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Abstract 

The present study was investigated to synthesis the 
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Phyllanthus reticulatus. The phytosynthesized 

FeNPs exhibited UV-visible absorption peaks at 
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through XRD. FT-IR analysis revealed the presence 

of various functional groups which are responsible 
for the bioreduction of FeNPs. The SEM results 

showed that FeNPs were aggregated, irregular sphere 
shaped with tough surfaces and EDX spectrum 

PRINCIPAL recordedldensely oceupied iron nanoparticles region. 
PGP College of Arts and Sience 637 204 

The partichsize range of the synthesized iron Namakkal 

htps:/link.springer.com/aticlels0-1607/ls13204-021-02002-3 1/35 



Vol.:(0123456789)1 3

Applied Nanoscience 
https://doi.org/10.1007/s13204-021-02002-3

ORIGINAL ARTICLE

Nano‑decolorization of methylene blue by Phyllanthus reticulatus 
iron nanoparticles: an eco‑friendly synthesis and its antimicrobial, 
phytotoxicity study

Rajathirajan Siva Dharshini1,2 · Mani Poonkothai1 · Palanisamy Srinivasan3 · Raja Mythili3 · Asad Syed4 · 
Abdallah M. Elgorban4 · Thangasamy Selvankumar3 · Woong Kim5

Received: 14 May 2021 / Accepted: 19 July 2021 
© King Abdulaziz City for Science and Technology 2021

Abstract
The present study was investigated to synthesis the iron nanoparticles (FeNPs) using the leaf extract of Phyllanthus reticula-
tus. The phytosynthesized FeNPs exhibited UV–visible absorption peaks at 229 nm and its crystalline nature was confirmed 
through XRD. FT-IR analysis revealed the presence of various functional groups which are responsible for the bioreduction 
of FeNPs. The SEM results showed that FeNPs were aggregated, irregular sphere shaped with rough surfaces and EDX 
spectrum recorded densely occupied iron nanoparticles region. The particle size range of the synthesized iron nanoparticles 
was 185.6 nm. The FeNPs showed potential methylene blue decolourisation activity which was visually observed by gradual 
colour change in the dye solution from deep blue to colorless. The control exhibited no change in coloration during expo-
sure to sunlight and the iron nanoparticles completely disintegrated the methylene blue within 10 s in 10 mg/L methylene 
blue (98%), whereas the color change was decreased when the concentration of the dye increased. In addition, the phyto-
synthesized FeNPs exhibited extensive antibacterial and antifungal activity against the selected pathogens. Phytotoxicity 
assay confirms the potential of biosynthesized iron nanoparticles as a fertilizer for the growth of green gram seeds. Thus the 
present study leads to development of cost-effective green synthesis, reduction of toxic chemicals and its extensive applica-
tions in the biological sciences.

Keywords Phyllanthus reticulatus · Iron nanoparticles · Photocatalytic activity · Phytotoxic activity · Antimicrobial activity

Introduction

Synthesis, manipulation and use of nanoscale size materi-
als and/or nanoparticles have attracted much attention due 
to their unique properties and applications in the field of 
science and technology and medicine (Praveen et al. 2018). 
Among, the synthesis methods, green and/or biosynthesis 
of metal nanoparticles gained increasing attention due to 
their eco-friendly, cost-effective, reproducible nature and 
large-scale synthesis (Sengottaiyan et al. 2016; Selvam et al. 
2017; Arularasu et al. 2018; Mythili et al. 2018). Among the 
metal nanoparticles, iron nanoparticles (FeNPs) have been 
widely applied as in solar energy conversion, biomedical 
applications, drug delivery and also as a catalyst (Kumar 
and Gupta 2005). In addition, FeNPs possess strong toxicity 
against a broad spectrum of pathogenic bacteria and fungi 
(Mahmoud et al. 2011). Because of excellent properties and 
applications, FeNPs synthesis using bio-based materials 
has attracted much attention in the field of nanoscience and 
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technology. Nanoparticles synthesized using plant extract 
resulted in the photocatalytic degradation of organic dyes 
which was found to be time dependent and moreover, there 
was no loss of activity of the nanoparticles until the reuse of 
particles (Goswami et al. 2018).

Biosynthesis of FeNPs has been reported using microor-
ganisms, enzymes and plants (Devatha et al. 2016; Raj et al. 
2018). Among the biological sources, plant-based materi-
als are advantageous because, they contain higher bioactive 
molecules and/or secondary metabolites which can be effec-
tively reduced and act as a capping agent for the synthesis 
of FeNPs (Charbgoo et al. 2017). Studies on the synthesis 
of FeNPs using plants have been documented by several 
researchers (Mohan Kumar et al. 2013; Huang et al. 2014; 
Wang et al. 2014), however, to date, synthesis of FeNPs 
using Phyllanthus reticulatus has not been reported.

Phyllanthus reticulatus (Poir.) (Black honey shrub) 
belongs to the family Euphorbiaceae is widespread in India 
and tropical Africa. It act as an diuretic, antidiabetic and 
antidiarrheal agent and reported to contain various phyto-
chemicals such as lupeol, lupeol acetate, and stigmasterol, 
polyphenols, flavonoids, glycosides, tannic acid and octacos-
anol (Khatun et al. 2014). Since, the plant contains variety 
of secondary metabolites and/or bioactive molecules it could 
be used as biological reducing agents for FeNPs synthesis. 
Hence the present study is an attempt to synthesis and char-
acterize the FeNPs using P. reticulatus leaf extract and to 
assess the photocatalytic degradation of the methylene blue, 
antimicrobial activity and phytotoxicity of the synthesized 
nanoparticle under in vitro conditions.

Materials and methods

Plant material and its extract preparation

In this present study, the fresh leaves of P. reticulatus were 
collected from Mohanur, Namakkal district, Tamil Nadu, 
India and were identified by Botanical Survey of India 
(BSI/SRC/23/2018/Tech./2873), Tamil Nadu Agricultural 
University, Coimbatore, Tamil Nadu, India. To remove the 
dust particles present on the surface of the collected leaves, 
they were washed with running tap water followed by deion-
ized distilled water. The surface cleaned leaves were shade 
dried for a week and crushed into fine powder with the help 
of a suitable grinder. The powder was stored in an airtight 
container and kept in a cool, dark and dry place for further 
analysis. About 10 g of powdered leaves were dissolved 
with 100 ml of distilled water and boiled at 180–90 °C for 
30 min. The contents were filtered through Whatman No.1 
filter paper and the obtained clear filtrate was stored at 4 °C 
for further FeNPs synthesis.

Biobased green synthesis of iron nanoparticles

Ferrous sulphate was prepared in different concentrations 
(1–5 mM) and to each 1–5 ml of the leaf extract was added 
separately. The reaction time was varied from 0 to 10 min 
and the contents were incubated at room temperature. At 
the optimized conditions, the reduction of  Fe+ to  Fe0 was 
confirmed by the colour change of solution from yellow 
to black. The biosynthesized iron nanoparticles were cen-
trifuged at 1000 rpm for 5 min to obtain the black precipi-
tate which served as iron nanoparticles. The obtained iron 
nanoparticles were dissolved in 100 ml of double distilled 
water and stored at 4 °C for further analysis (Suruthika 
et al. 2020).

Characterization of FeNPs

The Phyllanthus reticulatus-mediated FeNPs was charac-
terized by various spectroscopic techniques. The forma-
tion of FeNPs and the development of Surface Plasmon 
Resonance (SPR) peak were measured by UV–visible 
spectroscopy (Hitachi U2800, Tokyo, Japan). The mor-
phology, size distribution and the elemental Fe of the 
prepared FeNPs were determined by scanning electron 
microscope equipped with X-ray energy dispersive spec-
trometer was employed (Nova, Bergenfield, USA). The FT- 
IR (Shimadzu8400S, Kyoto, Japan) analysis was carried 
out to determine the possible secondary metabolites and/
or biomolecules which are involved the reduction and cap-
ping of FeNPs. X-ray diffraction (Shimadzu XRD 7000, 
Japan) was performed to determine the crystalline struc-
ture of FeNPs and the particle size range of the synthe-
sized iron nanoparticles was determined using a particle 
size analyzer.

Photocatalytic degradation activity

Photocatalytic degradation activity of FeNPs was evalu-
ated by the disintegration of methylene blue (MB) under 
sunlight irradiation. 500 mg of FeNPs were dispersed in 
100 ml of distilled water. A series of screw cap tubes con-
taining different concentrations of MB (10–50 mg/L) was 
taken and 1 ml of prepared FeNPs solution was added 
separately to the dye solutions. The experimental setup 
was kept over the sunlight irradiation 14 h to observe the 
color change of the dye. The resultant solution was moni-
tored in the wavelength range of 680 nm in a colorimeter 
and the percentage dye removal was calculated by

Dye removal (%) = (C0 − C) ∕ C0 × 100



Applied Nanoscience 

1 3

Where  C0 is the initial concentration of dye and C is 
the final concentration of dye at time (Bishnoi et al. 2018).

Antimicrobial activity of synthesized iron 
nanoparticles

The antibacterial and antifungal activity of the synthesized 
FeNPs was assessed by standard agar well diffusion method 
(Bauer et al. 1966). The bacterial cultures, Klebsiella pneu-
monia (MTCC 432), Shigella flexneri (MTCC 1457), Proteus 
vulgaris (MTCC 426), Salmonella typhi (MTCC 531), Vibrio 
cholera (MTCC 3906), Pseudomonas aeroginosa (MTCC 
424), Staphylococcus aureus (MTCC 96) and Staphylococ-
cus epidermidis (MTCC 435), and fungal cultures Aspergil-
lus niger (MTCC 282), Aspergillus fumigatus (MTCC 9657), 
Aspergillus flavus (MTCC 277) and Trichoderma sp. (Acces-
sion number:KX856353) were used in the present study. The 
selected bacterial and fungal cultures were swabbed on the 
Muller Hinton agar (Bacteria) and Rose Bengal Chloramphen-
icol agar (Fungi) plates separately. To each well 20 µl (100 µg) 
of the biosynthesized FeNPs, aqueous extract of P. reticulatus 
leaves and the standard antibiotics chloramphenicol (bacteria) 
and fluconazole (fungi) which served as positive control were 
added separately. The plates were then incubated at 37 °C for 
24 h (bacteria) and at room temperature for 5 days (fungi). To 
determine the antimicrobial activity, the diameter of inhibition 
zone was measured and expressed in millimeter.

Phytotoxicity assay

The green gram seeds subjected for germination assay were 
immersed in 10% sodium hypochlorite solution for 10 min 
to ensure surface sterility (USEPA 1996). After surface 
sterilization, the seeds were soaked in distilled water  (T1), 
plant extract  (T2) and iron nanoparticles  (T3) suspensions 
for about 24 h and rinsed thrice with distilled water. The 
experiment was conducted in triplicates. A layer of cotton 
was placed on each Petri dish and 5 ml of the selected test 
medium was added separately. Seeds were then transferred 
onto the cotton layer, with ten seeds per dish and 1 cm dis-
tance between each seed. The plates were watered regularly 
with the selected treatment. Petri dishes were covered and 
placed in the dark chamber for 3 days. After 7 days of incu-
bation, germination percentage, shoot length, root length 
and vigour index of the green gram seedlings were recorded 
(Anupama et al. 2014).

Results and discussion

Among the different concentrations of ferrous sulphate solu-
tion and plant extract used with the varying time intervals, 
the colour change from yellow to black was well observed 

immediately with 2  mM ferrous sulphate with1ml of 
leaf extract indicating the synthesis of iron nanoparticles 
(Fig. 1a). The change in the colour of the solution repre-
sented the reduction of ferrous sulphate to ferrous ions and 
thereby leads to the formation of FeNPs. The reaction mech-
anism might be due to the formation of a complex when the 
plant extract was added to the metal which breaks the –OH 
bond and forms a partial bond with the metal ion. Further 
there might be breakage of the partial bond and the transfer 
of electrons to reduce the metal ions to nanoparticles (Got-
timukkala et al. 2017). Hence it is assured that biomolecules 
present in the leaf extract may function as reducing agent 
and capping agent.

UV–Vis spectral analysis (200–800 nm) of the biosynthe-
sized FeNPs showed broad absorption peak around 229 nm 
(Fig. 1b). Devatha et al. (2016) observed the strong absorp-
tion peak of FeNPs at 259 nm and our results showed that 
strong absorption band at 229 nm. The SEM image obtained 
for FeNPs synthesized from P. reticulatus and its corre-
sponding EDX spectrum is shown in Fig. 2. SEM images 
revealed that the synthesized FeNPs were aggregated and 
irregular sphere shape with rough surfaces. Ali et al. (2016) 
reported spherical-shaped irregular iron oxide particles, 
which might have occurred due to agglomeration and its 
adhesiveness, the characteristic nature of metallic nanopar-
ticles. To further validate the FeNPs, the elemental composi-
tion was determined by EDX. The EDX spectrum showed 
intense peak of 10.12% for Cl, and 38.32% for O illustrating 
the existence of macromolecule as stabilizing agent on the 
surface of iron nanoparticles and also showed a strong signal 
of pure Fe with a weight percentage of 51.56%. The presence 
of Fe and O peaks indicated the formation of FeNPs.

FT-IR analysis is carried out to determine the possible 
secondary metabolites and/or biomolecules responsible for 
the reduction of Fe ions (Fig. 3a). The strong absorption 
band at 3367.71 and 3255.84  cm−1 indicated the OH stretch-
ing vibrations and the presence of alcohols and phenols 
(Litvin et al. 2012). The peaks at 2985.8 and 2353.16  cm−1 
indicates the C-H stretching vibrations of alkanes and 
–OH stretching of amino acids. The peaks at 1639.49 and 
1473.62  cm−1 may be assigned to the amide bond of the 
proteins and C=C stretching of aromatic compounds. The 
absorption peak in the range of 1380–1240  cm−1 indicates 
C-N stretch of aliphatic amines. It has been reported by Lin 
et al. (2005) that the carbonyl groups from the amino acid 
residues and peptides of proteins have a strong affinity to 
bind metals. So that protein can act as encapsulating agent 
and thus protect the nanoparticles from agglomeration. 
The amide linkages in proteins and polypeptides give well-
known signature in IR region. Presence of organic groups 
in the FT-IR spectrum of iron oxide nanoparticles indicated 
that bioactive compounds from P. reticulatus act as capping 
agent and decorate the surface of prepared particles. This 
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Fig. 1  a Formation of FeNPs 
from P. reticulatus leaf extract b 
UV–Vis spectrum of synthe-
sized FeNPs
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organic coating increases the chemical and colloidal stability 
of iron oxide nanoparticles and also can increase the bio-
compatibility of nanoparticles (Ebrahiminezhad et al. 2017). 
From the analysis of FT-IR study, it was revealed that the 
carbonyl group from the amino acid residue, carbohydrates 
and phytochemical constituents has the stronger ability to 
bind metal nanoparticles (capping of iron oxide nanoparti-
cles) to prevent the agglomeration and thereby stabilize the 
medium. This suggests that biological molecules could pos-
sibly perform the dual function of formation and stabiliza-
tion of iron oxide nanoparticles in the aqueous medium (Ali 
et al. 2016). Shah et al. (2015) also stated that presence of 
hydroxyl, carboxyl and amino functional groups may act as 
a precursor in metal ion reduction and also as capping agent 
to form the robust coating on the metal nanoparticles and 
leads to the colour change from yellowish brown to black.

The crystalline nature and phase composition of FeNPs 
were identified by X-ray diffractometer with Bragg’s angle 
ranging from 20 to 80° within 2θ range (Fig. 3b). The XRD 
pattern of biosynthesized iron nanoparticles exhibit several 
broad Bragg’s peaks corresponding to 220, 400, 422 and 440 
orientations respectively indicating its crystalline nature of 
FeNPs.

Dynamic light scattering is a widely used technique for 
the determination of particle size in colloidal solution. Par-
ticle size and distribution are the major characteristics to 
be determined for a nanoparticles based on its saturation 
solubility, dissolution velocity, physical stability or even 
biological performance (Vishal and Agarwal 2011). The 
resulting particle size of iron nanoparticles exhibits the size 
distribution of 185.6 nm (Fig. 4). These results are consist-
ent with the UV–Vis spectra where broadness of absorption 
peak is proportional with the size of the particle. Prabha-
kar et al. (2017) reported that Mimosa pudica-based iron 

nanoparticles showed comparatively larger size distribution 
of 65–230 nm.

Photocatalytic degradation of methylene blue was investi-
gated using green-synthesized FeNPs under solar light irra-
diation. The degradation was visually observed by gradual 
change in the colour of the dye solution from deep blue to 
colorless (Fig. 5).The control exhibited no change in col-
oration during exposure to sunlight and the iron nanopar-
ticles completely disintegrated the methylene blue within 
10 s in 10 mg/L dye (98%), whereas the colour change was 
decreased in 20 mg/L (87%) and 30 mg/ L (66%) at 25 and 
30 min of incubation, respectively. Minimum decolourisa-
tion was observed in 40 mg/L (27%) and 50 mg/L (15%) 
dye inoculated with 1  ml of iron nanoparticles. It has 
been reported that the dye degradation is associated with 
the breakdown of chromophoric group of the methylene 
blue and the transformation of dye into the low molecular 
weight by-products. The results are consistent with previ-
ous studies reported the degradation of methyl orange and 
methylene blue using FeNPs synthesized from Amaranthus 
spinosus (Garole et al. 2018).The mechanism of degrada-
tion of dye took place due to the generation of surface plas-
mons under resonant excitation with molecular environment 
(Tsibul’nikova et al. 2015). It was also described by Maji 
et al. (2007) that the mechanism of degradation of dye might 
be due to photo-absorption, electrons and holes generation, 
charge carriers transfer and the recombination of carrier 
with the dye molecules. The high surface area of iron oxide 
nanoparticles in the present study assists the methylene blue 
degradation and increase the formation of hydroxyl radicals. 
The results of the present study coincides with the findings 
of Shahwan et al. (2011) who reported 80% removal of 
methylene blue dye within 5 min of sunlight irradiation and 
the remaining concentration of dye was decolourised after 

Fig. 2  SEM and EDX analysis of phytosynthesized FeNPs
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Fig. 3  a FT-IR analysis of FeNPs b XRD analysis of FeNPs
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200 min under optimized conditions. Similar studies were 
performed using iron nanoparticles to remove malachite 
green by green tea leaf extract (Weng et al. 2013), indigo 
carmine by Azadirachta indica and methyl orange by benzo-
ate supported nanoscale zerovalent iron (Chen et al. 2011). 
Govarthanan et al. (2021) investigated the photocatalytic 
degradation of methylene blue and rhodamine-B using the 
novel heterogeneous  MoS2@MIL-88(Fe) hybrid composite 
under UV irradiation.

Antibacterial activity of FeNPs was measured by the 
zone of inhibition for different pathogenic bacteria. The 
zone of inhibition of the selected bacterial isolates against 

FeNPs and leaf extract was compared with the standard 
antibiotic chloramphenicol. The FeNPs showed maximum 
zone of inhibition against Gram negative bacteria P. vul-
garis (25 mm), V. cholera (25 mm), S. flexneri (23 mm), S. 
typhi (20 mm), K. pneumoniae (15 mm) and P. aeruginosa 
(32 mm) whereas, Gram positive S. aureus (15 mm) and 
S. epidermis (17 mm) exhibited minimum zone of inhibi-
tion for iron nanoparticles (Table 1). The zone of inhibi-
tion clearly indicated that the FeNPs had significant anti-
bacterial activity against wide range of both Gram-positive 
and Gram-negative bacteria. It has been reported that the 
effect of FeNPs was mainly electrostatic attraction between 

Fig. 4  Particle size of biosyn-
thesized iron oxide nanopar-
ticles

Fig. 5  Methylene blue degrading activity of FeNPs. A-Control (Methylene blue); B 10 mg/L FeNPs; C 20 mg/L FeNPs; D 30 mg/L FeNPs; E 
40 mg/L FeNPs; and F 50 mg/L FeNPs
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positively charged FeNPs and negatively charged bacterial 
cell wall and this phenomena leads to the formation of reac-
tive oxygen species (ROS) caused by cell death (Li et al. 
2008; Burello and Worth 2011). The antibacterial activity 
was caused based on the fact that Fe ions released form iron 
oxide nanoparticles infused the bacterial cell membrane 
by attaching to the negatively charged cell wall (Ren et al. 
2009; Sankar et al. 2013). Fe ions may indulge in cross link-
age of nucleic acid strands by binding them with DNA of 
bacteria. This may lead to the disordered helical structure 
of DNA molecule which may be due to the denaturation of 
proteins and irregular of some biochemical processes in the 
cell, it may result the complete destruction of the bacterial 
cell (Yallappa et al. 2013). Ravishankar Rai and Jamuna Bai 
(2011) and Tong et al. (2012) reported that iron oxide nano-
particles can interact with thiol (–SH) group of the protein 
present on the bacterial cell wall that leads to the denatura-
tion of surface protein along with the loss of cell membrane 
permeability, subsequently cause cell death. Also they act 
with phosphorus present inside the DNA by inactivating 
and inhibiting the enzyme activity leading to the death of 
bacteria.

The antifungal activity of the green synthesized FeNPs 
was compared with the standard antibiotic fluconozole. The 
fungicidal activity of FeNPs was found to be maximum in 
Rhizopus sp. and Trichoderma viridae with corresponding 
zone of inhibition of 31 and 30 mm, respectively. A. fumiga-
tus and A.niger showed a zone of inhibition of 25 mm and 
followed by A. flavus (18 mm), respectively (Table 2). The 
zone of inhibitions on the fungal plates clearly indicated 
the antifungal activity of FeNPs. It has been reported that 
the maximum zone of inhibition depends on the concentra-
tion of FeNPs and also spore concentration produced by the 
corresponding fungi. Abdeen and Salahuddin (2013) have 

been reported that the iron nanoparticles possess promis-
ing antimicrobial activity against several human pathogens. 
Nehra et al. (2018) reported that the iron oxide NPs showed 
strong lethal effects towards the A. niger and F. solani. The 
broad spectrum of antibacterial and antifungal activity of the 
synthesized FeNPs could be used as potential antimicrobial 
agent in the field of clinical medicine. Similarly, zinc oxide 
nanoparticles were synthesized using funnel-shaped ivory 
flowers of Candelabra cactus which exhibited anticancer 
and antibacterial activity (Govarthanan et al. 2020).

The results of phytotoxicity assay such germination per-
centage, shoot length, root length and vigour index of green 
gram seeds grown with distilled water  (T1), Phyllanthus 
reticulatus leaf extract  (T2), and biosynthesized iron nano-
particles  (T3) were depicted in Table 3. The germination 
percentage was maximum  T1 (97%) followed  T3 (93%) and 
 T2 (90%) (Fig. 6). Similar trend was noticed in the vigour 
index of green gram seeds (Table 3). The values observed 
for the shoot lengths of green gram were 3.83, 1.54 and 
3.54 cm in  T1,  T2 and  T3, respectively. The root length was 
heightened in  T1 (2.92 cm) followed by  T3 (1.35 cm) and  T2 
(0.69 cm). Increase in the germination and seedling growth 
by biosynthesized iron oxide nanoparticles shows that iron 
with plant extract might have acted as stabilizer and proves 
to be non-toxic in nature. It has also been anticipated for the 
bioremediation of pollutants (Yavuz et al. 2006; Barrena 
et al. 2009). Literature also says that iron oxide nanoparticles 
act as non-toxic material in many fields (Ju-Nam and Lead 
2008) and also perform as biostimulant and micronutrient 
(Liu et al. 2014).

Conclusion

Phyto-synthesis of FeNPs using P. reticulatus leaf extract 
is a cost effective, simple and eco-friendly method that 
excludes the hazards arising out of the use of harmful reduc-
ing and/or capping agents. The phyto-synthesized FeNPs 
have potential broad-spectrum of antibacterial and antifun-
gal activity. Furthermore, the catalytic activity of FeNPs to 
degrade methylene blue, classic contaminant of water bodies 

Table 1  Antibacterial activity of the biosynthesized FeNPs and leaf 
extract

Bacterial isolates Zone of inhibition (mm)

P. 
reticulatus 
extract

FeNPs Chloramphenicol

Gram negative bacteria
 Proteus vulgaris 10 ± 1.3 25 ± 2.4 30 ± 2.5
 Vibrio chlorae 18 ± 2.1 25 ± 3.2 32 ± 2.7
 Shigellaflexneri 12 ± 1.0 23 ± 2.6 36 ± 2.5
 Salmonella typhi 12 ± 1.0 20 ± 1.5 32 ± 3.1
 Klebsiella pneumonia 13 ± 1.5 15 ± 1.2 35 ± 3.8
 Pseudomonas aeruginosa 50 ± 4.8 32 ± 3.4 42 ± 4.2

Gram positive bacteria
 Staphylococcus aureus 10 ± 1.1 15 ± 1.3 35 ± 3.4
 Streptococcus epidermis 12 ± 1.7 17 ± 1.1 31 ± 3.0

Table 2  Antifungal activity of the biosynthesized FeNPs and leaf 
extract

Fungal isolates Zone of inhibition (mm)

P. reticulatus 
extract

FeNPs Fluconazole

Trichoderma viridae 15 ± 1.2 30 ± 2.2 40 ± 3.4
Aspergillus niger 22 ± 2.1 25 ± 2.3 30 ± 2.9
Aspergillus fumigatus 20 ± 2.0 25 ± 2.3 30 ± 2.8
Aspergillus flavus 13 ± 1.1 18 ± 1.9 20 ± 1.7
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was successfully investigated. The outcome of this study 
may find applications in therapeutics, agriculture and textile 
industries.
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Abstract
In the present study, we report a simple, rapid, cost-effective approach for the white synthesis of silver nanoparticles (AgNPs) 
using Capra aegagrus hircus milk. The formation of AgNPs was visually examined and further investigated using UV–vis-
ible spectrophotometer, transmission electron microscopy, scanning electron microscopy with energy dispersive X-ray, 
Fourier infrared spectroscopy, and X-ray diffractometer. Crystalline lattice indices of AgNPs were performed using the 
XRD analysis. The diffraction peaks at 2θ values of 37.7°, 46.1°, 67.4°, and 76.84° corresponding to lattice planes (111), 
(200), (220), and (311), respectively. The obtained AgNPs were spherical in shape with the size between 5 and 50 nm. The 
antibacterial activity of AgNPs against Klebsiella sp. (Accession Number: KC899845), and Staphylococcus sp. (Accession 
Number: KC688883) were evaluated by means of cell growth.

Keywords Antibacterial · Goat milk · Silver · Pathogens · White synthesis

Introduction

Nanoparticles are being considered as an eminent com-
ponent of the widely accelerating field of nanotechnology 
exemplifying various real-world applications. In the realms 
of metal nanoparticles, silver, gold, copper, and zinc oxide 
have been demonstrated as phenomenon alternative ther-
apeutic agents (Khan et al. 2021). Metallic nanoparticles 
have attracted considerable scientific interest due to their 

unique optical properties of surface plasmon resonance 
(SPR) and physicochemical properties (Castro et al. 2014). 
They are classified into different types such as carbon, metal, 
ceramic, polymeric, semi-conductor, and lipid-based nano-
particles, based on size, and structure properties (Thomas 
et al. 2015). Among them, silver nanoparticles (AgNPs) are 
one of the most sought after and greatly investigated metal 
nanoparticles.

Silver nanoparticles (AgNPs) are one of the most engi-
neered nanoparticles used in several commercial areas, 
including medical devices, healthcare products, cleaning 
agents, food storage, packing, and textile coatings (Rolim 
et al. 2019). Silver nanoparticles (AgNPs) play a significant 
role in resolving numerous medical problems due to their 
chemical biocompatibility, inertness, oxidation resistance, 
and safe use as antibacterial activity (Carlson et al. 2008) 
against a variety of microorganisms (Mahmoud et al. 2021). 
The antimicrobial potency of silver nanoparticles increased 
the usage of silver nanoparticles in wound dressing, drug 
carriers, and in artificial implantation (Liao et al. 2019). 
They are also used for environmental applications because of 
their potent antimicrobial activity against bacteria, viruses, 
and fungi (Rolim et al. 2019; Ahluwalia et al. 2018).
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To exploit the numerous properties of AgNPs, innova-
tive methods of synthesis are being employed. Chemical and 
physical modes are widely implemented for the synthesis 
of AgNPs (Khan et al. 2021; Gurunathan et al. 2015). Eco-
friendly green synthesis of nanoparticles is biocompatible, 
cost effective, less time and energy consuming and it also 
non toxic compared to the physical and chemical methods 
(Veeraraghavan et al. 2021). Accordingly, numerous biologi-
cal resources are being explored for the synthesis of AgNPs 
including, plants (Aravinthan et al. 2015; Mythili et al. 2018; 
Sengottaiyan et al. 2016; Ameen et al., 2019; Sampath et al., 
2021), bacteria (Ameen et al. 2020), fungi (Mukherjee et al. 
2002), algae (Gopu et al., 2021; Valarmathi et al., 2020; 
Govarthanan et al. 2017) oilcakes (Govarthanan et al. 2016), 
organic compound (Govarthanan et al. 2014), and even 
vegetable waste (Mythili et al. 2018). So far, many studies 
reported for AgNPs as plant extracts, due to medical value 
owing to the presence of phenolic compounds (polyphenols, 
tannic acid, flavonoids, terpenoids), amino acids and vita-
mins (Ebrahiminezhad et al. 2018). But only few studies 
attempted the biosynthesis of AgNPs using milk and other 
related bioresources.

Lee et al. (2013) reported that, synthesis of AgNPs using 
cow milk have potential application in medical and phar-
maceutical sciences. Although a wide variety of biologi-
cal sources have been used to synthesize AgNPs, the use 
of Capra aegagrus (goat) milk is not common. However, 
there is no report on synthesis of AgNPs using goat milk. 
In addition, goat milk has various effects of human health 
considering the total solid, fat, protein, mineral, vitamins, 
and lactose (Turkmen et al. 2017). In particular, goat milk 
contains 13.2% total solids, consisting of 4.5% fat, 3.6% pro-
tein, 0.8% minerals, and 4.3% lactose (Üçüncü 2013). It has 
been reported that the goat milk has maximum number of 
conjugated linoleic acids which play an important role in 
stimulation of immunity, growth promotion, and prevention 
of diseases. The most important effect of goat milk proteins 
is their healing effect on cow milk allergy, the most common 
food allergy, which causes many deaths in infants (Turkmen 
2017). The present study investigated the biological synthe-
sis of silver nanoparticles using fresh goat milk and evaluate 
the antibacterial activity of the synthesized AgNPs against 
the human pathogens.

Materials and methods

Materials and chemicals

Silver nitrate was purchased from Sigma–Aldrich (St. Louis, 
MO), nutrient broth was purchased from Hi-media Labora-
tories Pvt. Ltd (Mumbai, India). Capra aegagrus milk was 

procured from local goat farm in Mallasamudram, Tamil 
Nadu, India.

Synthesis of AgNPs

AgNPs synthesis was carried out according to Lee et al. 
(2013). Briefly, 4 ml of goat milk was mixed with 96 ml of 
1 mM silver nitrate solution. The mixture was then incu-
bated in a rotary shaking incubator at 37 °C until the color 
changed to dark brown. The reaction precipitates were 
then filtered and centrifuged at 10,000 rpm for 15 min. 
the resulting AgNPs were washed with sterile water. The 
obtained AgNPs was freeze dried at – 80 °C and used for 
further characterization and antibacterial studies.

Characterization of AgNPs

The optical absorption spectra of the synthesized AgNPs 
were observed using UV–visible spectrophotometer 
(Elico-SL 164) in the range of 200–800 nm. The mor-
phology and size of the biogenic AgNPs were determined 
by transmission electron microscopy (TEM, FEI Tecnai 
TF 20 high resolution). The presence of elemental silver 
in the AgNPs was analyzed by scanning electron micro-
graph-energy dispersive spectroscopy (SEM–EDS; Jeol 
JSM 6390). Fourier transform infrared (FT-IR) spectra of 
the AgNPs were analyzed using Perkin-Elmer FT-IR spec-
trophotometer (IRAffinity-1S) operated at a resolution of 
4  cm−1. The spectra were recorded at wavelength ranges 
from 500 to 4000 cm 1. The structural characterization was 
conducted using X-ray powder diffraction (XPERT-Pro 
diffractometer using Cu–Ka radiation). Sample Scanning 
was done in the region of 2θ from 20 to 80° at 0.04°/min 
with a time constant of 2 s.

Antibacterial activity

The antibacterial activity against Klebsiella sp. (Acces-
sion Number: KC899845), and Staphylococcus sp. (Acces-
sion Number: KC688883) of AgNPs synthesized from 
goat milk was evaluated according to Govarthanan et al. 
(2014). Briefly, the strains cultivated in 100 mL of nutrient 
broth amended with different concentrations (1–5 mM) of 
AgNPs. The growth of the bacterial strains was indexed 
by measuring the optical density (at λ = 600 nm) at regular 
intervals (0–48 h) using spectrophotometer. The growth 
curve was plotted between optical density and time. 
The flask without AgNPs was used as a control for this 
experiment.
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Results and discussion

Characterization of AgNPs

In the present study investigated a white chemistry milk 
approach-based biosynthesis of AgNPs from Capra aega-
grus milk. The development AgNPs through the reduc-
tion of  Ag+ into  Ag0 ions was visually confirmed from 
colorless to dark brown in the flasks within 5 h. It has 
been reported that the proteins present in the milk could 
be responsible for the reduction of  Ag+ in the mixture. 
The process of goat milk mediated AgNPs synthesis is 
shown in Fig. 1. Our previous study obtained after 8 h 
of reaction, the mixture turned from milky white to dark 
brown (Lee et al. 2013). The preliminary conformation of 
AgNPs synthesis was recorded by UV–Vis spectroscopy. 
The surface plasmon resonance (SPR) was found to be 

Fig. 1  Process of goat milk mediated AgNPs synthesis

Fig. 2  Surface plasmon 
resonance spectra of AgNPs 
synthesized using goat milk

Fig. 3  TEM image of synthesized AgNPs
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higher at 420 nm and its absorbance intensity increased 
with the increase of the incubation period (Fig. 2). The 
SPR at 420–450 is corresponding to the silver nanopar-
ticles formation, according to the earlier reports (Singh 
et al. 2015).

The TEM images of biogenic AgNPs are shown in Fig. 3. 
The size of the AgNPs was in the range of 5–50 nm. The 
AgNPs were found to be spherical in shape, well dispersed, 
and homogeneous in nature. Shape is another important 
parameter that has an influence on the biological activity 
of nanomaterials. It was stated that the cellular uptake of 
spherical shaped nanoparticles was higher than rod-shaped 
(Barabadi et al. 2021). Further validate the formation of 
AgNPs, samples were characterized by SEM–EDS and 
the results are presented in Fig. 4. Strong silver peak was 
observed at 3 keV, which is reasonable absorption peak 
of AgNPs which could be the crystallites due to SPR. The 
results are consistent with previous studies reporting strong 
absorption of AgNPs approximately at 3 keV (Lee et al. 
2013). The agglomerations of the particles on the surface 
are due to the multilayer coating of the particle leading to 
the formation of a few huge clusters on the surface.

FT-IR analysis involved in identifying the possible 
functional groups and/or secondary metabolites involved 
in AgNPs synthesis. Figure  5 shows the FT-IR spec-
tra of AgNPs synthesized from goat milk. The band 
at  2929   cm−1  indicates the presence of C–H bonds of 
alkanes. The bands at 1662 and 1536  cm−1 are characteristic 
of amide I and amide II bands, respectively. Subsequently, 

intense peaks were identified at 1404 and 1028  cm−1, cor-
responding to C=C and C–O bonds, respectively. The peak 
recorded at 1662  cm−1 could be due to the C=C stretch-
ing associated with the presence of aromatic rings, while 
the band around 1404  cm−1 could be attributed to aliphatic 
and aromatic groups in the plane deformation vibrations of 
methyl and methylene groups (Memon et al. 2018; Zhao 
et al. 2016).

Crystalline lattice indices of AgNPs were performed 
using the XRD analysis (Fig. 6). The diffraction peaks at 
2θ values of 37.7°, 46.1°, 67.4°, and 76.84° corresponding 
to lattice planes (111), (200), (220), and (311), respectively. 
The observed peaks have been attributed to hexagonal phase 
of AgNPs (JCPDS no. 41–1402). A lot of unimportant peaks 
are seen owing to the bioorganic phases of crystallization 
that are stuck to the synthesized nano particles’ surfaces. 
The XRD pattern strongly confirms the high crystalline 
nature of the biosynthesized silver nanoparticles. The similar 
XRD peaks were also found in the earlier studies have been 
observed the diffraction peaks of AgNPs at lattice planes of 
(111), (200), (220), and (311), respectively, (Govarthanan 
et al. 2016; Aravinthan et al. 2015).

Antibacterial activity

The antibacterial activity of AgNPs against Klebsiella 
sp. (Accession Number: KC899845), and Staphylococ-
cus sp. (Accession Number: KC688883) was evaluated 
by means of cell growth. Optical density was measured 

Fig. 4  SEM–EDX of AgNPs 
synthesized using goat milk
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at 600 nm and plotted as a function of time for 48 h at 
regular intervals with various concentrations (1–5 mM) of 
AgNPs (Fig. 7a and b). The results showed that the higher 
concentration (5 mM) of AgNPs effectively encountered 
the population of cell growth. As expected, the increasing 

concentration of AgNPs decreased the growth of bacterial 
population in the medium (Saxena et al. 2012).

It has previously been reported that nanoparticles with 
a size smaller than 20 nm can interact more easily with 
membrane proteins, causing maximum permeability, 

Fig. 5  FT-IR analysis of AgNPs 
synthesized using goat milk

Fig. 6  XRD of goat milk medi-
ated synthesis of AgNPs
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which leads to the cell death of bacteria (Deshmukh et al. 
2019). The mechanism of antibacterial activity of AgNPs 
remains unclear to date. Meanwhile, the mechanism of 
action of silver itself is by disrupting the cell membrane, 
causing ROS, penetration of cell membrane, and will bind 

to DNA and protein. However, based on existing works 
of literature, the principle of antibacterial mechanism of 
AgNPs is divided into oxidative stress, metal ion release, 
and non-oxidative mechanism (Sukweenadhi et al. 2021).

Fig. 7  a, b Antibacterial activ-
ity of AgNPs
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Conclusion

A simple one step white synthesis of AgNPs is reported 
along with the bio-reduction as well as biostabilization 
potentials of Capra aegagrus milk. The elemental analy-
sis confirmed the presence of elemental silver in AgNPs. 
FT-IR analysis confirmed that the functional groups of 
goat milk have played a significant role for the bio-reduc-
tion of  Ag+ ions into AgNPs. The antibacterial activity 
results clearly demonstrated that AgNPs synthesized by 
goat milk could be used for the treatment of disease which 
will cause by Klebsiella sp. and Staphylococcus sp. Thus, 
the white synthesized AgNPs can be used as a potential 
antibacterial agent in near future.
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1. INTRODUCTION
Enzymes are the biocatalysts playing an 

important role in accelerating chemical reactions 
in all stages of metabolism of the living organism. 
The enzymes particular attention on are called 
substrates, and the enzyme converts the 
substrates into diverse molecules known as 
products. The microbial enzyme research has 
regularly been updated and increased significantly 
in the 21st century; studies on their screening, 
stability, characterization of properties, 
production on bench-scale to pilot-scale and their 
application in bio-industry have continuously 
progressed. Many of the enzymes from microbial 
sources are already being used in various 
industrial intermediates. Selected microorganisms 
including yeast, bacteria and fungi have been 
globally studied for the synthesis of various 
enzymes for commercial applications [1]. A large 
number of industrial need enzymes have been 
optimized and designed with the input of 
biochemical engineering, protein engineering, and 
metagenomics [2]. 

Laccases (benzenediol: oxygen oxido reductase, 
EC 1.10.3.2) belong to a large group of enzymes 
called polyphenol oxidases including multi-copper 
atoms in the catalytic core and are generally called 
multicopper oxidases. Three types of copper 
atoms exist in these enzymes, one of which is 
accountable for their distinctive blue color. 
Classically laccase-mediated catalysis occurs with 
the reduction of oxygen to water adjunct by the 
oxidation of the substrate. Laccase enzyme 

productions are broadly disseminated in higher 
plants and fungi and have also been found in 
bacteria and insects. In plants Pears, cabbages 
apples, potatoes and other vegetables is possessed 
laccase enzyme. They are used for many 
biocatalytic applications in various 
biotechnological and industrial domains which 
have been included biosynthesis of intermediates, 
improving fibers properties, energy exploitation, 
bio-detection, environmental protection, 
degradation and assimilation of synthetic dyes, 
printing and dyeing industry, bio-pulping in the 
paper industry, separation of aromatic compounds 
[3], and degradation of phenols compounds it 
causes cancer and teratogenicity which was in 
wastewater. Also, Laccases are used as toothpaste, 
detergent, soap, mouthwash and diapers in 
cosmetics such as deodorants for these fast-
moving consumer goods, in beverage and food 
industry for the preparation of wine and juice 
stabilization characterization [4-6], in dough or 
baked products to increase the strength of gluten 
structures; in pharmaceutical industries as 
anesthetics, anti-inflammatory drugs, antibiotics, 
and sedatives; and in nanobiotechnology as 
nanoparticles based biosensors.  

Recently, laccases enzymes are not able to 
exploit full growth efficiency under harsh 
environmental conditions. Also, wild novel strains 
which have been tolerated in harsh conditions and 
produced the highest laccase enzyme with 
minimum energy consumption in the process are 
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in huge advantages with higher demand. 
Biotechnological applications of laccase have been 
extended from laccase-mediator systems, which 
have provided the ability to oxidize non-phenolic 
compounds that are otherwise hard or not 
oxidized o reduced by the enzyme lone. 

The flourishing application of laccases in 
declared areas would necessitate the production 
of maximum quantity at minimized costs. 
Abundant production approaches can be adopted 
as well as media and process optimization to 
accomplish enhanced process economics. At the 
same time, over a phrase or disparity expression 
of laccase in suitable host organisms Bacillus sp. 
would provide means to achieve high titers. Use of 
inducers such as apple pomace, yeast extract and 
copper could also enhance production capabilities 
[7]. The present review is making an effort to 
provide collective data on various aspects of 
laccase production and also describes the 
structure and characterization, catalytic 
mechanisms and application of laccase industrial 
and environmental applications 

 
1.1. Sources of laccases 
1.1.1. Bacteria 

Laccase producing bacterial species was first 
discovered in rice rhizosphere and identified as 
Azospirillumlipoferum[8].Later, laccase has been 
identified from a broad range of bacterial species 
in various genera [9-25]. Bacterial laccases are 
more prevalent in industrial and environmental 
applications due to their availability, flexibility, 
thermostability, alkalineoptimum and radiance 
tolerance. Moreover, it has low redox potentials 
and also widely used in decolorization of dyes, 
bioleaching of paper and pulp industries [26, 27]. 
 
1.1.2. Fungi 

Laccase production has been reported in many 
fungal species. The premier laccase producing 
fungi are Ascomycetes and followed by 
Zygomycetes and Chytridiomycetes. The genus 
Ascomycetes are phytopathogens and isolated 
from soil, freshwater, wood logs on degradation. 
The laccase enzyme producers are more prevalent 
in fungi than plants. Fungal laccases are noticed in 
together intra and extra-cellular physiological 
processes of pathogenesis, delignification, 
pigmentation, and morphogenesis [28]. Recently, 
researchers are focus on screening 
of laccase producing novel fungal wild species and 
researched developing higher yield stains to meet 
out the demands of industries.  The higher yield 
wild fungal laccase producers are Basidiomycete 
families. The researchers are carried out on the 
wild strains critically and carried out the 
experiments on genetic material sequences; 
phylogenetic relationship, catalytic property, and 

expression regulation of laccase isozymes systems 
[29,30]. 

 
1.1.3. Plants 

The plant laccase was first isolated from the 
Japanese lacquer tree Rhusvernicifera. They are 
generally spread in a wide range of upper plants. 
The plant laccase enzyme activities have been 
pragmatic in trees, apples, turnips, cabbages, 
potatoes and asparagus [31]. These enzyme gene 
families in plants are still better than fungal 
laccase families. For case, rice (Oryza sativa) found 
to have at slightest 22 laccase genes [32]. 
Arabidopsis thaliana, the model plant has 17 gene 
members in its laccase family, which play many 
roles in plant enlargement and progress, depend 
upon the mutant characterization and expression 
profiling [33]. 

  
1.1.4. Insects 

Insect laccases are the least characteristic of all 
identified laccases. Insect laccases have an 
important role in cuticle sclerotization and 
melanization of the physiological functions of the 
insect life cycle [34-37]. 
 
1.2. Enzyme production by fermentation 

The large-scale production of laccase enzyme 
could be achieved by fermentation processes. 
They are i) Submerged fermentation and ii) Solid-
state fermentation. 

1.2.1. Submerged fermentation 

Submerged fermentation process contains the 
microbial growth in a liquid medium 
supplemented with nutrients in aerobic 
conditions. The manufacturing production of 
enzymes is mainly achieved by submerged 
cultivation. The perfect of nutritional and ready 
conditions is the first step to be intense to achieve 
high production. Waste and cheap raw materials 
from many resources are used in huge amounts 
can be employed in submerged cultivation. These 
resources have important concentrations of all the 
soluble elements and even inducers for laccase 
production [28]. The natural raw materials are the 
nutrient sources in submerged fermentation, 
which cause glutinousness nature of production 
medium and subsidize the production and 
downstream process by hampering impeller 
action causing obstructions consequential in 
restrictions of oxygen and mass transfer [33]. 

1.2.2. Solid-State fermentation 
 SSF is a suitable method for the industrial 
enzyme production using natural substrates such 
as agricultural residues because they impersonate 
the environmental surroundings under which the 
fungi grow in nature. Laccase enzyme production 
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makes the most of many agricultural wastes as 
substrates such as pearl millet, finger millet, grape 
seeds, grape stalks, cone, cotton stalk, barley bran, 
molasses and wheat bran [37]. As compared to the 
additional substrates, rice bran found to produce 
maximum laccase enzyme by SSF [18]. Solid 
substrate cultivation is cost-effective as well as 
low-cost substrates are being utilized for enzyme 
production. However, there are few disadvantages 
or limits for growing microorganisms in SSF that 
includes the minimal transfer of oxygen, nutrients, 
moisture, and temperature and pH regulation due 
to the absence of any established fermentor 
designs [26]. 
 

1.3. Optimization of enzymes production 
Optimization is one of the major strategies for 

obtaining a maximum yield of industrial enzymes 
within the limiting factors. The high yield strains 
are subjected to optimize with various parameters 
for an optimal yield of products. In laccase 
enzyme, the high yield stains are designed with 
molecular cloning techniques and the improved 
strains are subjected to optimization of media, 
environmental, physical conditions and stress 
conditions. The industrial production of laccase 
enzymes is highly influenced by media 
components and other conditions such as 
temperature, pH and agitation [38]. The 
optimization procedure gives enough information 
to scale-up the fermentation process in design and 
optimizing of the suitable fermentation medium 
with medium nutrient composition, 
product concentration, yield and 
volumetric productivity for industrial applications. 
It has been well documented that media 
components and physical factors greatly influence 
the production of enzymes in microorganisms and 
their interaction plays a significant part in the 
biogenesis of these enzymes.  

Media optimization is frequently done to retain 
an explicit ratio among various medium 
components, however, it was completely utilized 
by fungi or bacteria on other hand obtain a cost-
effective and prevent the wastage of medium 
components, while metabolite yield at the closing 
stages of fermentation. There are many 
experimental strategies available for optimization 
of enzymes and metabolites production from 
microbial sources. Optimization of media 
compounds by fixed “one-variable-at a-time” 
strategy by optimization of fermentation media 
compounds by traditional involving changing one 
independent uneven on a point in time, most 
commonly used act in fermentation technology. 
This plan varies in time and costly as soon as a 
massive number of factors variables are measured 
and is unable of detecting the true most favorable, 

due mainly to the connections amongst the factor 
[39]. 

 
1.3.1.Response Surface Methodology (RSM) 

RSM is a group of statistical and numerical 
techniques helpful for increasing, humanizing and 
optimizing process in which a reaction of attention 
is partial by some variables and the purpose is to 
optimize this response. RSM has important 
appliance in the design, advance and preparation 
of novel industrial enzyme yield, as well as in the 
development of open product design process. 
Processes define the most efficacies of the free 
variables, only or here mixture. In accumulation to 
analyze the special effects of the free variables, 
this experimental method generates a numerical 
model which describes the chemical compound or 
biochemical processes [40-43]. 

RSM is usually achieved by real-time testing of 
many factors in the limited numeral of 
experiments. In data, the purposeful report among 
the needy and the free variables can be firm by 
using regression investigation which also explains 
the significance of the variables [39]. 

 
1.3.2. Purification of laccase 

Generally, plant laccases are extracted and 
purified from tissues. Whenever the bacteria are 
utilized for the laccase production, the 
extracellular enzyme extracted from the medium 
followed by the purification process. Two 
operations were followed for the complete down-
streaming process, in which primary operation is 
solid/liquid medium segregation by filtration and 
centrifugation. This step will be followed by 
dewatering, which can be carried using the 
salting-out precipitation method with ammonium 
sulphate salt [44]. The second stage of enzyme 
purification is achieved using ion exchange and gel 
filtration chromatographic techniques. 
Purification may be a single or multi-step process. 
Other works include purification of laccase from 
Bacillus sp. with ethanol precipitation, Phenyl 
Sepharose, DEAE-Sepharose. After separation, 
enzyme processing is carried out through 
immobilization techniques. 

 
1.3.3. Immobilization 

The term ‘immobilized enzymes’ refers to 
‘enzymes physically attached to an inert assured 
definite area of space with preservation of their 
catalytic activities, and which can provide 
increased conflict to change  in surroundings 
much as pH or temperature. Besides a more easily 
convenient handle care of the enzyme, it also 
substantially simplifies the manipulation with the 
biocatalytic reaction and the control of the 
preservation process [45] while enhancing the 
enzyme stability under both storage and 
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operational conditions. Immobilization provides a 
facile separation of the enzyme from the product 
[46-48], hence protein contamination of the 
product is minimized or avoided altogether. Apart 
from the easy separation of the enzyme from a 
mixture of sodium alginate solution with calcium 
chloride, enzyme immobilization (entrapment) 
also remarkably reduces the cost of enzyme and 
the enzymatic immobilized products. 
Insolubilization of the enzyme by attachment to a 
matrix also imparts several added benefits such 
as; restrict the freedom of movement of an 
enzyme from the reaction solution and value of 
enzyme stability against solvents, pH, 
temperature, contaminants and impurities. Which 
is also helps for the highest recovery and reuse of 
more active enzymes and enable their application 
in continuous fixed-bed operation in fermentation. 
It is possible to conclude that enzyme 
immobilization increases the productivity of the 
biocatalysts and enhances their features, making 
them more attractive for diverse applications. 

 
1.4. Laccase Immobilization 

Laccases are immobilized for various reasons 
including recycling, stability during the operation 
process, and resistance to application conditions. 
The factors responsible for activity improvement 
depend upon different factors nature of the 
laccase enzyme, desired method of immobilization 
and preparation parameters. The immobilized 
microbial laccases are more broadminded to high 
temperatures, storage and can be reused multiple 
times when compared with their free enzyme 
counterparts [49, 50]. They are also found to be 
more resistant to inhibitors such as NaCl. Even 
though there are some limitations such as reduced 
enzyme flexibility, and diffusion limitations, 
immobilization method can improve the catalytic 
activity of microbial laccases occasionally. 

 
1.4.1. Magnetic metal nanoparticles 

Magnetic metal nanoparticles have been utilized 
in enzyme immobilization because of their precise 
properties together with superparamagnetic, 
excessive surface area, huge surface-to-quantity 
ratio, and easy separation under outside magnetic 
fields [51]. Another key issue to take complete 
advantages of nanoparticles such as MNPs is the 
way to ideally modify the orientation of the 
enzymes on the supports. Compared to porous 
supports, non-porous nanoparticles have no 
external diffusion problems, making them more 
competitive especially for large scale industrial 
usage in solid-liquid systems (e.g., precipitated 
protein). The frequently utilized MNPs are iron 
oxides, among which superparamagnetic Fe3O4 
nanoparticles are the most prevalent materials 

because they have low toxicity, good 
biocompatibility [32,33]. 

 
1.4.2. Preparation of magnetic nanoparticles 

MNPs can be produced by physical, chemical 
and biological methods: (i) physical methods 
[45,46], such as gas-phase evidence and electron 
beam lithography; (ii) dripping chemical 
preparation methods, such as sol-gel synthesis 
[52], oxidation method [53,54], chemical co-
precipitation, hydrothermal reactions [55], flow 
injection synthesis [56], electrochemical method, 
aerosol/vapor phase method sonochemical 
breakdown reactions [57], the supercritical fluid 
method [58], synthesis using nanoreactors [59] 
and (iii) microbic methods [60,61]. Since the 
physical and chemical nature has decisive results 
at the applicability of magnetic nanoparticles, 
comprehensive surface characterization strategies 
are utilized for higher expertise of the surface 
properties together with chemical composition, 
surface morphology, and spatial distribution of the 
functional groups. 

 
1.4.3. Enzyme immobilization methods 

Traditionally, the selection of an appropriate 
immobilization approach is a very crucial part of 
the immobilization process as it performs the 
largest role in determining the enzyme activity 
and characteristics in a selected response. 
Immobilization techniques can be divided into two 
major characterizations namely, the chemical and 
physical methods. Although, there are four main 
principal techniques used for the immobilization 
of enzymes specifically, Adsorption, Entrapment, 
Covalent and Cross-linking [53]. 

 
1.5. Applications of Laccase 

In the last few decades, enzyme-like laccases 
have much important attention from many 
researchers due to their ability to highly 
recalcitrant environmental pollutants and oxidize 
both phenol, non-phenol lignin related 
compounds. One of the main applications of 
detoxification of dye-containing industrial 
effluents from textile and leather industries by 
laccases, on the other hand over pulp bioleaching, 
and use as a tool in the pharmacy industry and as 
a bioremediation agent to dirt-free up herbicides, 
pesticides and certain explosive in soil [58] [Fig.1]. 
Water purification systems laccases are also used 
as clean-up agents, as catalysts for the 
manufacture of anti-cancer drugs and even as 
ingredients in cosmetics. Laccases also find 
application in the food industry that includes 
beverage (fruit juice, wine and beer) processing, 
sugar beet pectin gelation, baking etc.
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Fig.1. Applications of bacterial laccase 

1.5.1. Bioremediation 
 The association of laccase in biodegradation was 
specifically because of its catalytic properties. 
Laccase is used for decolorizing dye residence 
effluents which capacity is rarely decolorized from 
side-to-side conventional dirt behavior foliage. 
The xenobiotic compound present in 
contaminated soil, polycyclic aromatic 
hydrocarbons (PAHs) in natural oil deposits and 
fossil fuels have been easily degraded utilizing 
laccase. Laccase becomes determined to be 
dependable for the change of 2, 4, 6-
trichlorophenol to 2, 6-dichloro-1, 4-
hydroquinone and 2, 6-dichloro-1, 4-
benzoquinone. Laccase arbitrate system has been 
also used to oxidize dibenzothiophene ethyl-
carbazole, carbazole, fluorine and alkenes [57, 58]. 
LMS has been considerably used for the oxidation 
of recalcitrant polycyclic aromatic hydrocarbons 
such as naphthalene, having two aromatic rings, 
and the three-ring compounds anthracene, 
phenanthrene and several other contaminants 
[54]. 
 
1.5.2. Dyedecolorization 
 The application of laccases in dye 
decolourization has enlarged in modern years and 
many studies have been confirmed for dye 
decolourization using both crude and purified 
forms of laccase. Some of the portion of the 
organic compound as redox mediators facilitate 
the laccase dye degrading activity and enhance its 
specificity to a wide range of synthetic dyes [38]. 
Laccases have been used for the decolorization of 
dyes belonging to different categories such as azo, 
anthraquinone, heterocyclic, triphenylmethane 

dyes etc. Many studies were carried for the 
degradation of azo dyes by microbial laccases [58]. 
 
1.5.3. Pharmaceutical Applications 

The application and stability of laccases in the 
pharmaceutical industry have been exploited due 
to their specificity and bio-based nature suggested 
that microbial laccases may be utilized for the 
synthesis of the drug of anti-inflammatory, 
anesthetics and sedatives [45]. Pharmaceuticals 
and Personal Care Products (PPCPs) are detected 
in municipal wastewater. Laccase-catalyzed 
reactions are employed for the removal of PPCPs 
[62]. Laccase from Myceliophthora thermophila is 
used in the degradation of several anti-
inflammatory drugs (diclofenac and naproxen) 
and estrogen hormones. Laccase from Clitocybe 
maxima exhibited anti-proliferative activity 
against Hep G2 and MCF-7 tumour cells [65]. 
Laccases are used as markers in immunological, 
histochemical and cytochemical assays by 
covalent conjugation with binding molecules. 

 
1.5.4. Phenol removal 
 Removal of phenols and phenolic compounds in 
aqueous effluents release from industry is an 
important practical problem for the environment, 
therefore virtually all phenols are toxic and their 
presence in several industrial wastewaters is a 
health hazard [45]. The use of free laccase, 
tyrosinase and peroxidase, which catalyse the 
oxidative coupling of phenol compounds resulting 
in the formation of water-insoluble oligomeric and 
polymeric products which are then removed by 
sedimentation or filtration, has been proposed 
[48]. 
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1.5.5. Pulp bioleaching 
 The major problem encountered in the pulping 
process is the characteristic brown color of the 
pulp due to the presence of residual lignin [54]. 
The chemical processes are usually employed in 
the industries for the removal of lignin and 
hemicelluloses from the pulp thereby the 
brightness of the pulp is achieved. Although the 
chemical treatments are an effective method to 
achieve this task, the high cost and related 
pollution harms make them unattractive [56]. In 
this method is the eco-friendly treatment of pulp 
that involves either microorganisms or their 
enzymes called Bioleaching. This process helps in 
the selective removal of lignin and hemicelluloses 
components without degrading cellulose. 
Cellulases and xylanases are the most widely used 
microbial enzyme for bioleaching however, the 
role of laccases in the process has also been 
elucidated in the recent year’s application [57]. 
 
1.5.6. Paper industry 

In the industrial preparation of the paper, the 
degradation and separation of lignin in wood pulp 
are conventionally obtained using oxygen or 
chlorine-based chemical oxidants. Enzymatic 
treatment of method like non-chlorine bleaching 
of pulp obtained brighter pulp with low lignin 
content [60]. Since wood and other soil materials 
are naturally degraded by biological origin, the use 
of lignin-degrading enzymes of laccases would 
provide a new alternatives approach in pulp and 
paper industries. Employing microbial laccase in 
lingo cellulosic fibers will improve the physical 
properties and chemical of Kraft pulp fibre 
products [61]. Bacterial laccases from 
Streptomyces cyaneus CECT 3335 and 
Pseudomonas stutzerihave been examined for bio-
bleaching of eucalyptus kraft pulps using HOBT 
(Hydroxybenzotriazole) and ABTS as redox 
mediators. 

 
1.5.7. Nanotechnology 

The ability of laccases to catalyze electron 
transfer reactions without additional cofactors is 
being employed in biosensors. Biosensors also 
containing laccase have been developed for 
immune, histochemical and cytochemical assays 
used for the determination of glucose, aromatic 
amines and phenolic compounds. Laccases are 
immobilized on various substrates composed of 
pyrolytic graphite, ceramics supports and carbon 
fibres which can be used as electrodes [62]. The 
redox potential of laccases is also utilized in the 
biofuel cell to provide power for small transmitter 
systems. Biofuel cells do not require proton 
exchange membrane like in a traditional fuel cell 
due to the specificity of the laccase enzyme. 
Coupling the laccases with nanoparticles can 

further increase the laccase activity in the biofuel 
cells [63]. Laccase-based biofuel cell is also used in 
therapeutic applications for providing power to 
cells source implanted in a human body. 

 
CONCLUSION 

Laccases are highly versatile enzymes and are 
involved in the degradation of a range of complex 
and recalcitrant compounds and thus find 
application in an extensive range of industries. 
The biotechnological importance of laccases has 
led to a drastic boost in the demand for these 
enzymes and oriented the interest of scientists 
towards the same in recent years. The present 
study thus focuses on the isolation of laccase 
producing organisms and large-scale productions 
of laccases using inexpensive sources like agro-
wastes. In this regard, inexpensive raw wastes will 
be explored for maximizing laccase production 
under submerged and solid-state fermentation. It 
is also described the optimization procedures and 
catalytic properties of laccase enzyme with 
immobilization with magnetic nanoparticles. This 
review also highlights the potential use of 
pharmaceutical applications and cleanup of 
environment for the removal of pesticides, dye 
decolourization, removal of phenolic compounds, 
paper and pulp industries. This review helps to 
understand the properties of laccase enzymes in 
nanotechnology for biosensor and biofuel cell 
development. 
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h i g h l i g h t s

� Synergistic effect of biochar (BC) and EDTA to enhance phytoextraction of lead (Pb) contaminated soil investigated.
� Combined use of EDTA and biochar showed enhanced Pb uptake (60.2 mg/g).
� Pb uptake was found to be BCþEDTA (60.2 mg/g) ˃ EDTA (23.5 mg/g) ˃ BC (22. 0 mg/g) ˃ control (10.0 mg/g).
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a b s t r a c t

Phytoremediation technology is an eco-friendly technology for the treatment of the polluted environ-
ment. Conversely, the natural and synthetic amendments have been revealed to improve the heavy metal
phytoextraction from polluted soils with hyperaccumulation and/or non-hyper accumulating plants. This
study evaluated the synergistic effect of biochar (BC) and EDTA to enhance phytoextraction of heavy
metal lead (Pb) from artificially polluted soil by Brassica juncea. The BC and EDTA amendment enhanced
the growth and survival of B. juncea under Pb stress environment. BC and EDTA significantly increased
the biomass of B. juncea and significantly increased the total chlorophyll content in the combined
amendment of BC and EDTA (22.2 mg/g) compared to the individual amendment of BC (12.8 mg/g) and
EDTA (12.2 mg/g) respectively. The combined use of EDTA and biochar showed enhanced Pb uptake
(60.2 mg/g) compared to control (10.0 mg/g). The order of Pb uptake was found to be BC þ EDTA
(60.2 mg/g) ˃ EDTA (23.5 mg/g) ˃ BC (22. 0 mg/g) ˃ control (10.0 mg/g). The maximum activity of SOD
(35.2 ± 1.2 U/mg), POD (47.0 ± 1.8 U/mg) and CAT (28.0 ± 1.0 U/mg) was obtained in the mixed appli-
cation of EDTA and BC. The obtained results revealed that the combined use of BC and EDTAwas the most
advantageous option for the treatment of Pb contaminated soil as compared to individual amendments.

© 2020 Elsevier Ltd. All rights reserved.

1. Introduction

Heavy metals (HM) are trace elements, essentially required in
very minute quantities for plants and animals which includes the
micronutrients like cobalt (Co), copper (Cu), chromium (Cr), man-
ganese (Mn), and Zinc (Zn); while some are non-essential and
broadly cause several pollutions of soils with heavy metals (HM)
due to anthropogenic activities is nowadays given a great deal of

interest among scientific communities as a consequence of the
harmful effects of HMs by reaching humans from plants and ani-
mals via food chain (Rinklebe et al., 2019; Ali et al., 2020). HM are
exist permanent and not degradable like organic materials, hence
persistent in nature (Shi et al., 2009). The sources of HM in food and
associated health risks are well established (Azeh Engwa et al.,
2019; Boudebbouz et al., 2020; Afonne and Ifediba, 2020). This,
therefore, necessitates the remediation of soils highly pollutedwith
HM in the view of their hazardous effects on the eco-system.

The remediation of HM in soils is a naturally occurring phe-
nomenon where soil microorganisms and plants modify the
ecological effect of HM (Park et al., 2011). However, two major
scientific approaches have been employed for the removal or
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extraction of HM from soil: (i) washing method and (ii) HM
reduction by in-situ techniques, where the later technique has been
used for reducing the toxicity of HMs in different soils (Shi et al.,
2009). For HM remediation, various organic amendments or addi-
tives, and/or phytoremediation either alone or in combination have
been intensively worked-out by researchers world-wide, and the
phytoremediation approach as in situ HM remediation is consid-
ered as economical and environment-friendly (Shah and Daverey,
2020). Utilizing the plants of different growth forms for HM
clean-up process is referred to as phytoremediation, popularly
experimented to remediate polluted environment (Bian et al., 2018;
Bian et al., 2019).

Phytoremediation of HMs in soils can be categorized into four
major routes: (i) uptake of HM, (ii) bioaccumulation of HM, (iii) in
situ inactivation or immobilization of HM, (iv) minimizing the
bioavailability and external transport of HM, and (v) transformation
of volatile forms and discharge into the atmosphere (Shah and
Daverey, 2020). A variety of amendments are also applied to
improve the extractability of HM along with microbial agents
(Manoj et al., 2020). In this context, as an improvement option for
HM remediation, biochar derived from various bio-wastes is gain-
ing momentum (Harindintwali et al., 2020; Fan et al., 2020). Bio-
char e a pyrolysis product of biomass, because of its high surface
area with many active sites, is used for various environmental ap-
plications especially as a soil amendment to remediate HM (He
et al., 2019). The nature of raw materials used for the production
of biochar and milieu of pyrolysis are the major factors influencing
the attributes of biochar-metal binding apart from the soil prop-
erties when applied (Qi et al., 2017).

The biochar-HM remediation and phytoremediation occur
through several mechanisms as outlined in Table 1 and the studies
concerned with biochar assisted phytoremediation to show great
variation in HMbinding, uptake, accumulation and volatilization by
the plants. Each study in this respect reports for the separate
mechanism of HM-phytoremediation, it is difficult to understand
the underlyingmechanisms to elaborate the application to the field
level.

Hence, the aim of the study investigates the synergistic effects of
EDTA and biochar on phytoremediation of Pb contaminated soil.
Also, the growth and phytoremediation potentials of B. juncea in Pb
treated EDTA-BC amended soils were studied. In addition, the plant
chlorophyll, lipid peroxidation activity, SOD, POD, CAT activity and
soil enzyme activity were studied. Besides, the effects of EDTA and
BC amendments on the antioxidant activity of B. juncea and soil
enzymatic activities were also evaluated. This study highlights that
the combined effects of BC and EDTA were the effective option for
the remediation of Pb contaminated soil as compared individual
amendments.

2. Materials and methods

2.1. Characterization of soil sample

The topsoil samples used in this study were collected from the
campus of Mahendra Arts and Science college, Kalippatti, Tamil
Nadu, India and dried in air at 37 �C, thoroughly mixed and ground.
To ensure the removal of large debris to get a more homogeneous
portion, the soil was separated via 1e2 mm sieve for further study.
The sieved soil samples were sterilized under steam pressure for
15min at 121 �C under 100 Pa of force and permitted become stable
of the soil (Govarthanan et al., 2016). The physico-chemical nature
of the study soil was estimated by using the standard methods
(Gaudette et al., 1974; Helmke and Sparks, 1996; Thomas, 1996).
Then the soil was unnaturally polluted with 100 mg/kg of Pb.

2.2. Biochar preparation

Neem tree wood logs were collected from the local village and
air-dried, washed with double purified water to eliminate the im-
purities attached on the exterior of the wooden pieces and cut into
small pieces (~5e10 cm) using a motorized chopper and sieved
through 0.5e0.6 mm sieve and stored. Then the feedstock was
pyrolyzed (5 �C/min) at 500 �C for 2 h in a muffle furnace (BF51732
BPMC-1, Thermo Scientific, USA) to get biochar. The obtained BC

Table 1
Biochar assisted remediation of heavy metals in soil.

Test soil Source of
contamination

Heavy
metal(s)

Assisted remediation/Phytoremediation Impact/Possible mechanism Reference

Contaminated
soil

Crop field soil
having higher
levels of Cd and Pb

Cd, Pb By amending biochar derived from thiol-
modified rice straw

Complexation of metal ions on the surface of biochar is prosperous
with thiol groups; Surface complexation with Cd2þ and Pb2þ is
highlighted.

Fan et al.
(2020)

Agricultural
top soil

PbeZn Mine Pb, Cd,
Cu

Co-pyrolysis biochar of rape straw and
orthophosphate

Phosphate and hydroxyl groups in biochar directly formed
complex with metals

Gao et al.
(2020)

Purple soil
from
vegetable
soil

Experimental Hg Various chemical enhancer assisted
phytoremediation of Hg contaminated soil
by Oxalis corniculata.

Sodium thiosulphate as enhancer showed potential recovery and
reclaim of Hg contaminated soil by Oxalis corniculata. Enhancers
did not affect the microbial species diversity in soil.

Liu et al.
(2018)

Mine tailings Surface soil of
mine tailings

Cu, Zn,
Pb, Cd,
Mn, Hg

Biochar/attapulgi assisted multi-metal
phytoextraction by Solanum nigrum.

Main system involved: cationic exchange/adsorption for
attapulgite/biochar amendment.

Li et al.
(2019)

Vegetation soil Experimental Cd Nanoscale zerovalent iron and biochar
enabled phytoremediation with Trifolium
repens.

Optimum combination of zerovalent iron (300 mg/kg) and biochar
(2.5%) improved the Cd accumulation capacity of the plant.

Zand
et al.
(2020)

Contaminated
soil

Acidic mine waste Al, Pb,
Cu, Cr

Lemon grass (Cymbopogon flexuosus) waste
biochar aided phytoremediation by
palmarosa (Cymbopogon martini)

Biochar evidenced liming and immobilization of acidic mine soil
and also strengthened the phytoremediation of palmarosa.

Jain et al.
(2020)

Crop field soil Experimental Cd Cornstalk biochar amendment for
phytoremediation of Cd in Beta vulgaris.

Biochar (5%) enhanced the Cd accumulation in Beta vulgaris;
Protein and pectin were the vital Cd binding sites of cell walls of
Beta vulgaris roots.

Gu et al.
(2020)

Contaminated
soil

Mining Pb, Cd,
As, Zn

Biochar assisted phytoremediation with
Helianthus annuus.

Biochar addition significantly enhanced heavy metal remediation
by the plant

Jun et al.
(2020)

Technosol Former tin mine
extraction site

As Biochar-iron sulphate assisted
phytoremediation of As by Salicaceae
species.

The effect of biochar and iron sulphate amendment on As removal
is dependent on application strata, amendment characteristics and
plant species.

Simiele
et al.
(2020)
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was further desiccated at 60 �C and stored in an air-tight container
for further use.

2.3. Soil treatment and pot experiments

B. juncea L., seeds were surface decontaminated by submerging
them in 95% ethyl alcohol solution for 5 min; then the seeds were
sterilized into 5% sodium hypochlorite solution for 10 min, and
finally rinsed with disinfected distilled water. The seeds were kept
in Petri dishes filled with double distilled water and were allowed
to grow at room temperature for 2e3 days. After germination, 10
seedlings were transferred to a plastic pot (22 � 26) filled with
250 g of Pb contaminated soil. The pot experiments were conducted
with three replicates as follows.

(i) Control soil treated with Pb
(ii) Pb contaminated soil amended with BC (5%)
(iii) Pb contaminated soil with EDTA (100 mM)
(iv) Pb contaminated soil with BC (5%) and EDTA (100 mM).

The soil humidity was maintained at 60% of water holding
capability. After 4 weeks of cultivation, the B. juncea plants were
harvested. The roots, shoots and leaves of the B. juncea were
washed and separated. Plant biomass and chlorophyll content were
analyzed. Plant samples were dried at 70e80 �C followed by nitric
acid digestion and used to investigate Pb accumulation using
inductively coupled plasma mass spectrometry (ICP) (150-00191-1,
Rev. A, Leemans Labs, USA). Fresh samples of B. junceawere used to
investigate the plant biochemical parameters such as antioxidants
and malondialdehyde (MDA) activity. Treated soils were collected
and used to estimate the soil enzyme activities.

2.4. Determination of plant chlorophyll and lipid peroxidation
activity

Chlorophyll concentrations in the fresh B. juncea were analyzed
according toMetzner et al. (1965) and the absorbancewas recorded
at 480, 645 and 663 nm by UVeVis spectrophotometer using 85%
acetone as blank. The level of lipid peroxidation activity was
determined by estimating MDA using thio-barbitutric acid method
according to Heath and Packer (1968). The optical absorbance was
recorded at 532 nm and the MDA content was calculated from the
extinction coefficient of 155 mM�1cm�1.

2.5. Estimation of SOD, POD and CAT activity

Superoxide dismutase (SOD) activity was determined according
to Dhindsa et al. (1981) at 560 nm. Unit of SOD activity was
calculated as the amount of SOD required to generate 50% inhibi-
tion of reduction of NBT. Peroxidase (POD) activity was measured
according to Castillo et al. (1984) at 470 nm and POD activity was
defined as an absorbance change of 0.001 U/min. Catalase (CAT)
activity was estimated according to Piero et al. (1980) at 240 nm.
CAR catalyzing the decomposition of 1 mmol of H2O2/min is
calculated as one unit.

2.6. Influence of EDTA and BC on soil enzyme activity

Soil catalase was determined according to Wu et al. (2006) by
KMnO4 titration method and the activity was defined as in mL of
0.1 mol/L KMnO4 consumed per unit weight of soil after 15 min.
Urease was estimated by sodium phenol colorimetric and the ac-
tivity was expressed in mg of NH3eN per unit weight of soil after
24 h. The acid and alkaline phosphatase activities were determined
by using phenylene disodium phosphate colorimetric assay and

expressed as the production of p-nitrophenol (p-nitrophenol mg/
(g.h)).

2.7. Statistical analysis

The experimental investigations of this study were mean values
of triplicates, and the standard deviation was applied to investigate
the data. The statistical analysis was carried using Microsoft excel
(2010).

3. Results and discussion

3.1. Physico-chemical characteristics of the study soil and growth of
B. juncea

The physico-chemical characteristics of the study soil were
represented in Table 2. The soil pH (6.89) indicates that the soil was
the almost neutral condition and contains 7.5% organic carbon.
Lebrun et al. (2017) investigated that the application of BC and
EDTAwas not affected by soil pH. However, the organic carbon was
slightly increased in the amended soil (data not shown). It has been
reported that plant biomass is a key feature that establishes the
achievement of metal phytoextraction (Praburaman et al., 2016).
Also, the propensity of HMs to reduce the biomass of plants by
changing the biochemical and physiological procedures are well
recognized. Therefore, the influence of BC and EDTA on the biomass
of B. juncea cultivated in Pb contaminated soil was evaluated
(Fig. 1). The results designated that the addition of BC and EDTA
significantly increased the biomass of B. juncea. The biochar alone
treated plants showed 6.35 g/pot biomass however, EDTA treated
pots showed 5.9 g/pot. The combination of BC and EDTA showed
enhanced biomass of 10.2 g/pot. It has been observed that the
combined treatment of BC and EDTA significantly increased the
total biomass of the plants. The order of the increased biomass
under Pb stress with the amendments was found to be BC þ EDTA ˃
BC ˃ EDTA ˃ control. Houben et al. (2013) identified that the biochar
amendment showed higher biomass of the plants cultivated under
Zn, Pb and Cd stress. It has been well reported that EDTA has been
shown potential chelating agent to enhance the biomass and sol-
ubility of HMs in soil and their phytoavialability to plants (Saifullah
et al., 2009). Several studies have been reported that the assistance
of EDTA, non-hyperaccumulator species such as pea (Piechalak
et al., 2003), corn (Hovsepyan and Greipsson, 2005), sunflower,
tobacco and vetiver (Boonyappkana et al., 2005) with high biomass
have been investigated for phytoextraction. However, the combi-
nation of BC and EDTA on phytoremediation of heavy metals has
not been reported.

3.2. Chlorophyll and lipid peroxidation products

The EDTA and BC considerably amplified the chlorophyll content
in B. juncea. (Fig. 2). The increase in the total chlorophyll content
was observed in the combined application of BC and EDTA

Table 2
Physico-chemical properties of the soil.

Soil parameters value

Organic matter (%) 7.5
Ca (meg/100 g) 6.25 ± 0.4
Na (meg/100 g) 56 ± 1.0
NH4 (meg/100 g) 32.5 ± 1.5
K (meg/100 g) 38.2 ± 1.8
pH 6.89
EC (ms/m) 0.62
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(22.2mg/g) compared to the individual amendment of BC (12.8mg/
g) and EDTA (12.2 mg/g) respectively. The visual observations
indicated that small chlorotic acne on the leaves of B. juncea was
reported due to the effect of Pb in soil. However, Ali et al. (2020)
observed that the biochar significantly abridged the pollutant
stress on plants and enhanced chlorophyll content of the plants.
Also, Saleem et al. (2020) observed that the EDTA plays a key role in
the enhanced concentration of chlorophyll under pollutant stress
environment. Increase of photosynthetic pigments by EDTA may
cause additional efficient conversion of light in the photochemical
reactions, leads enhancing plant growth and biomass Saleem et al.,
2020. These results are reliable with our investigations by the
addition of BC and EDTA significantly enhances the chlorophyll
content under Pb stress environment.

Also, the effects of BC and EDTA on MDA content in Pb stressed
B.juncea plants were also investigated. MDA is a product of lipid
peroxidation caused by oxidative damage in B. juncea. The indi-
vidual application of BC and/or EDTA extensively decreased the
MDA content in the plant system (Fig. 3). Whereas, the combined
application of EDTA and BC showed drastic MDA decrease
compared to the individual application. Saleem et al. (2020)

observed that the application of EDTA decreases the MDA content
in the plant system.

3.3. Influence of EDTA and biochar on Pb uptake by B. juncea

EDTA and biochar application significantly influenced the up-
take of Pb in B. juncea (Fig. 4). The results indicated that the indi-
vidual application of EDTA (23.5 mg/g) and biochar (22.0 mg/g)
significantly increased the Pb uptake by B. juncea. Conversely, the
combination of EDTA and biochar showed enhanced Pb uptake
(60.2 mg/g). The order of Pb uptake was found to be BC þ EDTA
(60.2 mg/g) ˃ EDTA (23.5 mg/g) ˃ BC (22. 0 mg/g) ˃ control (10.0 mg/
g). So far, numerous studies investigated that the application of
EDTA enhances heavymetal accumulation in B. napus (Afshan et al.,
2015) H. annus (Azhar et al., 2006) in the polluted soil. Ali et al.
(2020) observed the enhanced Pb uptake by the addition of bio-
char. The findings indicated that the combination of BC and EDTA
greatly influence the Pb uptake by B. juncea.

3.4. Influence of EDTA and biochar on plant antioxidants

The abiotic HM stress significantly influences the production of
ROS, which damage the plant system. The changes in the SOD, POD

Fig. 1. Influence of BC and EDTA on the biomass of B. juncea cultivated in Pb
contaminated soil.

Fig. 2. Effect of BC and EDTA on total chlorophyll contents of B. juncea cultivated in Pb
contaminated soil.

Fig. 3. Effect of BC and EDTA on lipid peroxidation (MDA) activity of B. juncea culti-
vated in Pb contaminated soil.

Fig. 4. Influence of BC and EDTA on Pb uptake B. juncea cultivated in Pb contaminated
soil.
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and CAT activities under Pb stressed B. juncea following individual
and/or combination of BC and EDTA were studied. SOD, POD and
CAT were improved compared to the control (Table 3). The
maximum activity of SOD (35.2 ± 1.2 U/mg), POD (47.0 ± 1.8 U/mg)
and CAT (28.0 ± 1.0 U/mg)was obtained in the combination of EDTA
and BC. Ali et al. (2020) reported a maximum increase of antioxi-
dant enzymes in the application of biochar. It has been reported
that under a stress environment, maximum antioxidant ability
averts damages from the formation of reactive ROS. Furthermore,
EDTA is significantly dropping the oxidative pressure created by Pb
and helps the plants fight against oxidative stress and facilitate the
quick revival of plants (Afshan et al., 2015). Habiba et al. (2015)

reported that the EDTA enhanced antioxidants and reduced the
oxidative stress by lowering MDA activity. The results are consis-
tent with our study by increasing antioxidant enzymes and
lowering MDA content in the B. juncea plant system.

3.5. Effect of BC and EDTA on soil enzyme activity

Soil enzymes plays a major role to make possible biochemical
pathways, decomposition of natural matter and conversion,
detoxification of contaminants, synthesis key products for plants
and microbes and sustain soil structure (Ma et al., 2015; Gul et al.,
2015). Thus, the enzyme activities were estimated and represented
in Fig. 5 (a& b). The enzyme results indicated that the application of
EDTA and biochar significantly increased enzyme activities than the
control. The increase in phosphatase activity might liberate
organophosphorus complex in soil hydrolysis for the growth of
plants (Zhang et al., 2014).

4. Conclusion

The present investigation is designed to evaluate the potential of
Pb phytoextraction from artificially polluted soil by B. juncea and
investigated the influence of BC and EDTA amendments on
enhanced Pb accumulation. The BC and EDTA amendment
enhanced the growth and survival of B. juncea under Pb stress
environment. BC and EDTA significantly increased the biomass of
B. juncea and significantly increased the total chlorophyll content in
the combined amendment of BC and EDTA (22.2mg/g) compared to
the individual amendment of BC (12.8 mg/g) and EDTA (12.2 mg/g)
respectively. Furthermore, the decrease of Pb toxicity and oxidative
stress was observed by the reduction of malondialdehyde. In light
of our study, Pb in contaminated soil could be eliminating by BC and
EDTA. This research provides sympathetic support for the com-
bined applicationwith accumulators to remediate Pb contaminated
environment and proves this synergistic approach is practicable
and promising.
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h i g h l i g h t s g r a p h i c a l a b s t r a c t

� Staphylococcus epidermidis EVR4
identified as efficient biosurfactant
producing bacteria

� EVR4 degrades the nonane (C9) to
tricosane (C23) completely and 85%
and 47% of pentacosane and octaco-
sane respectively

� EVR4 was found to degrade the diesel
with a maximum degradation effi-
ciency of 96% within 4 days

� The degradation efficiency was due
to the synergistic role of bio-
surfactant and catabolic enzymes
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a b s t r a c t

The present study integrated the electrokinetic (EK) with bioremediation (Bioelectrokinetic -BEK) of
diesel hydrocarbon by Staphylococcus epidermidis EVR4. It was identified as efficient biosurfactant pro-
ducing bacteria and growth parameters was optimized using response surface methodology. Upon
degradation, there is a complete disappearance of peaks from nonane (C9) to tricosane (C23) and 85%, 47%
of degradation of pentacosane and octacosane respectively. Marine bacterial strain, EVR4 was found to be
potential to degrade the diesel with a maximum degradation efficiency of 96% within 4 d, which was due
to its synergistic role of biosurfactant and catabolic enzymes (dehydrogenase, catalase and cytochrome
C). The application of integrated BEK was an effective insitu method for the remediation of diesel
contaminated soil by BEK (84%) than EK (67%). EVR4 as an effective strain can be employed for BIO-EK
method to clean the diesel hydrocarbon polluted environment.
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1. Introduction

Hydrocarbon is considered as the primary energy source and
one of the major achievements made by a modern human. It is
majorly used for transportation purposes throughout the world
thus contributing a major cause for the environmental air/water
pollution. Due to the demanding fuel need, there are many petro-
chemical industries flourishing all over the world. Among the hy-
drocarbons, diesel oil is composed of a complex mixture of alkanes
and alkenes. Diesel oil is continuously reported as the major soil
pollutant due to the diesel oil spillage during transportation and
pipeline leakage or the leakage from the storage tanks (Hewelke
et al., 2018). Oil spills occur frequently during refinery produc-
tion, storage, processing, transportation, etc. Diesel oil/diesel
exhaust is regarded as a potent human carcinogen (lung cancer).
Diesel exhaust is the complex mixture of particles or gaseous phase
of diesel oil.

Diesel oil exposure leads to eczema, blisters, and burns. Inha-
lation of diesel vapour causes headache, vomiting, fever, nausea
and dizziness in humans (Chilcott, 2006). Physical, chemical,
bioremediation, electrokinetic remediation and phytoremediation
are the most common methods employed for hydrocarbon reme-
diation (Harekrushna and Kumar 2012; Yao et al., 2012). Among
other methods, bioremediation is reported as a promising, cost
effective, environmental friendly approach to remediate hydro-
carbon contaminated sites (Shahsavari et al., 2017). During degra-
dation, microorganism uses hydrocarbons as a sole carbon source
for their living and for their synthesis of cellular components
(Coelho et al., 2015). This mechanism involves the conversion of
highly toxic pollutants into less toxic form ie., complex organic
molecules into a simpler form which can be easily assimilated by
the microbes (Coelho et al., 2015).

Hydrocarbon degrading microorganisms are ubiquitous in the
marine environment and the relevant published papers of marine
organisms employed towards hydrocarbon/diesel degradation are
mentioned in Table 1. The major limitation of hydrocarbon
biodegradation is that it takes a longer period of time, low effi-
ciency of microbes, which makes it more difficult to remove hy-
drocarbons bounded to the soil (Barathi and Vasudevan, 2001;
Sharma and Reddy, 2004). According to these reports, the per-
centage of degradation was also considerably low with a long time
period. However, microbes producing surface active agents known
as biosurfactants were considered to be effective in degrading hy-
drocarbons (Xue et al., 2019; Pi et al., 2017). It has been reported to
exhibit high degradability with low toxicity and environmental
friendly remediation strategy (Vijayakumar and Saravanan, 2015;
Rajasekar et al., 2007a, 2007b). They were also found to be effective
against extreme conditions such as pH, temperature and salinity
(Pacwa-Płociniczak et al., 2011).

Along with biosurfactants, microbial enzymes also play a vital
role in the biodegradation of diesel. It is reported to enhance
bioremediation to several folds (Abatenh et al., 2017). But,
screening of the enzymes involved in the degradation is much
needed (Peixoto et al., 2011). Apart from their catabolic role, en-
zymes should also get adapted to the specific environmental con-
ditions to achieve better biodegradation. Employing microbial
enzymes is reported to be environmental friendly and cost effective
(Karigar and Rao, 2011). These enzymes are secreted both intra-
cellularly and extracellularly by many bacteria. So, screening of
potent microbes with biosurfactant characteristics and catabolic
enzyme production is of high research interest.

Electrokinetic (EK) remediation and Bioelectrokinetic (BEK)
remediation is an in-situ remediation method used for soil pol-
lutants (Yuan and Chiang, 2008). EK is a feasible method in polluted
soil (Guo et al., 2014). Many studies have been reported that EK

remediation effectively removes heavy metals in soil with low
conductivity (Lukman et al., 2013). It is the cost effective technology
to remediate different types of pollutants (Reddy, 2010). Bio-
electrokinetic remediation involves the combination of biological/
biotechnological remediation and electrokinetic remediation. It is
more efficient than EK method due to the addition of microbes (Ma
et al., 2018). EK and BEK remediation was carried out with direct
current (DC), pH fluctuation was carefully monitored in BEK (Li
et al., 2016) because maximum microbes do not survive in high
acidic or alkaline condition (Gonzini et al., 2010). EK stimulates
electroosmosis, electromigration and electrophoresis (Virkutyte
et al., 2002). In low permeability soil microorganism migration
will be increased (Wick et al., 2004).

The main objective of the study as follows.

� To optimizethe biosurfactant production for enhanced degra-
dation using Response surface methodology (RSM)

� To elucidate the role of enzymes, such as, dehydrogenase,
catalase and cytochrome C involved in diesel degradation

� To study the electrokinetic (EK) and bioelectrokinetic remedia-
tion (BEK)

� To characterize diesel degradation using Fourier-transform
infrared spectroscopy (FT-IR) and Gas chromatography-mass
spectrometry (GC-MS)

� To elucidate the probable mechanism of the degradation and to
identify the degraded metabolites

2. Materials and methods

2.1. Isolation, screening, and identification of hydrocarbon
degrading microorganisms

2.1.1. Sample collection
Themarine sediment samplewas collected from the Pichavaram

mangrove forest located at Chidambaram, CuddaloreDist, Tamil-
Nadu, India (longitude 79.7955, latitude 11.4348), and the sampling
site was shown in S1. The sediment sample was collected using a
clean sterile container and later transported to the laboratory and
stored at 4 �C.

2.1.2. Isolation and identification
Diesel degrading bacteria was isolated using Zobell marine agar

(ZMA). The pH of the medium was adjusted to (pH 7.6 ± 0.2) and
sterilized at 121 �C for 20 min 1 g of marine sediment sample was
weighed and subjected to serial dilution using sterile marine
seawater. Spread plate and pour plate techniquewere carried out to
obtain individual colonies. Distinct colonies with dissimilar
morphology were selected and cultured separately. Initially, the
selected colonies were characterized by biochemical methods
adopted from Bergey’s manual. Molecular characterization by 16 S
rRNA identification was performed as described by Bergey et al.,
1994, DNA isolation protocol was carried out as mentioned in
Ausubel et al., 1988. Amplification of DNA fragment was carried out
using PCR. Forward primer 50-CAGGCCTAACACATGCAAGTC-30 and
reverse primer 50-GGCGGATGTGTACAAGGC-3’. Big dye terminator
version 3.1 was used for sequencing reaction and the sequence was
carried out using ABI 3130 genetic analyzer. Similar sequences are
determined using BLAST through NCBI (Altschul et al., 1990). The
phylogenetic tree was constructed using TREEVIEW software
version 3.0.

2.2. Bacterial growth studies

The experimental study was carried out using Bushnell Haas
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(BH) media (composition g/L: MgSO4-0.2, CaCl2-0.02, KH2PO4-1.0,
K2HPO4-1.0, NH4eNO3-1.0, FeCl3-0.05, pH-7.0) supplemented with
1% of sterile diesel oil as a sole carbon source. Diesel oil was filter
sterilized using 0.22 mm pore sized membrane filter. Diesel
degrading bacteria was screened on the basis of utilization of diesel
as their sole carbon source which was reflected in the respective
optical density (OD) measured at 600 nm as reported in earlier
studies (Borah and Yadav, 2014; Selvi et al., 2014) and to distinguish
whether the bacteria is dead or alive it was cultured in a freshly
prepared ZMA plate.

2.3. Screening for biosurfactant production

The isolated bacterium was screened for the production of
biosurfactant by performing the standard protocol assays reported
elsewhere (Parthipan et al., 2017; Thavasi et al., 2011). Tests viz.,
Drop collapse, oil dispersion, emulsification assay, emulsification
index (E24%) and BATH (bacterial adherence to hydrocarbon) assay
were performed (Rosenberg, 1984).

2.4. Optimization of diesel degradation by response surface
methodology (RSM)

Optimization of experimental parameters for diesel degradation
process includes 3 factors of different ranges, pH (5.0e9.0), inoc-
ulum dosage (2, 4 and 6% (v/v)), diesel oil concentration (2, 4 and 6%
(v/v)) were studied by RSM using Design expert statistical software
(v11, Stat-Ease Inc., Minneapolis, MN,USA) approach (Selvi et al.,
2015; Selvi and Aruliah, 2018). The range of each factor was fixed
based on the preliminary experiments. The data analysis was car-
ried out based on the quadratic model approach with an interaction
of a single factor at a time at three different levelsþ1, 0 and�1. The
diesel degradation (%) was fixed as a response variable, R1. The
experimental design comprised of 17 runs. The validity of the
model and the output responsewas analysed based on the ANOVA
(Analysis of variance) results and 3D contour plots.

2.5. Biodegradation of diesel hydrocarbons

100 ml of BH medium was prepared with an optimized pH of

Table 1
List of marine organisms involved in hydrocarbon degradation from the literatures.

S.No Marine Species Type of hydrocarbondegradation References Percentage of degradation Incubation
period

1 Alcanivorax borkumensis SK2 Hydrocarbon/oil degrading bacteria Kadri et al. (2018) 75% 72 h
2 Marinobacter aquaeolei Huu et al. (1999) Saturated hydrocarbons- 41% aromatic

hydrocarbons- 52%
7 days

3 Alcanivorax sp. Brooijmans et al.
(2009)

NA NA
4 Oleiphilus,
5 Thalassolituus,
6 Marinobacter algicola DG893
7 Oceanicaulis

alexandrii HTCC2633
8 Oleispira,
9 Cycloclasticus pugetii PS-1 Dyksterhouse et al.

(1995)
NA NA

10 Achromobacter Petroleum degradation microorganis Xue et al. (2015) NA NA
11 Acinetobacter
12 Alcaligenes
13 Archrobacter
14 Bacillus Aromatic hydrocarbon- 80% aliphatic

hydrocarbon- 37%15 Corynebacterium
16 Pseudomonas
17 Flavobacterium NA
18 Coryneforms
19 Micrococcus
20 Microbacterium
21 Actinomycetes
22 Nocardia
23 Aureobasidium
24 Candida
25 Rhodotorula
26 Sporobolomyces
27 Aspergillus Petroleum degradation microorganism

(Fungus)
NA

28 Mucor
29 Fusarium
30 Penicilium
31 Ochrobactrum sp. N1 Crude oil degradation Bao et al. (2012) 51.1% 144 days
32 Brevibacillusparabrevis
32 Alcanivorax dieselolei Oil degradation Kostka et al. (2011) NA NA
33 Acinetobacter sp
34 Pseudidiomarina maritime
35 Marinobacter

hydrocarbonoclasticus
36 Vibrio hepatarius
37 C. elegans Crude oil degradation Cerniglia and Perry

(2007)
91% 10 days

38 Penicillium sp. 92%
39 A versicolor NA NA
40 C acremonium

NA e not available.

J. Vaishnavi, S. Devanesan, M.S. AlSalhi et al. Chemosphere 264 (2021) 128377

3



8.0, inoculum dosage of 4%, diesel oil concentration of 2% in a
250 ml Erlen Meyer flask and was incubated at 37 �C for 4 d in an
orbital shaker. At the end of the 4th day, the residual diesel oil was
extracted by shaking with an equal volume of n-hexane in a
separating funnel (Adebusoye et al., 2007). The organic phase was
extracted and evaporated in a hot air oven at 80 �C for 30 min. The
resultant diesel oil was dissolved in n-hexane and used for char-
acterization studies (Rajasekar et al., 2007a). Abiotic control flask
containing the same components except the organism was also
maintained along with the test flasks. All the experiments were
carried out in duplicates.

2.6. Characterization of diesel oil degraded metabolites

2.6.1. Fourier-transform infrared (FTIR) spectroscopy
The breakdown of diesel into different new compounds can be

analysed by noting the disappearance and appearance of major IR
peaks in the FTIR spectra of diesel and its corresponding degraded
product. After degradation, the residual diesel oil was collected
following the protocol mentioned in the above section and ana-
lysed by FT-IR (Shimadzu, (Model No. 6500). The range was
maintained between 4000 and 400 cm�1 (Rajasekar et al., 2007a).

2.6.2. Gas chromatographyemass spectrometry (GC-MS)
The degraded metabolites of diesel oil degradation were ana-

lysed using GC-MS (PerkinElmer, Clarus 680, equipped with Turbo
mass software, ver 5.4.2). The residual diesel obtained after the
degradation was dissolved in n-hexane. The sample was injected
into the columnwith the injector temperature, set at 260 �C during
chromatography run. Helium gas was used as a carrier at a flow rate
maintained at 1.0 ml/min. The temperature was set at 60 �Ce300 �C
at the speed of 10 �C/min and hold at 6 min. The total run time was
32 min. The compounds were identified using National Institute of
Standards and Technology (NIST) library. The diesel oil degradation
was expressed in percentage on comparing with the diesel oil
present in abiotic control. The percentage of diesel degradation
efficiency (%) was calculated using the following formula as
described by Rajasekar et al., 2008).

As � 100
Ac

� 100

As, sum of the area of the sample peak, Ac, Sum of the area of the
abiotic control peak.

2.7. Enzyme studies

During the diesel degradation, supernatant was collected and
centrifuged at 8000 rpm for 10 min and the supernatant was
carefully aspirated out for dehydrogenase and catalase assay. The
pellets were used to assay cytochrome C oxidase activity (Xue et al.,
2017a, 2017b; Wu et al., 2016; Chandran and Das, 2012).

2.7.1. Assay of dehydrogenase activity
2 ml of supernatant was added into a separate tube containing

2 ml of tris Hcl buffer, 2 ml of glucose solution (0.1 M) and 2 ml of
Triphenyl tetrazolium chloride (TTC) (0.5%) and incubated at 37 �C
for 5 h. A small amount of sulphuric acid was added to stop the
reaction. 5 ml of ethanol was added, shaken well and allowed to
stand for 20min. The upper layer was removed to determine the
dehydrogenase activity as described earlier (Xue et al., 2017;
Pramila et al., 2014).

2.7.2. Assay of catalase activity
100 ml cell free broth was added into a separate tube containing

1000 ml of standard hydrogen peroxide (H2O2) solution. The
mixture was vortexed and incubated at 37 �C for 3 min.
Dichromate-acetic acid was added to stop the reaction further and
the above mixture was heated to reduce dichromate in the pres-
ence of remaining H2O2. The remaining chromic acetate was
measured at 570 nm as described earlier (Busalmen et al., 2002).

2.7.3. Assay of cytochrome C oxidase
The cell pellet was dissolved in phosphate buffer saline (pH 7.4)

until the OD reached 1.0. 3 ml of the dissolved pellet was added into
a separate tube containing few crystals of sodium dithionite or
sodium hydrosulfite and the absorbance was measured at 554 nm
as described earlier (Wen et al., 2018).

2.8. Electrokinetic study

2.8.1. Spiking of soil sample
The soil sample was collected from Serkkadu (13.0254�N,

79.2028�E), Vellore district, Tamil Nadu, India. The soil sample was
air dried at room temperature andwas sieved using 3mmpore size.
The soil was weighed and autoclaved at 121 �C for 20 min. The
autoclaved soil was cooled at room temperature. Diesel oil was
spiked into 500 g of soil at the concentration of 5 g of diesel and
20 ml of n-hexane [1:1 (v/v)], the diesel oil concentration of soil
after evaporation was approximately 10 g/kg as mentioned in Song
et al., (2018).

2.8.2. Electrokinetic cell setup
EK cell made of acrylic sheet with the measurement of L

10cm � W 4.0cm � H 7.0 cm and it includes DC power supply and
titanium electrodes. The EK cell was divided into three equal parts
by the two acrylic fritted membranes. The middle compartment
was filled with spiked soil mixed with 1% bacterial pellet for BEK
experiment and without bacterial serves as a control. The other two
compartments are filled with electrolytes (2% NaCl). Two titanium
electrodes was immersed in the electrolyte filled chamber which
served as anode and cathode. Direct current (DC) power supply was
used to monitor the electric current (voltage) during the experi-
ments (Sarankumar et al., 2019 ) as mentioned in S2.

2.8.3. EK and BEK remediation
EK and BEK experiments were simultaneously conducted in an

acrylic EK cell. The diesel oil spiked soil (EK)and 1% bacterial pellet
mixed diesel spiked soil (BEK) was separately packed into a soil
compartment and the electrolyte was chosen as 2% NaCl (Song
et al., 2018) and it was added into anodic and cathodic compart-
ments. The electric potential gradient of 2 V was fixed. The exper-
iment was carried for 4 d. The electric current and pH was
monitored during the incubation period. COD and TOC was further
analysed to check the reduction.

2.8.4. Total organic content (TOC)
0.5 g of EK and BEK soil was weighed and transferred into a

500 ml conical flask to that 10 ml of 1 N K2Cr2O7 was added and
mixed well, 20 ml of conc. H2SO4 was added to the above mixture
and gentle mixing was done to ensure complete contact. The con-
tent was left undisturbed for 30 min. After incubation, 200 ml of
distilled water was added to it 10 ml of 85% phosphoric acid and
diphenylamine indicator was added. This solution was titrated
against 0.5 N ferrous ammonium sulphate. The colour is dull green
at the beginning and shifts to blue and the end point is bright green
colour (Mook et al., 2012).

2.8.5. Chemical oxygen demand
10 ml of cathodic electrolyte was collected from EK and BEK
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remediation system to that 200 ml of distilled water was added to
dilute the sample. To the reflux flask 10 ml of std potassium di-
chromate, 0.2 g of mercury sulphate, 0.2 g of silver sulphate and
20 ml of diluted sample was added. 30 ml of sulphuric acid was
slowly added to the above mixture. The contents were then mixed
and the flask was connected to the condenser of the reflux appa-
ratus (COD digester) and reflux for 2hrs. Wait for the flask to come
down to the room temperature and titrate it against ferrous
ammonium sulphate using ferroin as indicator,colour change from
blue green to red indicates the endpoint (Dubber and Gray, 2010).

3. Results and discussion

3.1. Isolation and identification of marine bacterial isolates

An indigenous bacterial strain, EVR4 was isolated from marine
sediment samples of Pichavaram mangrove forest, Chidambaram,
Cuddalore dist. Totally five diesel degrading bacteria viz., EVR3,
EVR4, EVR5, EVR7 and EVR8 were isolated by culturing in Zobell
marine agar (ZMA) plates. On the basis of hydrocarbon utilization,
the isolate, EVR4 was chosen for further studies. Among five iso-
lates, EVR4 colonies were white, cocci-shaped, cohesive, and raised
with 1e2 mm dia in size. Further, the identification by biochemical
tests showed positive for Grams staining, capsule staining, catalase,
Voges-proskauer and sugar fermentation. And the negative results
were observed for oxidase and methyl red. The biochemical results
of all the isolates are shown in S3. The molecular analysis of 16 S
rRNAwas done for all the selected isolates. BLAST analysis revealed
the phylogenetic relatedness of the close identity species of 100%
similarity with Staphylococcus epidermidis strain, SRB-148 (Acc.no.
MF594031.1). Hence, the EVR4 strain is identified asStaphylococcus
epidermidis. Likewise, all other isolates were analysed by BLASTand
the obtained FASTA nucleotide sequences of 16SrRNA been
deposited in GenBank database with their identified names and
accession numbers as follows, Enterococcus faecium EVR3 (Acc. No.
MK377295.1), Staphylococcus epidermidis EVR4 (Acc. No.

MK377296.1), Vibrio alginilyticusEVR5 (Acc, no. MK377297.1), Ba-
cillus foraminisEVR7(Acc. no. MK377298.1), Bacillus haikouensi-
sEVR8 (Acc. no. MK377299.1). The phylogenetic tree showing the
evolutionary relationship between the closely identical bacterial
species is shown in Fig. 1.

3.2. Bacterial growth studies of EVR4

The results of the effect of the growth curve of EVR4 towards
diesel oil assimilation showed a standard growth curve of log phase
that lasted until 66th h, after which a stationary phase was
observed from the 72nd h and decline phase at 90th h at 600 nm.
Growth curve analysis confirmed the assimilation ability of the
strain, EVR4 as shown in S4. On further screening for the bio-
surfactant activity of EVR4, it showed positive results for all the
screening tests (S5). The cationically charged biosurfactant was
reported to attract the bacteriawith anionic charge during diesel oil
degradation (Ferradji et al., 2014). The exploration of biosurfactant
based hydrocarbon degradation has already been reported widely
(Parthipan et al., 2017). Though biosurfactant was reported to play a
vital role in hydrocarbon degradation, not many reportsare avail-
able for diesel oil, in particular (Patowary et al., 2017). In the present
study based on these revelations, the potentiality of the bio-
surfactant produced by our isolate EVR4 was explored for diesel
degradation.

3.3. Optimization of experimental parameters of diesel degradation
by RSM

RSM is an efficient statistical tool for the modeling of surface
diagram and its contour plots with the multiple variables to predict
the best result in less number of experimental trials. RSM by Box
Behnken Design (BBD) was employed in the present study to
optimize the experimental conditions such as pH, inoculum dosage
and diesel oil concentration to favour maximum diesel degradation
(Myers et al., 1995). Based on various combinations, the output

Fig. 1. Phylogenetic tree analysis of strain Enterococcus faecium EVR3 (MK377295.1), Staphylococcus epidermidis EVR4 (MK377296.1), Vibrio alginilyticus EVR5 (MK377297.1), Bacillus
foraminis EVR7 (MK377298.1), Bacillus haikouensis EVR8 (MK377299.1) and related species. Genbank/EMBL accession numbers are included in parentheses.
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response was obtained in the terms of diesel degradation per-
centage as shown in Fig. 2. In Fig 2a-f, the BBDmodel shows the 3D
contour surface diagram and its contour plots. The actual and
predicted values of the output response are analysed based on
ANOVA in Table 2. The 3D diagram of (Fig. 2aec) and contour plots
(Fig. 2def) represented the optimal value of the input variable as a
significant influence towards the diesel degradation either by
means of dependent/independent interaction with each other. The
spread of maximum red region in the contour plots inferred the
significant interaction between the factors. The design comprised
of 17 runs as mentioned in Table 3. The quadratic model of ANOVA
showed F values of 68.13, 143.95 and 22,01 for the three responses.
The significance is validated by P values, that showed <0.0001,
<0.0001 and 0.0022 which was less than 0.05 in all the responses,
thus indicating the model, significant. The adequate precision is
used to measure the signal to noise ratio. The ratio should be
greater than 4 and the adequate precision is found to be 39.080
which indicated an adequate signal. The coefficient estimate

represents the expected change in response/unit change in factor
value. When all other factors remaining constant. The VIF (Variance
inflation factors) for pH, inoculum dosage and diesel oil concen-
tration are found to be 1.0 which indicates the factors are orthog-
onal. Among the various individual factors, interaction factors and
quadratic factors A (pH), B (inoculum dosage), C (Diesel oil con-
centration), AB, AC, BC, A2, B2, C2 all were found to be significant.
Based on the coded factor, equation of BBD is derived as follows,
Diesel degradation (%)¼ 89.40þ 1.55 Aþ 2.25 Bþ 0.8787Ce1.08AB
e 0.6900AC e 0.8375 BC -7.18 A2 e 3.83 B2 e 41C2

The coded factor equation was used to make predictions about
the response and was used to identify the relative impact of the
factors. The obtained results and the statistical values were found to
rely on the same accordance. Therefore, the model was found to
validate the maximum diesel degradation by the strain EVR4.
Optimization using RSMwas already reported in other remediation
studies (Selvi et al., 2015; Selvi and Aruliah, 2018). The obtained
results of RSM software produced a detailed understanding of

Fig. 2. The 3D surface diagram and the contour plots showing the interaction between different optimized parameters with respect to diesel degradation by Staphylococcus
epidermidis EVR4.
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various interactions between the selected factors to attain effective
and maximum diesel degradation.

3.4. Fourier-transform infrared (FTIR) spectroscopy

The FTIR spectrum (Fig. 3) of uninoculated diesel oil which
served as a control showed sharp peaks at 3421 cm�1correspond-
ing to OeH aromatic stretch (Rajasekar et al., 2007a, 2007b), and a
strong peak at 2964 cm�1 belongs to OeH stretch, and at the
2931 cm�1 peak corresponds to CeH aliphatic alkane stretch, var-
iable peak at 2854 cm�1 belongs to CeH aliphatic alkane. Medium
peaks at 1458 cm�1 and 1382 cm�1 which represents the CH2 bend
and CH3 bends (Coates, 2006; Elumalai et al., 2019). A strong peak
at 1120 cm�1 belongs to CeOH stretch respectively (Fan et al.,
2012). The FTIR spectrum of the biodegraded diesel oil with
Staphylococcus epidermidis (EVR4) was compared with control as
shown in Fig. 3b., The comparison showed disappearance of sig-
nificant peaks at 2922 cm�1, and 1475 cm�1, thus indicating an
effective degradation by EVR4. In addition, there was a formation of
a new peak at 1636 cm�1 which corresponded to imine/oximine
C]N, which may be formed due to the dehydration ie. removal of
H2O molecules ( Ciaccia and Di Stefano, 2015). The peak at
1465 cm�1corresponding to CH2 has been completely disappeared.
At the same time, there was a decrease in the intensity of the peaks
at 1382 cm�1, which may be due to the reduction of CH2 to CeH
(Rajasekar et al., 2007a, 2007b). Likewise, CeOH has also been
found to be reduced to CeO (Revathy et al., 2015; Sharma et al.,
2014). The reduced intensities and disappearance of characteristic
peaks of the parent compound proved the effective biodegradation
of diesel oil by EVR4 strain.

3.5. Gas chromatography-mass spectrometry analysis

On analysing the chromatogram of diesel degradation using GC-
MS, it showed multiple peaks observed in the control system
(Fig. 4a). Significant high intensity peaks at RT 11.91 confirmed the
diesel hydrocarbon presence with the molecular formula of C14H30
(Tetradecane). On comparison with EVR4 inoculated system, most
of the higher molecular weight i. e, corresponding to peaks at (C9 e

C23) is found to be disappeared after 4 d of inoculation (Fig. 4b). The
corresponding molecular weight of the degraded metabolites was
mentioned in Table 4. Similar studies on hydrocarbon degradation

showed that in the range C14eC20 was consumed and utilized easily
by the hydrocarbon degrading bacteria as a sole carbon source
(Mishra et al., 2004; Parthipan et al., 2017). The results analysis of
the degraded metabolites was extracted from NIST libraries. On
calculating the biodegradation efficiency, a complete 100% of
degradation of C9H20e C23H48 (Nonane, Decane, Undecane,
Dodecane, Tridecane, Tetradecane, Pentadecane, Hexadecane,
Heptadecane, Octadecane, Nonadecane, Eicosane, Henicosane and
Tricosane) was achieved by the marine isolate Staphylococcus
epidermis, EVR4 as shown in Table 4. In addition, Pentacosane and
Octacosane compounds showed 85% and 47% degradation by
EVR4. Other probable degradationproducts which appeared as new
peaks of low intensity metabolites are reported here for the first
time. The metabolites are as follows, Pentane, 2,3,3-Trimethyl
(C8H18), 1-Iodo-2-Methylundecane (C12H25I), Undecane, 2,10-
Dimethyl (C13H28), 1-Iodo-2-Methylundecane (C12H25I), Sulfurous
Acid, 2-Propyl Tridecyl Ester (C16H34O3S), 1H-Tetrazol-5-Amine
(CH3N5), 2,3-Anhydro-D-Galactosan (C6H8O4), 3-Tert-Butox-
ycarbonylamino-Butyric Acid (C9H17O4N) were also noted after
biodegradation by EVR4 (S6). The chromatogram showed the
complete disappearance and reduced intensities of many signifi-
cant parent peaks, thus confirming the effective degradation of
biosurfactant producing EVR4. The maximum diesel degradation
efficiency of 96% was noted within a short time period of 4 d, then
compared to earlier studies by Rajasekar et al., 2007a, who reported
on bioremediation of diesel oil degradation using Serratia marces-
cens which degraded diesel oil in 30 d with the biodegradation
efficiency of 69%. Similarly, Chandran and Das (2011) too reported
on Candida tropicalis which degraded diesel oil in 7 d with a
biodegradation efficiency of 80%. Poddar et al., 2019 reported on
hydrocarbon degradation using a bacterial consortium of Entero-
bacter sp., Pantoea sp., Klebsiella spp. with a degradation rate of
4.05% per day and an overall degradation rate of 16.20% in 4 d.
However, our study showed the highest degradation efficiency in
less number of days, thus proving the potentiality of EVR4 marine
isolate.

3.6. Enzyme studies

An extracellular enzyme, dehydrogenase was reported to play a
vital role in diesel oil degradation. This was evident in our study
too. The measurement of dehydrogenase enzyme activity was

Table 2
ANOVA for RSM - Quadratic model eResponse: percentage of diesel degradation.

Source Sum of Squares Df Mean Square F-value p-value

Model 520.72 9 57.86 206.10 <0.0001 Significant
A-pH 19.13 1 19.13 68.13 <0.0001
B-Inoculum Dosage 40.41 1 40.41 143.95 <0.0001
C-Diesel Concentration 6.18 1 6.18 22.01 0.0022
AB 4.64 1 4.64 16.54 0.0048
AC 1.90 1 1.90 6.78 0.0352
BC 2.81 1 2.81 9.99 0.0159
A2 217.27 1 217.27 773.96 <0.0001
B2 61.63 1 61.63 219.55 <0.0001
C2 123.39 1 123.39 439.55 <0.0001
Residual 1.97 7 0.2807
Lack of Fit 1.53 3 0.5104 4.71 0.0844 not significant
Pure Error 0.4339 4 0.1085
Corr. total 522.68 16
Std. Dev. 0.5298
Mean 81.67
C$V. % 0.6487
R2 0.9962
Adjusted R2 0.9914
Predicted R2 0.9518
Adeq Precision 39.0797
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found to be increased in accordance with the assimilation of diesel
oil and growth characteristics of our isolate (S7). A similar study
was already reported by Xue et al., 2017. The highest activity of
enzyme dehydrogenase 36.13 mMmin�1 in our study was achieved
at the end of 4th day. The other enzyme, catalase too has a signif-
icance in diesel degradation as reported in previous literature

(Ameen et al., 2016; Margesin et al., 2000). Catalase activities of our
degradation studies were noted to be increased at the end of the
incubation period with a noted value of 30.07 mM min�1 in
accordance to the growing trend in the presence of diesel con-
taining medium (Fig. S4). The heme protein, cytochrome C facili-
tates the extracellular electron transfer which helps in
bioremediation (Wen et al., 2018). No study was reported earlier
showing the role of cytochrome C activity in diesel degradation. In
this study, cytochrome C activity assayed the diesel degradation
was found to be considerably increased and achieved a maximum
of 13.16 mMmin�1 at the end of the 4th day of incubation period as
shown in S7. The obtained results of enzyme assays supported the
significance of their involvement in contributing to high diesel
degradation in less time.

Based on the identification of completely degraded and partially
degradedmetabolites, a probable mechanism has been proposed as
a flowchart as depicted in Fig. 5. As seen from the obtained
degradation efficiency, the synergistic role of biosurfactants and
enzymes of EVR4 are found to be responsible for the enhanced
diesel degradation. The degraded metabolites are expected to
breakdown to produce CO2 and H2O, as the final products.

Diesel oil is long chain hydrocarbons that are consumed by
bacteria present in the environment by the process called biore-
mediation, which can be enhanced in the presence of surface active
agents called biosurfactants. In addition, enzymes namely dehy-
drogenase, catalase and cytochrome C oxidase play a vital role in
biodegradation. The biodegradation efficiency is enhanced by the
biosurfactant and enzymes which results in the production of CO2
and H2O and thus the oxidation of hydrocarbons (O2) occurs which
is presented in Fig. 5.

3.7. EK and BEK remediation

3.7.1. Variation of pH
When the electric current is passed, the increase in Hþ ions

results in a decrease in pH (anode).Whereas, an increase in the OH�

ions results in an increase in pH (Cathode) (Yuan and Chiang, 2008).
According to Acar and Alshawabkeh (1993), Hþ ion dominates the
electrokinetic system because it is 1.75 times greater than OH� ions.
Therefore, due to the Hþand OH� ionmigration, there is a change in
pH. In this study, there is a similar change in pH was monitored
during EK and BEK experiments as shown in S8. Low pH was seen
near the anode and high pH was seen near cathode throughout the
EK and BEK experiment.

Table 3
Data of RSM parameters for optimization and experimental design based on design expert.

Run
Order

Actual
Value

Predicted
Value

Residual Leverage Internally Studentized
Residuals

Externally Studentized
Residuals

Cook’s
Distance

Influence on Fitted Value
DFFITS

Standard
Order

1 74.23 73.69 0.5400 0.750 2.038 2.960 1.246⁽1⁾ 5.127⁽1⁾ 5
2 89.25 89.40 �0.1520 0.200 �0.321 �0.299 0.003 �0.150 16
3 82.46 82.45 0.0088 0.750 0.033 0.031 0.000 0.053 12
4 72.99 73.52 �0.5312 0.750 �2.005 �2.846 1.206⁽1⁾ �4.930⁽1⁾ 1
5 76.19 76.20 �0.0087 0.750 �0.033 �0.031 0.000 �0.053 9
6 78.00 78.16 �0.1625 0.750 �0.613 �0.584 0.113 �1.011 6
7 89.56 89.40 0.1580 0.200 0.333 0.311 0.003 0.156 14
8 80.00 80.17 �0.1712 0.750 �0.646 �0.617 0.125 �1.069 3
9 78.94 78.77 0.1713 0.750 0.646 0.617 0.125 1.069 2
10 76.99 76.83 0.1625 0.750 0.613 0.584 0.113 1.011 7
11 78.00 78.54 �0.5400 0.750 �2.038 �2.960 1.246⁽1⁾ �5.127⁽1⁾ 8
12 82.00 82.37 �0.3688 0.750 �1.392 �1.515 0.581 �2.625⁽1⁾ 10
13 80.00 79.63 0.3688 0.750 1.392 1.515 0.581 2.625⁽1⁾ 11
14 89.87 89.40 0.4680 0.200 0.988 0.986 0.024 0.493 17
15 81.64 81.11 0.5313 0.750 2.005 2.846 1.206⁽1⁾ 4.930⁽1⁾ 4
16 89.33 89.40 �0.0720 0.200 �0.152 �0.141 0.001 �0.070 13
17 89.00 89.40 �0.4020 0.200 �0.848 �0.829 0.018 �0.415 15

Fig. 3. FTIR spectrum of diesel degradation by S. epidermidis EVR4.
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3.7.2. Variation of current (mA)
According to Acar and Alshawabkeh (1993), the electric current

across the soil is related to themobile ions present in the soil. These
mobile ions are Hþand OH� which are generated by electrolysis
(Kim et al., 2005). The electric current was low in the EK experi-
ment whereas, it was high in BEK experiments. The results were
obtained in the form of mA versus hour as shown in S9. The electric

current was noted to be increasing after every 10 h this may be due
to the addition of electrolyte (NaCl). There is a gradual decrease
after 72ndh in EK and 64thh in BEK. Themaximum output was noted
to be 1.01 mA/cm2 for EK and 1.32 mA/cm2 for the BEK experiment.
The similar reports by Reddy and Cutright (2003); Wang et al.,
(2007) reported regarding the increase in electric current.

Fig. 4. GCMS spectrum of diesel degradation by S. epidermidis EVR4. a) Abiotic control; b) S. epidermidis EVR4.

Table 4
Gas chromatographyemass spectrometry (GC-MS) data for the biodegradation efficiency of diesel oil inoculated systems.

RT* Chemical formula Chemical name MW* Control RA* EVR4 RA* BE* (%)

4.36 C 9H 20 Nonane 128 49.68 0 100
5.97 C 10H 22 Decane 142 65.4 0 100
7.59 C11 H 24 Undecane 156 79.09 0 100
9.12 C12 H26 Dodecane 170 80.61 0 100
10.57 C13 H28 Tridecane 184 91.26 0 100
11.92 C14 H30 Tetradecane 198 87.71 0 100
13.19 C15 H32 Pentadecane 212 100 0 100
14.38 C 16H34 Hexadecane 226 93.28 0 100
15.51 C17 H36 Heptadecane 240 89.73 0 100
16.58 C18 H38 Octadecane 254 88.72 0 100
17.61 C19 H40 Nonadecane 268 83.65 0 100
18.58 C20 H42 Eicosane 282 82.64 0 100
19.51 C21 H44 Henicosane 292 81.12 0 100
20.4 C23 H48 Tricosane 324 68.44 0 100
21.84 C25 H52 Pentacosane 338 56.27 8.46 85
22.44 C28 H58 Octacosane 394 25.35 13.44 47
Diesel degradation efficiency 96

rt*- retention time, mw*- moleular weight, ra*- relative abudance, be*- biodegradation efficiency.
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3.7.3. Total organic carbon (TOC)
The TOC in BEK was higher (84.9%) when compared to EK

(67.4%). Themaximumpercentagewas seen in the S5 section of soil.
The S3 section of the soil has a TOC of 80.6% in BEK whereas in EK it
was 63.7%. The lowest percentage of TOC was recorded in the S1
section, BEK has 73.6% and 59.9% in EK altogether BEK has a higher
concentration of TOC after 4 d of treatment (S10). According to
Picard and Chaouki (2017), the presence of NaCl as an electrolyte,
there is more presence of chloride ions which attributes in the
oxidation activity which results in the oxidation of diesel. A similar
study was carried out by Song et al., (2017) the diesel oil removal
from the sandmatrix was coupled with the EK experiments and the
maximum removal was about 1130 mg/L.

3.7.4. Chemical oxygen demand
The COD was used to measure the amount of organic com-

pounds present in the soil. The COD level wasmentioned in S11. The
maximum removal percentage in EK was 67% whereas; in BEK it
was 84.9%. According to Leitgib et al., (2008) available carbons and
protons are utilized by the bacteria as a nutrient which reduces
COD and increases the fertility of the soil.

4. Conclusion

S.epidermidis EVR4 is an effective biological agent that can be
employed for diesel degradation due to the efficient production of
biosurfactant and enzymes. Optimization results by RSM showed
that all the factors such as pH, diesel oil concentration and inoc-
ulum concentration were found to be in good correlation towards
the degradation of diesel oil. FTIR and GCMS confirm the biodeg-
radation of diesel and the identification of degraded metabolites. In
order to remove the organic content during the biodegradation
process, the EK & BEK remediation was employed and shows the
maximum removal of TOC (80.6%) and COD (84.9%) which increases
the degradation efficiency. whereas, in biodegradation we have
successfully degraded 96% diesel oil. The outcome of the study
evidenced the isolate, EVR4 as an effective biological agent that can
be considered to clean up the hydrocarbon contaminated sites with
good degradation efficiency at less time period, compared to earlier
studies.
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a b s t r a c t

The present study reports an eco-friendly phytosynthesis of zinc oxide nanoparticles (ZnONPs) using
Candelabra cactus flower extract. The structural and functional properties of the synthesized ZnONPs
were examined through various instrumentation. Transmission electron microscopy analysis revealed
sphere-shaped ZnONPs between 10 and 30 nm in size. The synthesized ZnONPs showed growth inhibit-
ing activity of both Gram-positive and Gram-negative bacteria. Acridine orange ethidium bromide (AO/
EB) and Hoechst 33,342 staining studies revealed apoptotic bodies and chromatin condensation in the
MCF-7 cancer cells.

� 2020 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, metallic nanoparticles have received significant
attention due to their broad physico-chemical properties, which
are considerably different from the bulk materials, and their desir-
able applications in fields of science, technology, and medicine.
Among such metallic nanoparticles, zinc oxide nanoparticles
(ZnONPs) are well known due to its multifunctional, non-toxic nat-
ure with vast applications in various fields [1,2]. In addition, it has
been reported that ZnONPs has been used in sunscreen lotions,
ointments, bio-imaging, antimicrobial, anticancer, drug-delivery
systems, dye degradation and theses multiple applications have
gained significant attention to researchers [3-8]. Previously,
ZnONPs are synthesized by several physico-chemical techniques
such as, pulse laser deposition [9], laser ablation [10], molecular
beam epitaxy [11], pyrolysis [12], sono-chemical [13] and sol–gel
methods [14]. Nevertheless, these traditional physico-chemical
techniques have been reported negative influence on eco-system

by using potential toxic chemicals for the synthesis of ZnONPs.
Thus, non-toxic biological methods have been established to
reduce and/or eliminate the toxic substances used for ZnONPs
synthesis.

In the biological methods, microorganisms, algae, microbial
products and plants are the primary and abundant sources for
ZnONPs synthesis. However, plants comprised of diverse phyto-
chemicals and secondary metabolites which are responsible for
reduction and capping of nanoparticles (NPs) compared to
microorganisms and algae. Recent research papers investigated
the synthesis of ZnONPs from various floras such as Azadirachta
indica [15], Agathosma betulina [16], Rhamnus virgata [17], Sesa-
mum indicum [18], Juglans regia [1], Mentha pulegium [19], and
Malus pumila [20]. However, to the best of our familiarity, there
is no study on synthesis of ZnONPs using Candelabra cactus
(Euphorbia candelabrum) flower extracts.

E. candelabrum also known as C. cactus, a small succulent tree,
widely distributed in African countries and some Asian countries
including India. Waihenya et al. [21] reported the medicinal value
of E. candelabrum against Newcastle disease caused by Newcastle
virus. In addition, it has been reported as a potential medicine
for leprosy treatment. Even though, this plant is widely distributed
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in southern parts of India including Tamil Nadu, there is no much
utilization of this plant materials for medicinal and research appli-
cations. Hence, the present study aimed to utilize C. cactus flowers
for ZnONPs synthesis and the present study was aimed (i) to syn-
thesis and characterization of ZnONPs, (ii) assessing the antioxi-
dant activity of phytosynthesized ZnONPs, (iii) evaluating the
cytotoxic potential of ZnONPs against MCF-7 cell lines, and
antibacterial efficiency against Gram-positive and Gram-negative
bacteria.

2. Materials and methods

2.1. Flower material

Fresh flowers of C. cactus were collected from Kaveriyammal
gardens (11.468410 N, 77.994960 W), Mallasamudram (637 503),
Tamil Nadu, India and were rinsed by tap water followed by filter
purified water to eliminate the dust particles attached on the sur-
face of the flowers. About 10 g of flowers were grinded using
mortar-pestle and mixed in 100 mL of double distilled water and
centrifuged at 10,000 rpm for 10 min. The supernatant was used
for ZnONPs synthesis.

2.2. Biosynthesis of ZnONPs

ZnONPs were synthesized according to Majeed et al. [22].
Briefly, 2 mM Zn(NO3)2 was (950 mL) mixed with 50 mL of flower
extract and incubate in shaking incubator for 24 h. The production
of ZnONPs was envisioned by the alteration of colourless into dark
brown colour. The resulting precipitate was separated by centrifu-
gation at 8000 � g for 10 min. The deposited pellet was washed 2–
3 times with double distilled water and stored at refrigerator until
use.

2.3. Characterization of ZnONPs

The optical absorption spectrum of ZnONPs was observed using
UV–visible spectrophotometer (Elico-SL 164) in the range of 200–
800 nm. Shape and size of the phytogenic ZnONPs were deter-
mined by Transmission electron microscopy (TEM, FEI Tecnai TF
20 high resolution). Scanning electron micrograph-energy disper-
sive spectra (SEM–EDS; Jeol JSM 6390) was performed to the check
the elemental Zn present in the ZnONPs. A Perkin-Elmer Fourier
transform infrared (FT-IR) spectrum was obtained at 4 cm�1 reso-
lution between the wavelengths of 400–4000. The structural char-
acterization was determined by X-ray powder diffraction (XPERT-
Pro diffractometer using Cu-Ka radiation).

2.4. Antibacterial activity of ZnONPs

Antibacterial potential of phytosynthesized ZnONPs against
Klebsiella sp. (Genbank Accession Number: KC899845), and Staphy-
lococcus sp. (Genbank Accession Number: KC688883) was evalu-
ated according to Solabomi et al. [23]. Briefly, the strains were

Fig. 1. (a) TEM image of ZnONPs synthesized from C. cactus, (b) SEM-EDS of ZnONPs.

Fig. 2. FT-IR Spectrum of ZnONPs.

Fig. 3. XRD pattern of ZnONPs.
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cultivated in 100 mL of LB broth amended with 2–10 mM of
ZnONPs. The bacterial population was measured at 600 nm and
growth inhibition (%) was calculated by using absorption units
according to Elegbede et al. [24]

2.5. Cytotoxic assay and apoptotic based staining

Cytotoxic of potentials of ZnONPs (0, 25, 50, 75 and 100 mg/mL)
were analyzed by an MTT assay based on the methodology adopted
by Mosmann et al. [25] after 24 h of incubation. To understand the
features of apoptotic cell death, assays such as acridine orange
ethidium bromide (AO/EB) and Hoechst 33,342 staining was per-
formed, and the cells were visualized under fluorescence micro-
scope (Accuscope, EXI-310) at a magnification of 20X.

3. Results and discussion

The flower extract of C. cactus was employed for the phytosyn-
thesis of ZnONPs. Variation of colour in the reaction mixture from
colourless into dark brown colour indicates the reduction of zinc
nitrate. The UV–Vis spectra of the corresponding ZnONPs was
observed at the wavelengths of of 350–400 nm. Previous study
reported the maximum adsorption of the ZnONPs in the range of
300–350 nm [26]. TEM was used to examine the morphology
and size of synthesized ZnONPs and the images showed the spher-
ical morphology of the particles with 10–30 nm in size (Fig. 1). The
EDX pattern of ZnONPs showed the presence of ZnO with the other
elements such as, Cl, K, Ca, Si, Al and O. These elements may arise
from the phytochemicals present in the flower extract. FT-IR

Fig. 4. Antibacterial activity of AgNPs (a) Staphylococcus sp., (b) Klebsiella sp.

Fig. 5. Fluorescence based staining (a & b) and dual staining (c & d).
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results showed a broad peak around 3385 cm�1 and it was attrib-
uted to the carbonyl and OH alcoholic groups of the flower extract.
A sharp band at 2921 cm�1 was assigned to the –CH2 vibrations.
The moderately broad adsorption band at 1674 cm�1 was indicated
to the presence of carbonyl group. The peaks at 1384 and
1045 cm�1 represents the presence of C = O and alkenes respec-
tively. The crystalline nature of the phytosynthesized ZnONPs were
confirmed by XRD analysis and the results illustrated in Fig. 2 (b).
The results showed the prominent peaks corresponding to the
diffraction planes of ZnONPs at (1 0 0), (1 0 1), (1 0 2), (1 1 0),
(1 0 3), and (2 0 2). The highest and sharp peaks at (1 0 0) and
(1 0 2) indicate the hexagonal wurtzite nature of ZnONPs reported
diffraction studies standards (JCPDS 008, 82–1042) [27].

The antibacterial efficiency of ZnONPs is shown in Fig. 3. The
results indicate that the photosynthesized ZnONPs inhibited the
bacterial growth and the inhibition rate is directly proportional
to the concentration of ZnONPs. The ZnONPs (20 mM) inhibited
71.4% of Staphylococcus sp. growth and 49.6% of Klebsiella sp.
growth after 48 h of incubation (Fig. 3a and b). The results revealed
that, the ZnONPs posses’ strong growth inhibition rate against
Gram-positive Staphylococcus sp. compared to Gram-negative
Klebsiella sp. The anticancer potential of ZnONPs is shown in the
Fig. 4. The results indicated that the viability of the MCF-7 cells
was decreased according to the increasing concentration ZnONPs
(25, 50, 75 and 100 mg mL�1). Majeed et al. [1] reported that the
cytotoxicity of ZnONPs is dose dependent and Hsin et al. [28]
reported that the ZnONPs cause nuclear fragmentation, condensa-
tion, blebbing of cell membrane and apoptotic body formation.
Fig. 5 shown the AO/EB staining results, normal live cells were in
green color while ZnONPs treated cells were in orange color which
indicates apoptotic bodies caused by chromatin condensation [29].
The results demonstrated that the ZnONPs have a better ability to
pronounce apoptosis.

4. Conclusion

The present study demonstrated the synthesis of ZnONPs from
C. cactus using a simple non-toxic greener approach. The UV–Vis
spectra of the corresponding ZnONPs were observed at the wave-
lengths of 350–400 nm. The EDX pattern of ZnONPs showed the
presence of ZnO element at 8–10 KeV. The phytosynthesized
ZnONPs have exhibited attractive lethal effect with both Gram-
positive and Gram-negative bacteria and potential toxic effect to
the MCF-7 breast cancer cells.
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Abstract
The present study explored the immobilization of laccase onto iron magnetic nanoparticles (MNPs) to enhance its enzymatic 
properties and applications. The immobilization process was optimized using Box–Behnken design (BBD). BBD showed 
significance towards the quadratic model with experimental data. Maximum laccase activity recovery (99%) of the predicted 
model was observed at 0.75 mg/mL of laccase concentration, 200 mg/mL of MNPs, 0.3% cross linking with carbodiimide, and 
3 h of cross-linking time. The magnetization activity of MNPs (8 emu/g) and the immobilized laccase with MNPs (4 emu/g) 
was analyzed using vibrating sample magnetometer (VSM). Maximum activity of immobilized laccase was observed at pH 
7.0 and 55 °C. The immobilized laccase has greater stability (100 h) and significant chlorpyrifos (pesticide) degradation activ-
ity. High-performance liquid chromatography (HPLC) results confirmed the degraded metabolic products of chlorpyrifos. 
In all, the immobilized laccase was superior to free laccase, showing promising structural and application characteristics.

Keywords Immobilization · Laccase · Magnetic nanoparticles · Optimization · Pesticides

Introduction

Synthetic pesticides have become an inevitable part of 
modern agriculture, which contributes to their extensive 
distribution throughout the ecosystem (Kumar et al. 2018). 

Although the use of pesticides has contributed to better crop 
yields, the dispersion of their residues in the environment is 
disastrous to aquatic as well as to terrestrial eco systems (Li 
2018; Villarreal-Chiu et al. 2017). Exposure to pesticides 
causes serious health problems, such as neurotoxic disor-
ders, and can lead to death (Pereira et al. 2015; Simonelli 
et al. 2007). Researchers have developed a wide range of 
physico-chemical methods to overcome the adverse effects 
of pesticides on the ecosystem (Mir-Tutusaus et al. 2018; 
Maqbool et al. 2016). However, these physico-chemical 
methods are inefficient, expensive, and time consuming 
(Zeng et al. 2017). Thus, there is a need to develop simple, 
highly efficient, and environmentally sustainable processes 
for the removal of pesticides from the environment.

Enzymatic catalysis is considered as a simple, eco-friendly, 
green bioremediation method for the degradation and/or detox-
ification of pesticides from soil and water (Ahmed et al. 2017; 
Bilal et al. 2017a, b). Several studies reported that enzyme-
based degradation methods have maximum degradation 
efficiency and stability against pH, temperature, and salinity 
(Kupski et al. 2019). Thus, enzyme-mediated green remedia-
tion method shave found attention as an attractive alternative to 
the physico-chemical methods. Among the microbial enzymes, 
lignolytic laccases have gained much popularity due to their 
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wide range of substrate and environmental applications (Bilal 
et al. 2019; Bilal et al. 2017a, b).

Microbial laccases (E.C. 1.10.3.2) are lignolytic multi-
copper containing monomeric extra-cellular glycoproteins 
that originate from various bacteria, fungi, and plants, and 
are abundant in nature. Because of their wide distribution 
and abundance, laccases have been widely applied in food, 
paper and pulp, and textile industries (Gursharan et al. 2019; 
Nandhini et al. 2019; Jordan et al. 2018; Bilal et al. 2017a). 
Several studies reported the laccase-mediated bioremediation 
of a wide range of pollutants including aromatics, xenobiotics, 
and phenolics (Vera et al. 2019; Antecka et al. 2018; Zdarta 
et al. 2018; Zeng et al. 2017). Recent studies have addressed 
the improvement of laccase efficiency, through its immobiliza-
tion, for the bioremediation of different groups of environmen-
tal contaminants (Bilal et al. 2019). Additionally, it has been 
reported that immobilization enhances the enzyme’s properties 
(Chen et al. 2016) and increases its stability (Lai et al. 2019).

The immobilization of enzymes onto nanopolymers and 
nanoparticles has received great interest because of the small 
size of the enzyme carrier materials, which is known to 
improve the efficiency of the immobilized enzymes (Govart-
hanan et al. 2020). Magnetic nanoparticles represent materi-
als with required magnetic properties mostly used for envi-
ronmental applications. Magnetic iron oxide nanoparticles 
(MNPs) are inexpensive to produce and exhibit sufficient 
physical and chemical stability, in addition to being biocom-
patible and environmentally safe. MNPs also confer specific 
applications like magnetic separation and pesticide and dye 
degradation (Laurent et al. 2008; Gupta and Gupta 2005). Of 
the several types of nanoparticles, MNPs are potential candi-
dates for enzyme immobilization due to their low toxicity and 
ease of recovery. Amin et al. (2016) and Dyla et al. (2003) 
reported that enzyme immobilized on MNPs showed enhanced 
activity and stability. Also, immobilized laccase enzyme has 
been reported to degrade a wide range of dyes such as Direct 
Blue 78, Acid Blue 225, Reactive Red 195, Acid Blue 74, and 
Phenol Red (Jořenek and Zajoncova 2015) and pesticides (Das 
et al. 2020). Thus, the present study was aimed to (i) synthe-
size MNPs for laccase immobilization, (ii) optimize immobi-
lization efficiency, (iii) compare the laccase properties before 
and after immobilization, (iv) characterize the enzyme immo-
bilized onto the MNPs, and (v) evaluate pesticide removal by 
the immobilized laccase.

Materials and methods

Materials

Laccase from Bacillus sp., (Accession number: MF957300) 
(Srinivasan et al. 2019), carbodiimide, and 2, 2-azino-bis 
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) were 

purchased from Hi-Media (Mumbai, India). Chlorpyrifos 
(20% EC) was obtained from Agro-Service Center, Mal-
lasamudram, Tamil Nadu, and India.

Preparation of MNPs

MNPs  (Fe3O4) were prepared by co-precipitating  Fe2+ and 
 Fe3+ ions. Briefly, ferric and ferrous chlorides were dis-
solved in a 2:1 molar ratio in water, and chemical precipita-
tion was achieved at 25–30 °C under vigorous mixing by 
adding 28%  NH4OH solution. The resultant precipitate was 
heated at 100 °C for 15 min and washed three times with 
water and once with anhydrous ethanol. The particles were 
dried for 24 h (Govarthanan et al. 2020; Selvam et al. 2016) 
for further use.

Optimization of laccase immobilization

The purified MNPs (5 mg/mL) were suspended in 20 mL 
of acetate buffer solution (pH 4.0) with a designed amount 
of laccase solution (0.75 mg/mL) and the immobilization 
process was performed in a shaking incubator at 37 °C for 
30–50 min. After incubation, the supernatant was collected 
for further studies. In addition, to explore the optimal immo-
bilization conditions, the response surface methodology 
(RSM) based on Box–Behnken design (BBD) was adopted 
using the Design Expert software (9.0.0.7 trial version). 
Four factors [enzyme concentration, magnetic nanoparticle 
concentration, cross-linking (carbodiimide %), and cross-
linking time] were optimized for immobilization. The results 
were assessed by applying the coefficient of determination 
(R2), analysis of variance, and response plots. RSM was 
employed with the most widely used second‐order polyno-
mial equation developed to fit the experimental results and 
to identify the relevant model terms:

where Y is the predicted response, β0, βi, and βij are the 
constant regression coefficients of the model, and Xi and Xj 
represent independent variables.

Characterization of MNPs

The morphology of the MNPs and their elemental com-
position before and after laccase cross-linking were evalu-
ated using a scanning electron microscope coupled with 
an energy-dispersive spectroscope (SEM–EDS; Jeol JSM 
6390). The functional groups of the MNPs and immobilized 
laccase were analyzed using Fourier-Transform infrared 
spectroscopy (FT-IR, Nicolet iS5, Thermo). The magnetic of 
the synthesized nanoparticles were studied using a vibrating 

(1)Y = �0Σ �iXi + Σ �iXi�ij + ΣXiXj,
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sample magnetometer (VSM, Lake Shore, Westerville, OH, 
USA) at room temperature.

Determination of free enzyme and immobilized 
laccase activity

Free enzyme and immobilized laccase activity was deter-
mined according to Wolfenden and Wilson (1982) using 
ABTS (2, 2′-azino-bis (3-ethylbenzothiazoline-6-sulphonic 
acid) as substrate. One unit of laccase activity was defined 
as the amount of required enzyme to oxidize one µmol of 
ABTS per min under the assay conditions.

Effect of pH, temperature, and storage time 
on the stability of immobilized laccase

The effect of pH on free and immobilized laccase activ-
ity was analyzed by measuring the reaction at different pH 
levels (5–11). The effects of incubation temperature on free 
and immobilized laccase activities were determined by 
performing the reaction temperature ranging at 40–80 °C. 
The stabilities of free and immobilized laccase were deter-
mined after storage in phosphate buffer (0.02 mol/L, pH 
7.0) at 4 °C for 100 h. Retained activities were measured as 
described above, and the activity of each preparation was 
expressed as a percentage of its retained activity compared 
to its initial activity.

Degradation of pesticide by immobilized MNPs’ 
laccase

The pesticide degradation ability of immobilized laccase 
was tested according to Das et al. (2017) with minor modi-
fications. Briefly, 20 mg of immobilized laccase was mixed 
with 100 mL of chlorpyrifos (Tricel) at a final concentra-
tion of 1000 mg/L. The reaction mixer was incubated in a 
shaking incubator at 300 rpm for 18 h. After the incubation, 
10 mL of sample was collected and extracted with hexane 
in a 1:1 ratio and stored in amber colored bottles for high-
performance liquid chromatography (HPLC, LC-20AD, 
Shimadzu, Tokyo, Japan) analysis according to Srinivasan 
et al. (2019).

Statistical analysis

All the experiments presented in this study were mean val-
ues of three replicates, and standard deviations were used 
to analyze the data. Effect of pH, temperature, and storage 
time on the stability of immobilized laccase results were 
subjected to two-way analysis of variance (ANOVA) using 
SPSS software v 12 (Chicago, USA).

Results and discussion

Optimization of the conditions for laccase 
immobilization

The laccase immobilization process is influenced by sev-
eral biotic (laccase concentration) and abiotic factors (pH, 
temperature, incubation time) (Liu et al. 2012). Thus, BBD 
was designed to determine the optimal conditions for the 
immobilization of laccase. The BBD model is shown in 
Table 1. The BBD based on the analysis of variance of 
the quadratic regression model demonstrated high sig-
nificance (Table 2). The significance of the model was 
further validated by the Fisher’s F test with a very low 
probability value (F value = 397.82). Values of ‘Probabil-
ity > F’ (0.0500) indicate that the model was significant. 
The predicted R2 (0.9856) and adjusted R2 (0.9950) values 
for optimal conditions were in reasonable agreement with 
the value of R2 (0.9856), which is closer to 1.0, indicat-
ing better fit of the model in the experimental data. There 
is only a 0.01% probability that a model F value could 
occur because of noise. The model was further validated 
by sequential model sum of squares, lack of fit tests, and 
model summary statistics. The 3D plots generated showed 
significant relationship among enzyme concentration, 
MNPs’ concentration, cross-linking (carbodiimide %), 
and cross-linking time (Fig. 1). The model predicted a 
maximum laccase activity recovery of 99% for an enzyme 
concentration of 0.75 mg/mL, MNPs concentration of 
200 mg/mL, cross linking with carbodiimide at 0.3%, and 
a cross-linking time of 3 h. The predicted model values 
were in good agreement with the values measured in these 
experiments, mitigating the validity of the response model 
and the necessity for optimal conditions. The graphs high-
lighted the parts played by the variables for the produc-
tion of laccase. The coefficients of the regression equation 
were calculated, and the following regression equation was 
obtained:

where Y is laccase activity, A is enzyme concentration, B 
is the cross-linked MNPs concentration (carbodiimide %), 
and D is the cross-linking time. High degrees of similarity of 
experimental values were observed, reflecting the precision 
and applicability of RSM to optimize enzyme immobiliza-
tion (Soozanipour et al. 2015; Halim et al. 2009; Krishna 
et al. 2001). Our results are in agreement with earlier stud-
ies that reported laccase concentration and immobilization 

(2)

Y = 99.00 + 6.58A + 6.92B + 7.75C + 2.58D

+ 0.25AB − 1.25AC − 1.25AD + 2.75BC

− 0.2500 BD + 3.75CD − 17.21A
2

− 12.21B
2
− 12.46C

2
− 7.96D

2
− 7.96,
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time to remarkably influence the immobilization of laccase 
(Wen et al. 2019; Huang et al. 2017; Zheng et al. 2016; Lin 
et al. 2007).

Characterization studies

The morphologies of MNPs and laccase immobilized MNPs 
are shown in the SEM images (Fig. 2a–d). Figure 2a shows 
the undamaged structure of the MNPs, which consisted of 
homogeneous particles. The corresponding energy-disper-
sive spectroscopic (EDS) analysis confirmed the presence of 
Fe in their elemental composition (Fig. 2b). Figure 2c shows 
the etching appearance of MNPs in which the integrated 
particles (laccase) were visually damaged and the appear-
ance of enlarged inter lamellar spaces. The corresponding 
EDS analysis confirmed the presence of Fe in the elemental 
composition of the nanoparticles (Fig. 2d). The results are 

consistent with a previous study reporting the immobiliza-
tion of laccase on bentonite materials (Wen et al. 2019). 
The presence of elemental Fe in the spectra of enzyme 
immobilized magnetic iron particles confirmed the enzyme 
cross-linking over the nanoparticles. Similar observations 
were also reported by Das et al. (2020) and confirmed the 
contribution of Fe signals by the laccase enzymes.

The FT-IR spectra of the MNPs and immobilized lac-
case are shown in Fig. 3a. The broad bands of the MNPs 
(3417.86/cm) and immobilized laccase (3035.96/cm and 
2679.72/cm) can be attributed to the stretching vibration of 
the O–H groups. The bands at 2912.51, 1338, and 1012/cm 
of the MNPs and immobilized laccase are due to aromatic 
and aliphatic C–H stretching. The small peaks at 1498.69/
cm and 804.32/cm are ascribed to the C=O-stretching vibra-
tion in aldehyde groups and to the formation of C=N in the 
immobilization reaction. The small bands at 1012/cm are 

Table 1  Box–Behnken 
design for the variables and 
the experimental observed 
responses

Run Factor 1 Factor 2 Factor 3 Factor 4 Response 1
A: Enzyme conc B: MNPs conc C: Cross linking 

(carbodiamide)
D: Time course of 
cross linking

Enzyme activity

mg/mL mg/mL % h %

1 0.75 200 0.3 3 99
2 0.75 300 0.1 3 70
3 0.75 100 0.3 1 68
4 0.75 200 0.3 3 99
5 0.75 200 0.3 3 99
6 0.5 200 0.1 3 54
7 0.75 100 0.3 5 74
8 0.75 100 0.1 3 62
9 0.75 200 0.1 5 69
10 0.5 100 0.3 3 57
11 0.75 200 0.3 3 99
12 0.5 200 0.3 1 63
13 0.5 200 0.5 3 71
14 1 100 0.3 3 70
15 0.75 200 0.3 3 99
16 0.75 300 0.3 5 89
17 1 200 0.5 3 82
18 1 200 0.3 5 82
19 1 200 0.3 1 78
20 0.75 200 0.5 1 81
21 0.75 200 0.5 5 92
22 0.75 200 0.1 1 73
23 0.5 300 0.3 3 69
24 0.75 100 0.5 3 73
25 1 200 0.1 3 70
26 1 300 0.3 3 83
27 0.5 200 0.3 5 72
28 0.75 300 0.3 1 84
29 0.75 300 0.5 3 92
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attributed to the C–O–C absorption peaks. The FT-IR results 
are consistent with the previous studies that reported the 
immobilization of laccase using Fe and Kaolini nanopar-
ticles (Jiang et al. 2018; Ztrk et al. 2008; Lin et al. 2007). 
The variations in the stretching vibrations of the MNPs and 
immobilized laccase indicate buffer interference which was 
used during the immobilization process. A decrease in vibra-
tion bands attributed to groups of the enzyme probably due 
to low amount of immobilized enzyme was observed; FT-IR 
could not detect it (Fortes et al. 2017).

The magnetic properties of MNPs and immobilized lac-
case were investigated by VSM measurements (Fig. 3b). The 
results clearly indicated that the magnetization of MNPs was 
about approximately 8 EMU/g and that of the immobilized 
laccase with MNPs was nearly 4 EMU/g. A reduction in 
magnetic strength by 50% might be due to the surface modi-
fication of MNPs by elemental Fe. The magnetic strength 
observed in the present study is high when compared to the 
results of Kalkan et al. (2011) and Mahdavi et al. (2013), 
who reported ten times higher magnetic strength. The oxi-
dation of magnetite particles into maghemite could be the 
possible reason for the reduction in the magnetic strength of 
the material (Mahdavi et al. 2013). The observed results con-
firm that the MNPs are super-magnetic at room temperature 
owing to the lack of magnetic hysteresis and exhibit a high 
magnetic responsiveness for use in magnetic separation (Lin 
et al. 2017; Wang et al. 2013).

Effect of pH, temperature, and storage time 
on the stability of the immobilized laccase

It has been reported that immobilized laccase shows 
enhanced enzymatic activity in comparison with free laccase 
(Wu et al. 2019). The optimum pH conditions (pH 5–10) 
of the free laccase and immobilized laccase are shown in 
Fig. 4a. The results indicate that the activity of both free and 
immobilized laccase is high at pH 7.0. However, when the 
pH of the solution reached basic conditions (pH 8–10), the 
immobilized laccase showed higher activity than the free 
laccase. It has been reported that the interaction of laccase 
molecules with the amino groups of MNPs causes more sta-
ble activity than the free laccase (Chen et al. 2016).

Expectedly, the immobilized laccase showed activity at a 
wide range of temperature (40–80 °C) than the free laccase 
(Fig. 4b). Both free and immobilized laccase showed maxi-
mum activity at 50 °C. There was no significant difference 
in the activity of the enzymes at 50 °C. However, when the 
temperature was increased to 60 °C, the immobilized lac-
case showed a minor decrease in activity. However, at the 
same temperature, free laccase showed a marked decrease 
in activity. In addition, the immobilized laccase maintained 
over 55% of its activity in the range of 55–80 °C. Statistical 
analysis showed that the free enzyme and immobilized lac-
case activity significantly (p < 0.5) differed in pH, tempera-
ture, and storage time.

It has been observed that the immobilization increased 
the steadiness of the laccase enzyme to alterations in pH and 
temperature. The shift in pH might be due to the variations 

Table 2  Analysis of variance 
(ANOVA) for the response 
surface quadratic model

Source Sum of squares df Mean square F value p value

Model 4906.49 14 350.46 397.82 < 0.0000 significant
A-Enzyme conc 520.08 1 520.08 590.36 < 0.0001
B-MNPs conc 574.08 1 574.08 651.66 < 0.0001
C-Cross linking (carbodiamide) 720.75 1 720.75 818.15 < 0.0001
D-Time course of cross linking 80.08 1 80.08 90.91 < 0.0001
AB 0.2500 1 0.2500 0.2838 0.6026
AC 6.25 1 6.25 7.09 0.0185
AD 6.25 1 6.25 7.09 0.0185
BC 30.25 1 30.25 34.34 < 0.0001
BD 0.2500 1 0.2500 0.2838 0.6026
CD 56.25 1 56.25 63.85 < 0.0001
A2 1920.82 1 1920.82 2180.39 < 0.0001
B2 966.77 1 966.77 1097.41 < 0.0001
C2 1006.77 1 1006.77 1142.82 < 0.0001
D2 410.82 1 410.82 466.34 < 0.0000 significant
Residual 12.33 14 0.8810 – –
Lack of fit 12.33 10 1.23 – –
Pure error 0.0000 4 0.0000 – –
Cor total 4918.83 28
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in the enzyme during covalent bond development leading 
to changes in the microenvironment of the laccase enzyme 
(Chiou and Wu 2004; Das et al. 2020). It has been reported 
that the occurrence of chemical transformation in the 
enzymes during temperature variations might be the rea-
son for the shift in enzyme activity of free and immobilized 

enzymes (Kunamneni et al. 2008). Ramírez-Montoya et al. 
(2015) reported that the support material might have caused 
hindrances and diffusion limitations for the enzymes which 
could have also been the reason for the changes in the free 
and immobilized enzymes. The maximum activity range 
of immobilized enzyme than the free enzyme indicates 

Fig. 1  Response 3-D plots of laccase immobilization magnetic nanoparticles under BBD optimized conditions
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its resistance to the alkaline changes that occurred in the 
medium (Quiroga et al. 2011).

The immobilized laccase retained 80% of its activity 
after storing for 100 h, while the activity of the free lac-
case was only 30% over the same period (Fig. 4c). These 
results showed that immobilized laccase presented a bet-
ter storage stability compared to its free enzyme form. 
This drop in activity over time can be caused by con-
formational changes in the enzyme during the immobili-
zation, which enhanced the stability of the immobilized 
laccase. It can also be due to conformational changes in 
the enzyme tertiary structure during the storage period 
(Fortes et al. 2017). Recent studies reported that the loss 

of immobilized laccase activity was smaller due to the 
relatively stable micro environment that prevented lac-
case in activation (Wu et al. 2019). Arsalan and Younus 
(2018) reported that the covalent bonding immobiliza-
tion method provided greater stability than the adsorption 
methods.

Pesticide degradation studies

The chlorpyrifos degradation products were identified 
by the HPLC analysis. Our previous study reported the 
chlorpyrifos degrading ability of free laccase (Srinivasan 

Fig. 2  SEM images of and related EDS of (a, b) MNPs before immobilization and (c, d) MNPs-Lac after immobilization
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et al. 2019). Hence, in this work, we tested the chlorpy-
rifos degradation ability of immobilized laccase, and the 
corresponding HPLC chromatogram is shown in Fig. 5. 
The immobilized laccase-mediated chlorpyrifos deg-
radation showed dominant peak at a retention time of 
approximately 2.810 min, and the control showed a peak at 
2.302 min (Srinivasan et al. 2019). The laccase-mediated 
degradation showed only two metabolic peaks. However, 

the immobilized laccase showed four major soluble peaks 
at retention times of approximately 2.810, 2.962, 4.425, 
and 4.760 min. The results clearly indicated that the immo-
bilized laccase degrades chlorpyrifos more effectively than 
the free laccase. Based on these results, it is suggested that 
the immobilized laccase is capable of greater chlorpyrifos 
degradation.

Fig. 3  a FT-IR spectra of MNPs 
before immobilization and 
MNPs-Lac after immobiliza-
tion. b VSM image of MNPs 
before and after immobilization
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Conclusion

This study demonstrates that MNPs are a resourceful can-
didate for the immobilization of the enzyme laccase. The 
immobilization of laccase was confirmed by various struc-
tural characterization methods such as SEM and FT-IR. 
VSM analysis showed strong magnetic property of the 
immobilized laccase. The immobilized laccase displayed 

adequate enzymatic activity, including enhanced tolerance 
towards alkaline pH, high temperature, and storage sta-
bility up to 100 h. In addition, the immobilized laccase 
showed potential pesticide biodegradation activity. Hence, 
it is suggested that the immobilized laccase could be used 
as a potential candidate for biodegradation of pesticides 
in contaminated soil and/or water.

Fig. 4  Effect of pH a temperature b and stability c  of the immobilized laccase and free enzyme activity
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1. INTRODUCTION  

 Corona virus is the group of viruses that have a 

crown-like appearance when viewed under the 

electronic microscope. Corona viruses cause 

respiratory tract infections in humans, which can 

cause a wide range of illnesses from the mild 

common cold to lethal SARS and MERS. There are no 

vaccines and anti-viral drugs are available yet to 

treat corona viral infections. Corona virus possesses 

positive sense single-stranded enveloped RNA as 

their genetic material. The genome of corona virus is 

the largest group among the viruses is host specific 

which is based on the receptor specificity of their S-

Protein. It is an enveloped virus that is made up of 

glycoprotein. 

In December 2019, the novel corona virus 

(2019-nCoV or SARS CoV-2), cause corona virus 

disease 2019 (COVID-19) in humans, was an 

outbreak in Wuhan, China. The epidemic disease of 

SARS CoV-2 in Wuhan has occurred human to human 

transmission among close contacts, which becomes 

emerged as a pandemic disease from January 2020 

spread through international travelers across the 

different countries and enters almost all the 

countries except few of them. As of 10th April 2020, 

there have been over 1.6 million cases with over 0.1 

million deaths for the COVID-19 outbreak worldwide 

[1] However, there are currently no effective 

medications against SARS CoV-2. Several national 

and international research groups are working on 

the development of vaccines to prevent and treat the 

SARS CoV-2, but effective vaccines are not available 

yet. There is an urgent need for the development of 

effective prevention and treatment strategies for 

SARS CoV-2 outbreak. Indian people are consuming 

Indian traditional medicinal herb extract and Indian 

spices to boost the immune system to fight COVID -

19.  

 Ginger (Zingiber officinale) is the herbaceous 

plant native to South Asia belonging to the family of 

Zingiberaceae. The characteristic pungent flavor of 

the ginger rhizome is used extensively in foods and 

beverages [2]. Ginger is a common Indian spice and 

traditional medicinal plants have important 

pharmacologic activities such as antibacterial, 

antiviral, anti-hypertensive, antioxidant, analgesic 

and antipyretic properties [3]. Ginger has been 

proved to be effective on various viruses [4-8]. 

Ginger rhizome possesses several outstanding 

bioactive non-volatile phenolic compounds such as 

gingerols, paradols, shogaols, and zingerones [9]. 

Ginger is one of the best choices of bioactive Phyto-

compound in traditional medicine in Ayurvedic, 

Chinese and Unani systems to treat different diseases 

in ancient times.  

 6-gingerol is a bioactive phenolic 

phytocompound found in the fresh ginger rhizome. 

6-gingerol is a promising drug candidate to treat 

various diseases associated with inflammation, 
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cancer, and viral disease. Fresh ginger possesses 

anti-viral activity against human respiratory 

syncytial virus due to the presence of bioactive 

phenolic phytocompound 6-gingerol [10]. Hence,  the 

present study aims to examine phytocompound 6-

gingerol from the ginger plant (Zingiber officinale) 

that could act as a promising drug against COVID-19 

proteins and screened through in silico approach. 

 

MATERIALS AND METHOD 

1.1. Ligand generation  

 The 2D structure of Zingiber officinale 

phytocompound 6-gingerol (CID 442793) was 

retrieved from Pubchem, a database of chemical 

molecules [11]. The retrieved 2D SDF file format of 

6-gingerol was submitted to “Online SMILES convertor and Structure file generator‟ [12] and 
converted into 3D SDF format.  

 

1.2. Drug Likeliness and  Absorption, 

Distribution, Metabolism, Extraction and 

Toxicity [ADME] Calculations 

 Swiss ADME online server was used to calculate 

Drug Likeliness parameters. Drug likeliness of the 

phytocompounds gingerol was examined based on 

Violations of the following rules such as Lipinski, 

Ghose, Veber, Egan, and Muegge. Pharmacokinetic 

properties of phytocompounds gingerol were 

screened by preADMET is a web-based application to 

determine the pharmacological efficiency of 

phytocompounds. PreADMET predicts the various 

parameters associated with ADME and toxicity 

behavior of phytocompounds. 

 

1.3. Preparation of Receptor and its Binding Site 

Novel corona viral (SARS-CoV-2 or COVID-19) 

Proteases, Spike protein, RNA binding protein, N-

terminal RNA binding domain are the key viral 

molecules involved in attachment and replication 

and reproduction of viral particle in the human host 

cells. These Protein target molecules served as a 

novel target to inhibit the viral lifecycle in human 

host cells. Three-dimensional structures of SARS 

CoV-2 nine molecules of main proteases (5R7Y, 

5R80, 5R81, 5R83, 5R84, 6LU7, 6LVN, 6M03, 6Y84), 

one spike protein (6VSB), one RNA binding protein 

(6W4B) and one N-terminal binding domain (6M3M) 

was retrieved from RCSB PDB database 

(https://www.rcsb.org/) [13].To determine the 

binding affinities between the ligand and receptor, 

the amino acids with the binding pockets were 

predicted at the Q-site finder server [14]. 

 

1.4. Flexible docking  

 The generated gingerol SDF structures were 

docked with the predicted binding site of all selected 

protein target binding site by using teaching version 

of FlexX [15] with following parameters i) default 

general docking information ii) base placement using 

triangle matching, iii) scoring of full score 

contribution and threshold of 0.70 iv) Chemical 

parameters of clash handling values for protein-

ligand clashes with maximum allowed overlap 

volume of 2.9 A03 and intra-ligand clashes with clash 

factor of 0.6 and considering the hydrogen in 

internal clash tests. v) Default docking details values 

of 200 for both the maximum number of solutions 

per iteration and a maximum number of solutions 

per fragmentation. 

 

1.5. Prediction of ligand-receptor interactions  

 The interactions of phytocompound gingerol 

with twelve SARS  CoV-2 proteins targets in the 

docked complex were analyzed by the pose-view of 

LeadIT [16].  2D and 3D pose view of SARS COV-2 

protein target-phytocompound gingerol was 

generated and analyzed using LeadIT. 

 

1.6. Density Functional Theory DFT Analysis  

 DFT calculation for phytocompound gingerol 

was performed using Gaussian 09 software. DFT 

used to calculate HOMO–LUMO orbital providing 

energy gap between highest occupied molecular 

orbital (HOMO) and lowest unoccupied molecular 

orbital (LUMO) providing high and low electron 

density regions on the compounds. 

 

2. RESULT AND DISCUSSION 

2.1. Drug Likeliness and ADME Calculation 

 Drug likeliness calculation for phytocompound 

gingerol was made in Swiss ADME server and 

revealed that 6-gingerol possess a molecular weight 

of 294.39 g/mol, the number of hydrogen bond 

acceptor and donor are 4 & 6 respectively. Gingerol 

also possess excellent TPSA(topological polar surface 

area), lipophilicities (iLog P) and water solubility 

(Log S ESOL) values of 66.76, 3.48 & -2.96 

respectively which proved there are nil (zero) 

violations for drug likeliness rules such as Lipinski, 

Ghose, Veber, Egan, and  Muegge essential for better 

drug likeliness properties 

 

 ADME property of gingerol calculated by 

preADMET web-based application revealed that very 

good pharmacokinetic properties such as absorption, 

bioavailability and distribution parameters of 6-

gingerol such as HIA 86.75%, the pure water 

solubility of 0.3460 mg/ml, 100% plasma protein 

binding, which are tabulated and presented in Table 

1. 

 

 
Figure 1- 2D & 3D structures of 6-Gingerol 

https://www.rcsb.org/
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Table 1 - ADME properties of 6-gingerol from 

ginger plant 

ABSORPTION 

Human intestinal absorption (HIA, %)  86.75456 

Caco-2 cell permeability (nm/sec)  13.5496 

MDCK cell permeability (nm/sec)  0.627041 

skin permeability (logKp, cm/hour)  -2.36594 

BIOAVAILABILITY 

Buffer solubility (mg/ml)  0.7135 

Pure water solubility (mg/ml)  0.3460 

DISTRIBUTION 

Plasma protein binding (%)  100 

Blood-brain barrier penetration  0.69481 

 

2.2. Docking Study 

 Different COVID-19 target proteins (proteases, 

spike protein, RNA binding protein) and their 

docking score and 3D pose with 6-gingerol are 

presented in Table 2 and their detailed molecular 

interaction between them is tabulated and presented 

in Table 3 & Figure 2. 

 The results of a flexible docking study by flexX 

software between COVID-19 viral targets and 

gingerol was exhibit the binding affinity and docking 

score ranging from -2.8764 KJ/mol to  -15.7591 

KJ/mol. Gingerol exhibit the highest binding affinity 

(-15.7591 KJ/mol) with 5R7Y COVID-19 main 

protease essential for replication and reproduction 

of SARS  Cov-2. Corona Viral protease 5R7Y residues 

such as His 164, Glu166, Thr190, Gln192 from 

hydrogen-bonded interaction with phytocompound 

gingerol, it also forms form non bonded interaction 

with the residues of His164, Met 165, Glu166, 

Leu167, Pro168, Arg188, Gln189, Thr190.  

 Gingerol exhibits binding affinity of -11.4082 

KJ/mol, -12.9523 KJ/mol and -12.8835 KJ/mol with 

COVID-19 viral RNA binding protein (6W4B), N-

Terminal RNA Binding Protein (6VSB), Spike 

glycoprotein (6M3M) respectively. Molecular 

interaction between COVID-19 viral spike 

glycoprotein with Gingerol forms hydrogen-bonded 

interaction with Glu63, Arg89, Thr92, Asp129 

residues and form non bonded interaction with 

Glu63, Lys66, Arg89, Thr92, Leu168, Pro169 

residues of COVID-19 spike glycol protein. 

  Molecular interaction between COVID-19 viral 

RNA binding protein with Gingerol makes hydrogen 

bonded interaction with Val42, Pro58, Ser60, Thr68 

residues and form non bonded interaction with 

Arg40, Phe41, Val42, Phe57, Pro58, Lys59, Ser60, 

Ile66, Thr68, Ile92 residues of COVID-19 spike glycol 

protein. 

 The previous study reported that several 

phytocompounds of flavonoids and phenolic 

substances possess antiviral activities [17-19] 

especially 6-gingerol possess antiviral activities. Siti 

Khaerunnisa et al. [20] reported that 6-gingerol 

binds with the COVID-19 main protease active sites 

with the binding affinity of -5.40 K.Cal/mol. 

 
Table 2 . COVID-19 Proteins Targets and its 3D Docking Pose with 6-gingerol 

 

S.No 

COVID-19 

Protein 

Targets 

Details Protein 3D Structure 

Docking 

Score 

(KJ/mol) 

Docking 

1 5R7Y 

Crystal Structure of 

COVID-19 main 

protease in 

complex with 

Z45617795  

-15.7591 

 

2 5R80 

Crystal Structure of 

COVID-19 main 

protease in 

complex with 

Z18197050 

 
 

-7.0885 
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3 

5R81 

Crystal Structure of 

COVID-19 main 

protease in 

complex with 

Z1367324110  

-8.2021 

 

4 5R83 

Crystal Structure of 

COVID-19 main 

protease in 

complex with 

Z44592329 
 

-7.4778 

 

5 5R84 

Crystal Structure of 

COVID-19 main 

protease in 

complex with 

Z31792168 

 
 

-9.5168 

 

6 6LU7 

COVID-19 main 

protease in 

complex with an 

inhibitor N3 

 
 

-2.8764 

 

7 6LVN 

Structure of the 

2019-nCoV HR2 

Domain 

 

 

-4.5961 

 

8 6M03 

The crystal 

structure of 

COVID-19 main 

protease in apo 

form 

  

-8.6837 
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6M3M 

SARS-CoV-2 

nucleocapsid 

protein N-terminal 

RNA binding 

domain 

 
 

-12.9523 

 

10 6VSB 

Prefusion 2019-

nCoV spike 

glycoprotein with a 

single receptor-

binding domain up 

 
 

-12.8835 

 

11 6W4B 

Nsp9 RNA binding 

protein of SARS 

CoV-2 

 
 

-11.4082 

 

12 

6Y84 

SARS-CoV-2 main 

protease with 

unliganded active 

site   (2019-nCoV, 

coronavirus 

disease 2019, 

COVID-19) 
 

-9.7625 

 

 

2.3. DFT Study 

 DFT study is used to explain the accurate 

structural and electronic properties of 

phytocompounds. The electronic distribution 

phytocompound 6-gingerol could provide a clear 

picture of SARS CoV-2 protein-gingerol interactions, 

which will be useful to explore the inhibition 

potentials of the phytocompound 6-gingerol. HOMO 

and LUMO orbital energies of 6-gingerol are shown 

in Figures 3 & 4. The calculated various HOMO-

LUMO orbital energies are presented in Table 4. 

 The localization of HOMO and LUMO orbitals in 

the compound is very important  in intermolecular 

interactions with SARS CoV-2 protein targets. 6-

gingerol (-0.20606eV, 0.10303eV, and 9.3187eV) 

showed more stability and biological activity as it 

shows less energy gap, low hardness, and more 

softness. Thus the DFT calculations performed here 

better evidence highest binding affinity of 6-gingerol 

with SARS CoV-2 protein targets in molecular 

docking. 

 Similar comparative DFT study of phytochemical 

constituents of present in the bark extract of Ficus 

racemosa β-Amyrin (-0.06277eV, 0.031385eV and 

31.86235eV) showed more stability and biological 

activity as it shows less energy gap, low hardness, 

and more softness followed by Betulinic acid (-

0.23987eV, 0.119935eV and 8.33784eV) and 

Stigmasterol (-0.26925 eV, 0.134625 eV and 7.42804 

eV) [21]. It was possible to characterize the 

compounds as well as their characteristics of 

electron donor/electron acceptor compared with 

other biological properties of the phytocompound by 

DFT analysis. 
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Table 3 .Molecular interaction of 6-gingerol with different COVID-19 Protein targets 

S.No. 

COVID-19 

Proteins 

Target PDB 

CODE 

Gingerol and COVID-19 Target Protein Interactions 

Hydrogen-Bonded Interactions Non-Bonded Interactions 

1 5R7Y His 164, Glu166, Thr190, Gln192 His 164, Met 165, Glu166, Leu167, Pro168, Arg188, 

Gln 189, Thr190 

2 5R80 Phe 219, Asn 221, Asn 277, Arg 279 Trp218,Trp219, Asn221, Glu270, Leu271, Asn274, 

Asn277, Arg279 

3 5R81 Asp295,Arg298,Gln299,Thr304 Met6, Phe8,Pro9, Ile152, Tyr154, Arg298, Val 303, 

Thr304 

4 5R83 Thr25, His41, Ser46, Gly143 - 
5 5R84 Pro108,Gln110,His246 Pro108,Gly109,Gln110,Pro132, 

Ile200,Val202,Glu240,Ile249, Phe294 

6 6LU7 Glu270,Gly275,Arg279 Phe223,Glu270,Leu271,Asn274 

7 6LVN Gln13,Asn20,Lys24 Gln13,Ile16,Asn20,Ala23,Lys24,Asn27 

8 6M03 Gln110,Thr111,Phe294 Phe8,Gln110,Asn151,Phe294,Arg298,Val303 

9 6M3M Glu63, Arg89, Thr92, Asp129 Glu63, Lys66, Arg89, Thr92, Leu168, Pro169 

10 6VSB Gln773, Gln954, Ile1013, Arg1019 Glu773, Gln954, Ile1013, Arg1014, Glu1017, 

Arg1019 

11 6W4B Val42, Pro58, Ser60, Thr68 Arg40, Phe41, Val42, Phe57, Pro58, Lys59, Ser60, 

Ile66, Thr68, Ile92 

12 6Y84 Met6, Ile152, Tyr154 Met6, Phe8, Pro9, Ile152, Tyr154, Arg298, Gln298, 

Val303, Thr304 

 

 
                        (a)                                                 (b) 

Figure 2 – Interaction plot for 6-Gingerol with 

COVID-19 Protein Targets (a-l) 

a).Interaction of Gingerol with 5R7Y (-15.7591 

KJ/mol) b).Interaction of Gingerol with 5R80              

(-7.0885 KJ/mol) 

 
                     (C)                                                   (d) 

C).Interaction of Gingerol with with 5R81 

(-8.2021KJ/mol) 

d).Interaction of Gingerol with with 5R83 

(-7.4778KJ/mol) 

 

 

 
                   (e)                                                       (f) 

e).Interaction of Gingerol with 5R84 

(9.5168KJ/mol) 

f).Interaction of Gingerol with 6LU7 

(-2.8764KJ/mol) 

                (g)                                            (h) 

g).Interaction of Gingerol with 6LVN                               

(-4.5961KJ/mol) 

h).Interaction of Gingerol with 6M03                              

(-8.6837 KJ/mol) 
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                     (i)                                            (j) 

(i)Interaction of Gingerol with 6M3M 

(-12.9523 KJ/mol) 
(j)Interaction of Gingerol with 6VSB 

(-12.8835KJ/mol) 

                  (k)                                                (l) 
(k)Interaction of Gingerol with 6W4B 

(-11.4082 KJ/mol) 

(l)Interaction of Gingerol with 6Y84                               

(-9.7625  KJ/mol 

 
 

Figure 3 . HOMO orbital energy for 6-Gingerol 

 
Figure 4.LUMO orbital energy for 6-Gingerol 

3. CONCLUSION 

 The present study was attempted to prove that 

phytocompound 6-gingerol from Zingiber officinale 

acts as a promising drug to treat COVID-19. 6-

Gingerol possesses excellent drug likeliness 

parameters with zero violations of different rules 

and very good ADME pharmacokinetic properties. 

Finally, 6-gingerol proves anti-viral efficiency against 

SARS CoV-2 by showing the highest binding affinity 

and interaction with multiple targets of COVID-19 

including Viral proteases, RNA binding protein, Spike 

protein. DFT study finally evidences the reason 

behind the highest binding affinity between 6-

gingerol and COVID-19  protein targets. The present 

study proves that 6-gingerol from the ginger plant 

could be served as a promising drug to treat the 

novel COVID-19.  
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a b s t r a c t

The present study is aimed to isolate and identify polycyclic aromatic hydrocarbons (PAHs) degrading
bacteria from brackish water and to assess the biodegradation efficiency against low and high molecular
weight PAHs. Among 15 isolates, the isolate designated as RM effectively degraded 100 mg/L of phen-
anthrene (Phe) (67.0%), pyrene (Pyr) (63.0%), naphthalene (NaP) (60.0%), and benzo [a]pyrene (BaP)
(58.0%) after 7 days of incubation. Carbon sources, pH, and salinity of the culture medium were opti-
mized to enhance the growth and PAHs biodegradation of the isolate RM. Sucrose was found to be an
excellent carbon source to enhance PAHs biodegradation (Phe, 75.0; Pyr, 68.5; NaP, 62.5; and BaP, 59.5%).
Furthermore, the isolate showed enhanced degradation at pH 7.0 and 4% salinity. The isolate RM was
identified as Halomonas sp. based on partial 16S rDNA gene sequence analysis. The results indicated that
the isolate RM (i.e., Halomonas sp.) has the potential to be used in remediation of oil spills in the marine
ecosystem.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are a group of organic
compounds with two or more benzene-rings arranged in a linear,
angular, or a cluster structure (Li et al., 2014; Chen et al., 2015).

PAHs are one of the most common pollutants in the soil and/or
water environment and have become a matter of urgency due to
their negative impacts on human health (Zeng et al., 2010;
Kuppusamy et al., 2016; Zhao et al., 2017). PAHs mostly originate
from anthropogenic activities including accidental spilling of hy-
drocarbons and incomplete combustion of fossil fuels (Chen et al.,
2015). Low solubility, elevated stability, and hydrophobic nature
of PAHs cause dysfunction in soil biodiversity by altering microbial
population, soil fertility, and impairing water quality (Nwoko,
2014). Significant accumulation of PAHs in the soil and their sub-
sequential migration into the aquatic system have led to chronic
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exposure, which is associated with cancerous diseases in humans
and aquatic animals and enhanced mutagenicity of soil and/or
sediments (Qi et al., 2017). Negative clinical effects of PAHs, ubiq-
uitous migration into the soil and/or water stream, and elimination
of these contaminants are of great research interest (Dong et al.,
2016; Schneider et al., 2016; Alrumman et al., 2016).

Several studies have reported the use of physico-chemical
methods (e.g., volatilization, photo-oxidation, and chemical
oxidation) for the removal of PAHs in soil (Zhao et al., 2008).
However, these physico-chemical practices are environmentally
aggressive, cost-intensive, and disruptive towards soil quality and
fertility (Khan et al., 2000; Gan et al., 2009). Thus, it is necessary to
eliminate PAHs from the environment without adverse impacts.
Biological treatment, especially bioremediation using microorgan-
isms, is a cost-effective, efficient, and eco-friendly method for PAHs
removal from contaminated soil and/or water (Kuppusamy et al.,
2016). Several attempts have been made for PAHs biodegradation
using microorganisms belonging to the genus Pseudomonas (El-
Naas et al., 2009), Rhodococcus (Martinkova et al., 2009), Sphingo-
monas (Miguel et al., 2009), Stenotrophomonas (Juhasz et al., 2000),
and Mycobacterium (Kim et al., 2005). However, compared with
neutrophilic microorganisms, halophilic microorganisms have
received greater attention from environmental researchers,
because they secrete metabolites that can work in extreme envi-
ronmental conditions (Ali et al., 2013, 2016).

Halophilic bacteria are frequently being isolated from hypersa-
line habitats and can grow in vitro at a high salt concentration (Ali
et al., 2016). Among halophilic bacteria, Halomonas sp. has been
shown to grow under different environmental conditions, and is
multi-metal resistant (Govarthanan et al., 2017). Further, Hal-
omonas sp. can utilize awide range of readily available substrates as
energy sources for its rapid growth (Ali et al., 2016). To date, most
studies have reported on PAHs-degrading bacteria isolated from
PAHs-contaminated soil. However, little is known about bacteria
isolated from the brackish water environment, a buffering zone of
sea and inland water. The environmental characteristics of brackish
water force microorganisms to thrive under high salt conditions
with their diverse biological functions and productivity (Kamala-
Kannan and Krishnamoorthy, 2006). Thus, the objectives of this
study were as follows: (i) isolation, identification, and screening of
PAHs degrading bacteria from brackish water, and (ii) assessing the
influence of different carbon sources, NaCl, and pH on PAHs
biodegradation.

2. Materials and methods

2.1. Chemicals

Phenanthrene (Phe), pyrene (Pyr), naphthalene (NaP), and
benzo [a]pyrene (BaP) were purchased from Sigma-Aldrich (St.
Louis, MO, USA). All other chemicals used were of reagent grade
with high purity.

2.2. Isolation of PAHs degrading bacteria

Brackish water sample (~1e2 m depth) was collected from
Pichavaram mangrove (11�230e11�300 and 79�450e79�500), Tamil
Nadu, India, using sterile polyethylene bottles and transported on
ice to the laboratory. The collected water sample was processed
within 10 h. Enrichment cultures were prepared by adding 10mL of
water sample into a 250 mL Erlenmeyer flask containing 100 mL of
minimal medium (MM) composed of (per liter) 0.4 g K2HPO4,
0.2 mg MgSO4$2H2O, 20 mg CaCl2$2H2O, 10 mg FeSO4$7H2O, 0.6 g
Na2HPO4, 20 mg MnSO4$H2O, and 1 g NH4NO3 supplemented

individually with 100 mg/L of Phe, Pyr, NaP, and BaP. The flasks
were incubated in a shaking incubator (250 rpm) at 27 ± 2 �C for 7
days. The subsequent enrichment cultures were serially diluted and
plated on M9 agar medium with the corresponding PAHs as vapor
phase (Megharaj et al., 1997). After incubation, bacterial growth
was observed on the agar surface of each plate. Well grown bac-
terial colonies were purified and stored at 4 �C for further degra-
dation assays. Based on the screening isolate RM was selected for
further identification and degradation study.

2.3. Identification of PAHs degrading bacteria

Bacterial DNA was extracted using the QIAGEN (Valencia, CA,
USA) DNA isolation kit, and its concentrationwas determined using
a Nanodrop spectrophotometer (NanoDrop 2000; Shimadzu,
Japan). Bacterial universal primer-27f (50-AGAGTTTGATCCTGGCT-
CAG-30) and �1492r (50-CCCCGTCAATTCATTTGAGTTT-30) were
used to amplify the 16S rRNA gene sequences at 94 �C (5 min)
followed by 35 cycles at 94 �C (1 min), 49 �C (2 min), and 72 �C
(2 min) with a final extension temperature of 72 �C for 7 min. The
amplified polymerase chain reaction (PCR) product was purified
using the QIAGEN PCR (Valencia, CA, USA) purification kit and
sequenced using an automated ABI PRISM 3700 sequencer (Foster
City, CA, USA). The obtained 16S rRNA sequence was compared to
available sequences in the database using the NCBI BLAST program
(http://www.ncbi.nlm.nih.gov/BLAST). A phylogenetic tree was
constructed using the neighbour-joining distance method with
Mega software version 6.0.

2.4. Effect of PAHs on isolate growth

Effect of Phe, Pyr, NaP, and BaP on RM growth was performed in
batch experiments. Briefly, the isolate RMwas grown in LBmedium
for 3 days were harvested, washed, and resuspended in MM me-
dium (A600, 0.6). The resuspension was (10 mL) inoculated into
250 mL Erlenmeyer flasks containing 100 mL of MM and incubated
in a shaking incubator (200 rpm) for 24 h at 27 ± 2 �C. Further,
100 mg/L of Phe, Pyr, NaP and BaP were added individually into the
culture flasks at the late exponential phase, and incubated in dark
conditions in 200 rpm (1e7 days) at 27 ± 2 �C. Bacterial growth was
determined by measuring the optical density (600 nm) (UV-1800,
Shimadzu, Kyoto, Japan) at predetermined time intervals (1e7
days). All the experiments were performed in triplicates and mean
values were reported. Growth of the isolate without PAHs was used
as a control for this experiment.

2.5. Effect of different carbon sources on PAHs biodegradation

Five different carbon sources, including glucose, galactose,
fructose, maltose, and sucrose were added individually into MM
medium at a concentration of 1.5%. The isolate grown in LBmedium
for 3 days were harvested, washed, and resuspended in MM me-
dium (A600, 0.6) and the resuspension was used as an inoculum
(10 mL) for this experiment. The inoculated flasks were incubated
in a shaking incubator (200 rpm) for 7 days at 27 ± 2 �C. Samples
were withdrawn at pre-determined time intervals and PAHs
degradation efficiency of the culture was determined using gas
chromatography - mass spectrometry (GC-MS, Shimadzu, Kyoto,
Japan). Briefly, an equal volume of hexane was mixed with the
sample and centrifuged at 10,000 rpm for 10 min. The organic layer
of the sample was carefully separated and used for GC-MS analysis
according to Govarthanan et al. (2017).
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2.6. Effect of pH on PAHs biodegradation

Batch experiments were performed to study the effect of pH on
PAHs biodegradation. Briefly, 100 mg/L Phe, Pyr, NaP, and BaP were
mixed with 100 mL of MM containing 3% inoculums. The pH of the
culture mediumwas adjusted to 5e10. The flasks were incubated in
a shaking incubator (200 rpm) at 27 ± 2 �C for 7 days. Samples were
withdrawn at predetermined time intervals and PAHs concentra-
tions in the samples were determined using GC-MS.

2.7. Effect of NaCl on PAHs biodegradation

The effect of NaCl on biodegradation of PAHs was performed in
batch experiments. Briefly, NaCl (1e10%) was added individually to
MM bottles containing Phe, Pyr, Nap, and Bap, and the bottles were
incubated in a shaking incubator (200 rpm) at 27 ± 2 �C for 7 days.
Samples were withdrawn at fixed time intervals and PAHs con-
centrations in the samples were analyzed using GC-MS.

2.8. Statistical analysis

All the results presented in this study were mean values of three
replicates of experiments, and standard deviations were used to
analyse the data. Statistical analysis was performed using Microsoft
El-Naas et al., 2009.

3. Results and discussion

3.1. Isolation and identification of PAHs-degrading bacteria

Fifteen morphologically different bacterial isolates were

obtained from the brackish water sample of Pichavaram mangrove.
Based on the PAHs-degrading index five bacterial isolates desig-
nated as RM, RM1, RM2, RM3, and RM4 were chosen for further
studies. Among the five isolates, the isolate RM degraded multiple
PAHs. Thus, the biodegradation efficiency of the isolate RM was
further investigated. Morphological and biochemical characteris-
tics of the isolate RM is represented in Table 1. PCR amplification of
16S rDNA resulted in a predicted 1.4 kb amplicon, and the se-
quences exhibited 98% identity with Halomonas sp. X29
(KM974782). The partial 16S rDNA of the isolate RM was deposited
in GenBank (Accession Number: MH330005). A phylogenetic tree
was derived using the partial 16S rDNA sequences of the isolate
Halomonas sp. RMwith existing sequences in NCBI and the result of
this study are shown in Fig. 1, indicating that the isolate RM and
Halomonas sp. were in the same cluster. Furthermore, several
studies have reported PAHs-degrading bacteria from PAHs-
contaminated sites (Potin et al., 2004; Zhao et al., 2009;
Kuppusamy et al., 2016), which belonged to the genus Paenibacillus,
Pseudomonas, Mycobacterium (Zeng et al., 2010), Cupriavidus
(Kuppusamy et al., 2016), Haemophilus, and Rhodococcus (Haritash
and Kaushik, 2009). However, to the best of our knowledge, Hal-
omonas sp. isolated from brackish water that is able to degrade low
and high molecular weight PAHs has yet to be reported.

3.2. Increased growth of Halomonas sp. RM on different PAHs

The growth of Halomonas sp. RM in the presence of different
PAHs at an initial concentration of 100 mg/L was determined, as
measured at an optical density at 600 nm and the results are shown
in Fig. 2a. The time-course Halomonas sp. RM growth indicated that
the isolate was capable of utilizing both low (Phe, Pyr, and NaP) and
high (BaP) molecular weight PAHs for growth. It has been reported
that successful biodegradation of PAHs depends on the survival of
microorganisms in the presence of PAHs. Therefore, cell density
was measured in the presence of Phe, Pyr, NaP, and BaP to observe
Halomonas growth after inoculation, which showed significantly
increasing OD values over time. This may be due to successful
adaptation of the isolate in the PAHs environment, which was
evident from the increase in PAHs degradation.

Concurrently, the biodegradation efficiency of the isolate was
analyzed for each PAH and presented in Fig. 2b. The result showed
enhanced biodegradation of each target PAHs with increased
growth of Halomonas sp. RM after 7-day incubation. The order of
PAHs biodegradation was Phe (67%) > Pyr (63%) > NaP (60%) > BaP
(58%). By contrast, the biodegradation rate of most bacteria re-
ported in the literature was found to be below 50%, even after 10-
day incubation (Machín-Ramírez et al., 2010; Song et al., 2011;
Thavamani et al., 2012). It has been established that biodegradation
of complex PAHs occurs in a stepwise process to reduce the number

Table 1
Morphology and Biochemical characteristics of the isolate Hal-
omonas sp. RM

Test Result

Morphology
Gram staining -
Shape rod
Motility þ
Catalase þ
Oxidase þ
Aerobic þ
Anaerobic þ
PAHs degradation efficiency
Phenanthrene (Phe) þ
Pyrene (Pyr) þ
Naphthalene (NaP) þ
Benzo [a]pyrene (BaP) þ

þ ¼ Positive, ¼ Negative.

Fig. 1. Phylogenetic tree of Halomonas sp. is constructed based on 16S rDNA sequences using neighbour-joining method.
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of aromatic rings (Nzila, 2018). The isolate Halomonas sp. RM
showed ~58% biodegradation efficiency for a highmolecular weight
PAH (i.e., BaP). Further, this isolate could also effectively degrade
(>60%) low molecular weight PAHs (i.e., Phe, Pyr, and NaP).

3.3. Sucrose as a carbon source enhances PAHs degradation

In general, the microorganisms require favorable growth con-
ditions (e.g., carbon sources, nutrients, temperature, pH, salinity)
which strongly influences their growth. Carbon source fed to the
growth medium is considered to be as a key factor for the growth
curve and metabolism of PAHs degrading bacteria. Thus, carbon
sources were supplied to enhance the bacterial activity in a series of
batch experiments to identify the effect of different carbon sources
(i.e., glucose, galactose, fructose, maltose, and sucrose) on PAHs
biodegradation by Halomonas sp. RM (Fig. 3). Higher degradation
efficiency of PAHs (Phe, 75.0; Pyr, 68.5; NaP, 62.5; and BaP, 59.5%)
was observed in flasks containing sucrose as a carbon source.
However, minimum degradation of PAHs (Phe, 52.0; Pyr, 48.7; NaP,
46.8; and BaP, 42.5%) was observed in fructose amended flasks.
Therefore, isolate Halomonas sp. RM utilized sucrose to enhance
degradation of Phe, Pyr, NaP and BaP.

3.4. pH affects PAHs biodegradation efficiently

pH of amedium can affect the bacterial activity possibly through
altering the enzymatic activity and nutrient solubility, which
eventually leads to effective biodegradation (lin et al., 2010). Thus,
pH is one of the most important factors for PAHs biodegradation in
the culture medium. The isolate Halomonas sp. RM effectively
degraded PAHs at pH ranging from 5 to 10 (Fig. 4). Maximum
biodegradation was observed at pH 7.0 (Phe, 72.0; Pyr, 67.5; NaP,
64.5; and BaP, 59.5%). However, even at pH 5.0 (Phe, 58.0; Pyr, 55;
NaP, 51; and BaP, 45%) and pH 6.0 (Phe, 60.0; Pyr, 57.0; NaP, 47.0;
and BaP, 40.5%), moderate degradation of PAHs was observed. The
results are consistent with previous studies that reported bacterial
PAHs biodegradation at neutral pH (Thavamani et al., 2012;
Kuppusamy et al., 2016).

3.5. Salinity impacts PAHs biodegradation

The effect of salinity on biodegradation of Phe, Pyr, NaP and BaP
was tested at 1e10% NaCl, and the result is presented in Fig. 5.
Maximum degradation of PAHs was observed at 4% NaCl (Phe, 74.5;
Pyr, 70.2; NaP, 67.2; and BaP, 62.2%). However, moderate

Fig. 2. (a). Growth (optical density at 66 nm), and (b) PAHs degradation potential of
Halomonas sp. RM exposed to 100 mg/L of PAHs.

Fig. 3. Effect of carbon sources on PAHs biodegradation.

Fig. 4. Effect of pH on PAHs biodegradation.
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degradation rates were observed at 1, 2, 3, 5 and 6% NaCl (Fig. 5).
The degradation rate declined as the NaCl concentration increased
from 7 to 10%. Feng et al. (2012) reported that Martelella sp. AD-3
degraded 100% of phenanthrene (200 mg/L) at 3% salinity. How-
ever, our isolate showed its maximum degradation efficiency at 4%
NaCl. Thus, this study indicates that the growth of Halomonas sp.
RM required a minimal salt concentration for their growth (4%) to
enhance removal of PAHs.

4. Conclusion

In this study, the Halomonas sp. RM was isolated from brackish
water demonstrated biodegradation of Phe, Pyr, NaP and BaP
within a wide range of pH, carbon sources and salinity. Isolate RM
showed ~58% biodegradation efficiency for the high molecular
weight PAH (i.e., BaP) and also effectively degrade (>60%) low
molecular weight PAHs, i.e., Phe, Pyr and NaP. Further, optimization
of the carbon sources, pH, and salinity of the culture conditions
enhanced the degradation process. As a result, maximum degra-
dation was found with sucrose as the carbon source and at pH 7.0
and 4% salinity. Therefore, the Halomonas sp. RM could be used for
bioremediation of water and/or soil systems contaminated with
multiple PAHs.
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� The shoot anatomic structure showed an accumulation of Pb and Ni were positively impacted by the amendment of VW and CA.
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a b s t r a c t

The aim of the present study is to assess the influence of vermi-wash (VW) and citric acid (CA) on
Sorghum bicolor growth and phytoaccumulation of lead (Pb) and nickel (Ni) contaminated soil. The
biomass of the S. bicolor has been enhanced by the addition of VW (24 and 26%) and CA (11 and 9%) in Pb
and Ni contaminated soil, respectively. The VW treatment showed enhanced shoot and root lengths and
chlorophyll concentrations compared to CA. The shoot anatomic structure showed an accumulation of Pb
and Ni were positively impacted by the amendment of VW and CA. In addition, VW treatment showed
enhanced antioxidant enzymes activity (140, 125 and 152 U/mg of CAT, SOD and POD). Further, the plants
grown in Pb contaminated soil treated with VW showed enhanced Rubisco activity of 1.49 U/ml,
whereas, CA treatment showed 1.23 U/ml of Rubisco. It has been observed that the VW showed as a
potential chelator as well as plant beneficial formulation for the enhanced phyto-remediation of Pb and
Ni.

© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Soil and/or water contamination has been a serious problem
worldwide, due to population explosion, rapid industrialization

and lack of funds for pollution control and renewal of the envi-
ronment (Patil et al., 2016; Yılmaz, 2016). Heavy metals, the most
hazardous environmental contaminants, are natural elements that
could be supplied to soils by atmospheric deposition, agricultural
practices such as the application of fertilizer, pesticide and
municipal wastes such as composts, and sewage sludge (Abou
Elwafa et al., 2019). For instance, lead (Pb), and nickel (Ni) cause
morphological, physiological or biochemical harmful effects on
living organisms (Signa et al., 2017). In plants, they decrease
seedling development, root elongation, transpiration, chlorophyll
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production, cell division and eventually plant growth (Maestri
et al., 2010; Pourrut et al., 2011; Krzeslowska et al., 2016).
Although low concentrations of Ni have several roles in enhancing
plant growth and metabolism, high concentrations pose harmful
effects (Parlak, 2016; Gautam et al., 2017). Similarly, small quanti-
ties of these metals are essential for human health, though in
higher concentrations they become toxic, affecting brain, kidney,
lungs, liver and other important organs. Moreover, long-term
exposure to them can cause physical, muscular and neurological

degenerative processes, and even cancer (Jarup, 2003; �Alvarez
Mateos et al., 2019).

Numerous soil remediation technologies such as bio-
mineralization, bioleaching, biotransformation have been devel-
oped to eliminate metals and obtained some satisfactory results
(Govarthanan et al., 2013, 2014, 2015). However, more cost-
effectiveness soil remediation techniques are still necessary to
practical application and with high study-worthy (Chang et al.,
2019). Phytoremediation refers to the use of green plants and
their related microbiota, soil amendments, and agronomic tech-
niques to eliminate, comprise, or reduce harmful environmental
contaminants (Li et al., 2019). However, several factors such as
growth rate of plants, reduced biomass, phytotoxicity of metals,
geochemistry of the contaminated soil, biotic and abiotic stress in
plants, and limited uptake of metals hinder the efficiency of such
mechanisms (Praburaman et al., 2015).

Recently, the use of specific chelating agents and plant growth-
promoting rhizobacteria (PGPR) to increase the solubility andmetal
accumulation in plants (assisted phytoextraction) is receiving sig-
nificant attention (Meers et al., 2008a, 2008b, Evangelou et al.,
2007; Murakami et al., 2007; Shakoor et al., 2014). Metal’s
mobility and solubsility in the soil are most important for their
bioavailability. For this purpose, different chelating agents have
been used to enhance metal solubility in the soil (Ehsan et al.,
2014). In addition, the use of chelating agents increases the resis-
tance of a plant to drought stress and accumulation of metals in the
plant (Guo et al., 2019). Numerous studies suggested that the
addition of chelating agents, such as diethylene triamine penta
acetic acid (DTPA) and ethylenediamine tetraacetic acid (EDTA) and
N-(2-hydro- xyethyl)-ethylene diamine tri acetic acid (HEDTA) and
organic chelates such as citric acid may enhancemetal mobility and
bioavailability (Sinhal et al., 2010; Szczygłowska et al., 2011; Bareen,
2012; ; Chigbo and Batty, 2013). Synthetic chelators are capable of
phytoextraction but cause groundwater contamination and are
non-biodegradable (Anwer et al., 2012; Bareen, 2012). Furthermore,
negative effects of synthetic chelators have been reported to in-
crease toxicity of metals to plants and soil microorganisms (Tandy
et al., 2006; Evangelou et al., 2007).

It has been reported that synthetic chelating agents should be
replaced by biodegradable low molecular weight citric acid (CA) to
alter the chemical nature of metals, bioavailability and to improve
the phytoremediation of metals (Al Mahmud et al., 2018). Due to its
eco-friendly nature, easily biodegradable and non-toxic properties,
CA has been applied as an amendment for the betterment of phy-
toextraction of various metals (Anwer et al., 2012). Several studies
reported that CA has a role in enhancing the phytoremediation of
various metals by increasing metal mobilization and solubility and
also effective against metal-induced oxidative stress by enhancing
the activity of key enzymes involved in antioxidative defense sys-
tem (Gao et al., 2010; Freitas et al., 2013; Al Mahmud et al., 2018). In
addition, recent studies have also indicated the effect of vermi-
compost and its by-products on enhanced phytoremediation.
Abbasi et al. (2015) reported that the effect of vermicompost on
Eichhornia sp. growth along with a comprehensive comparison of
the physicochemical parameters, stability analysis, and micro and

macronutrient changes. However, based on our knowledge, there is
no report on the use of vermi-wash (VM) on effect of plants culti-
vated metal contaminated soils.

VW, a vermicompost extract, brown-colored liquid obtained by
washing the vermicompost system. It contains amino acids, vita-
mins, plant growth-promoting hormones, nitrogen, potassium,
zinc, calcium (Aghamohammadi et al., 2016). Several studies
applied VW as a potential bio-fertilizer, pesticide to enhance the
growth and productivity of crops. Thus, the objectives of the study
were to assess the effect of CA and VW on (i) growth, biomass,
antioxidants, chlorophyll and Rubisco protein levels of S. bicolor
grown in metal contaminated soil, and (ii) Pb and Ni phytoaccu-
mulation rate of S. bicolor grown in metal contaminated soil.

2. Materials and methods

2.1. Soil sample

Garden soil (0e30 cm topsoil) used in the experiments was
collected from the Biotechnology block (11.510610 N,
78.034411W), Mahendra Arts and Science College, Namakkal,
Tamil Nadu, India. The different physicochemical characteristics
such as, pH, electrical conductivity (EC), organic carbon (OC), water
holding capacity (WHC), nitrogen (N), phosphorus (P), sodium (Na),
potassium (P) of the soil sample were analyzed according to
Govarthanan et al. (2014). The soil sample was air-dried and sieved
through a 2mm metal sieve to remove the stones and other coarse
components of the soil and autoclaved for 20min at 121 �C for
15min. The sterilized soil was artificially contaminated with
100mg/kg of Pb and Ni individually, whereas control soil was
prepared without any metal contamination. The metal solutions
weremixedwith the soil samples and stabilized for 3e4weeks. The
moisture content of the soil samples were maintained at 60e70%
using double distilled water.

2.2. Pot experiments

S. bicolor seeds were purchased from the local agricultural
training center in Mallasamudram, Tamil Nadu, India. The seeds
were surface sterilized with 2% NaOCl washed several times with
distilled water and soaked (24e48 h) in distilled water at room
temperature for germination. The germinated seedlings were
transplanted into plastic pot (8 cm in diameter with 10 cm height)
filled with 500 g of soil contaminated with Pb and Ni respectively.
The pots weremaintained under fixed incubation conditions of 10 h
photoperiod, 26 �C with 60e65% of humidity. After 5e7 days of
seedlings adaptation, the pots were treated with 10ml of VM and
10ml of (10mM) CA respectively. However, the control pot was
treated with 10ml of distilled water. After 30 days, the plants were
harvested and the root systemwas cleaned with tap water followed
by distilled water. The shoot and root lengths were recorded. The
dry weights of shoot and roots are recorded as biomass of the plant.
The Pb and Ni concentration in the samples were determined using
atomic absorption spectroscopy (AAS) (Thermo Scientific™ iCE™
3500).

2.3. Biochemical assays

The antioxidant enzymes such as catalase (CAT), superoxide
dismutase (SOD) and peroxidase (POX) were assayed according to
the methods developed by Chance and Maehly (1955). The chlo-
rophyll concentrations of the plants were measured according to
Porra (2002). Protein and proline concentrations were estimated by
the methods of Lowry et al. (1951) and Bates et al. (1973)
respectively.
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2.4. Microscopic observation of shoot structure of S. bicolor

After 1 month treatment with CA and VW, the shoot thin-
section of the S. bicolor was prepared and stained with basic
strain safranin and fast green. After washing with water, the sec-
tions were observed under an inverted phase-contrast microscope
(Olympus- Magnus, Trinocular Microscope) and photographed to
check the accumulation of Pb and Ni on the shoots of S. bicolor.

2.5. Estimation of Rubisco protein

Rubisco protein was isolated from the leaves of S. bicolor grown
in Pb and Ni contaminated soils according to Wang et al., 1992. The
activity of the isolated Rubisco was spectrophotochemically spec-
trophotometrically determined at 340 nm according to Racker

(1962). The enzyme unit was calculated as one unit of enzyme
was defined as the amount of enzyme-producing 1M of RuBP per
min.

3. Results and discussion

3.1. Characterization of soil sample and effect of VW, CA on biomass
and morphological changes of S. bicolor

The texture of the study soil was sandy loamwith a neutral pH of
7.25. The EC and OC of the soil were approximately 2.69 (ds/m) and
14.75± 1.23% respectively (Table 1). The pH of the soil was neutral
with moderate EC. The AAS results revealed that trace amount (less
than 1%) of heavy metals including Pb and Ni were present in the
soil but the concentrations were below the detectable limit. The
effects of VW and CA on morphology of S. bicolor cultivated in the
Pb and Ni contaminated soils are represented in Fig. 1. The biomass
of CA and VW treated S. bicolor plants were significantly increased
when compared with the control plants. CA treated plants showed
24, and 26% of increased biomass in Pb and Ni amended soils,
whereas, VW treated plants showed 11 and 9% increased in Pb and
Ni amended soils. (Fig. 2). Compared to control, CA treated plants
showed 3 and 5 cm of increased shoot and root length cultivated Pb
and Ni contaminated soils, whereas, VW treated plants showed 6
and 8 cm of increased shoot and length compared to CA cultivated

Table 1
Physico-chemical properties of soil.

Parameter value

pH 7.3
EC (ds/m) 2.69
Organic matter (%) 14.75± 1.23
Na (meg/100 g) 36.5± 1.21
K (meg/100 g) 49.5± 1.91
NH4 (meg/100 g) 51.3± 2.1

Fig. 1. Effects of VW and CA on the morphology of S. bicolor cultivated in the Pb and Ni amended soil.
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with Pb and Ni contaminated soil respectively (Table 2). Statistical
analysis showed significant differences (P< 0.05) for biomass,
shoot length and root length in CA and VW treatments. The
biomass and plant growth results indicated that the addition of VW
improved the growth characteristics as well as amelioration of Pb
and Ni toxicity symptoms in S. bicolor.

The difference in the biomass and growth rate of S. bicolor be-
tween CA and VW was due to the presence of essential nutrients
such as nitrogen, phosphorus, and potassium in VW (Majumdar
et al., 2018). Jiang et al. (2012) reported that high biomass,
elevated levels of metals in shoot and root parts of the plants could
be more successful practice of phytoremediation. Han et al. (2018)
reported that the addition of CA and other synthetic organic acids
in the heavy metals contaminated soils could alleviate the toxicity
on particular plant to a certain extent as well as beneficial to the
growth of plants. However, the CA and other organic acids have
only limited nutrient source for the plant compared to VW (Suthar
et al., 2014).

3.2. Effect of VW and CA on chlorophyll concentration of the plants
cultivated in Pb and Ni contaminated soil

The effect of VW and CA on the chlorophyll concentration of the
plants was investigated and represented in Fig. 3 (a and b). VW
significantly increased chlorophyll concentrations of the plants
cultivated in Pb and Ni contaminated soil. VW treatment showed
maximum total chlorophylls concentration (25.2 and 22.9mg/g)
compared to CA treated plants (23.2 and 21.0mg/g) in Pb and Ni
contaminated soils. Ehsan et al. (2014) found that the addition of CA
significantly increased total chlorophyll concentration of Brassica
napus cultivated with cadmium contaminated soil.
Aghamohammadi et al. (2016) reported that VW enhances the
chlorophyll contents of the plants by increasing photosynthetic
pigments.

3.3. Influence of VW and CA on antioxidant enzymes of S. bicolor

It has been reported that the tolerance of plants to heavy metals
stress is associated with the induction of antioxidant enzymes.
Thus, the antioxidant activity of the VW and CA treated S. bicolor
cultivated in Pb and Ni soil was investigated. Accordingly, CAT, SOD,
and POX enzymes were analyzed and the results presented in Fig. 4
(a and b). The results showed differences in enzyme activities be-
tween the control, as well as between plants grown in a Pb and Ni-
contaminated soils treated with VWand CA. The VW treated plants
showed an increased concentration of enzyme activities compared
to CA in Pb and Ni contaminated soils. The plants grown in Pb soil
treated with VW showed 140, 125 and 152 u/mg of CAT, SOD and
POD activity. However, plants grown Ni contaminated soil treated
with VW showed increased CAT, SOD and POD activities (135, 130

Fig. 2. Influence of VW and CA on the biomass of S. bicolor cultivated in the Pb and Ni
amended soil.

Table 2
Effect of VW and CA on shoot and root lengths of Sorghum bicolor cultivated in the Pb and Ni contaminated soil.

Sample Control CA treated CA treated

Pb Ni Pb Ni Pb Ni

Root length (cm) 2.5± 0.1 2.7± 0.2 3.0± 0.2 3.4± 0.2 6.3± 0.2 6.5± 0.2
Shoot length (cm) 7.2± 0.4 7.7± 0.3 9.3± 0.2 9.7± 0.1 11.2± 0.2 11.8± 0.2

Fig. 3. (a,b). Chlorophyll concentrations of S. bicolor treated with VW and CA cultivated
in the Pb and Ni amended soil.
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and 142 U/mg) respectively. The results indicated that there is no
significant difference in the antioxidant enzymes level of VW
treated S. bicolor plants irrespective of metals. On the other hand,
the CA treatment showed 125, 112 and 132 U/mg of CAT, SOD, and
POD in plants of Pb contaminated soils and 118, 110 and 120 U/mg
of CAT, SOD, and POD in plants of Ni contaminated soil respectively.
The order of antioxidant enzyme activity in plants was found to be
VW> CA> control in both Pb and Ni contaminated soil. Ehsan et al.
(2014) reported that the addition of citric acid significantly in-
creases the SOD and POD activities in B. napus cultivated with
cadmium contaminated soil. It has been confirmed that the CA
scavenges oxidative stress by the increase of H2O2 production and
enhanced the increased activity of antioxidant enzymes as well as
protected plants from oxidative stress (Najeeb et al., 2009).

3.4. Anatomical observation of shoot section of S. bicolor treated
VW and CA

A three mesophyll cell of the shoots within the upper and lower
epidermis was found in both VW and CA treatment. The results
indicated that the Pb and Ni not affected the VW and CA treated
shoot mesophyll cells of S. bicolor. These results are consistent with
the previous study reported the positive impact of organic acids on
the root and leaf structure of Iris halophila cultivated in Pbmine soil

(Han et al., 2018). It has been reported that the heavy metal stress
can reduce plant growth, cause physiological and metabolical dis-
orders, and damage of root, shoot, leaf, and even death. Han et al.
(2018) reported that some of organic acids alleviate the metal
cytotoxicity to the plant system.

3.5. Rubisco activity on VW and CA treated plants

Rubisco protein estimation has been performed and the results
were presented in Fig. 5. The results indicated that the enhanced
activity of Rubisco was found in the plants (grown in Pb and Ni
contaminated soil) treated with both VW and CA. In particular, the
plants grown in Pb contaminated soil treated with VW showed the
enhanced activity of 1.49 U/ml, whereas, CA treatment showed 1.23
U/ml of Rubisco. Both the treatments showed higher activity than
the control (0.72 U/ml). Arena et al. (2017) reported that the Cynara
cardunculus grown in Pb contaminated soil showed enhanced
Rubisco activity compared to untreated plants. It has been reported
that the photosynthetic enzyme concentrations decrease in metal
treated sensitive plants, whereas tolerant species adopt heavy
metal stress by enhancing Rubisco activity. In this study, the addi-
tion of VW neutralizes the Pb and Ni in soil lead to enhanced
Rubisco activity.

4. Conclusion

The results clearly indicated that the VW amendment increased
biomass, shoot and root lengths, chlorophyll concentrations, anti-
oxidant enzymes, and Rubisco proteins of plants cultivated in Pb
and Ni contaminated soil compared to CA. Therefore, the present
study suggested that the VW could be used as a potential chelator
for phyto-accumulation of heavy metals, as well as growth-
promoting formulation. Hence, the VW could be replaced the CA
for the enhanced phytoremediation of heavy metals.
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Fig. 4. Effects of VW and CA on antioxidant enzymes of S. bicolor cultivated in the Pb
and Ni amended soil.

Fig. 5. Effects of VW and CA on the activity of Rubisco in leaves of S. bicolor cultivated
in the Pb and Ni amended soil.
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Abstract
Lignocellulosic agricultural bi-products, pearl millet (PM) and finger millet (FM) husks, were used for the production of 
laccase using Bacillus sp. PS under solid-state fermentation (SSF). Abiotic variables such as substrate (PM, FM) concen-
tration (1–5%), incubation time (24–96 h) and pH (5–10) were optimized using Response surface methodology (RSM) to 
maximize the laccase production. The predicted model showed maximum laccase activity of 402 U/mL appearing after 96 h 
of incubation with PM 2.0 g/L and FM 1.5 g/L at pH 7.0. Single protein band on sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) confirmed homogeneity of the laccase with a molecular weight of 63–75 kDa. The partially 
purified laccase effectively degraded the pesticides (Tricel, 71.8 ± 3.5 and Phoskill 77.3 ± 3.4%) within 5 days of incubation 
(40 °C) in pH 7.0. The pesticide degradation was further confirmed by high-performance liquid chromatography (HPLC) and 
the chromatograms showed the single dominant peaks at retention time 2.482 (tricel) and 2.608 (phoskill) min, respectively. 
Pesticide-degrading laccase was produced by Bacillus sp. PS under SSF reveals the utilization of low-cost bi-substrates for 
enhanced laccase production.

Keywords Bacillus sp. · Finger millet · Pearl millet · Laccase · Phoskill · Tricel

Introduction

Pesticides are widely used in modern agriculture to control 
pests and crop losses, and to increase commodity, yield and 
quality. It has been reported that ~ 80% of crop yields have 
been lost when pesticides are not used (Zhou et al. 2015). 
However, reckless an irrelevant use of pesticides has con-
tributed to the global pesticide pollution. Pesticides used in 

agriculture, in addition to contaminating the environment, 
tend to accumulate in biological organisms, biomagnify 
across the food chain, and cause several disorders to the 
biotic communities in the ecosystem (Pizzul et al. 2009). 
The clinical disorder associated with pesticide exposures 
includes cancer, birth deformities, memory loss, respiratory 
issues, etc. in both human and animal systems (Upadhyay 
et al. 2016). Thus, it is important to remediate pesticide-
contaminated soil/water.

Numerous physical and chemical methods have been 
reported for the removal of pesticides from contaminated 
soil or water. Although these conventional methods were 
reported as being effective, they are not without shortcom-
ings. Thus, researchers are exploring an eco-friendly and 
in-expensive technology to alleviate pesticide pollution in 
the contaminated environment. Several studies have reported 
that the microorganisms present in the soil degrade the pesti-
cides through enzymatic oxidation, reduction, and hydrolysis 
mechanisms (Amitai et al. 1998; Eduardo et al. 2003). Thus, 
the present study focuses on the use of soil microorganisms 
in pesticide degradation.
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Laccase (EC 1.10.3.2, Benzenediol: oxygen oxidore-
ductase), a multi-copper oxidase enzyme, catalyzes a wide 
range of reactions involving organic and inorganic substrates 
(Wang et al. 2017; Sharma et al. 2017; Jaya Mary et al. 
2018), such as oxidation of phenolic derivatives, polymeri-
zation of monomers and polymer degradation (Rodriguez 
Couto and Toca Herrera 2006). High catalytic capacity and 
low substrate specificity enhance the enzyme’s applications 
in industries (paper, pulp, textile, petrochemical), bioreme-
diation, medicine and nano-sciences (Kuddus et al. 2013; 
Garlapati et al. 2019).

Laccases are produced by bacteria (Chauhan et al. 2017), 
fungi (Dhiman and Shirkot 2015) and cyanobacteria (Demis-
sie and Kumar 2014). Among the various sources, bacterial 
laccases have high stability at elevated temperature and pH 
compared to fungal and plant laccases (Margot et al. 2013). 
In addition, bacterial laccases have broad substrate speci-
ficity and are cost-effective (Lu and Miyakoshi 2012). In 
recent years, agro-industrial wastes have gained increasing 
attention due to their low costs, alleviation of environmental 
toxicity, vast quantity and the potential to convert waste into 
different high value-added products (Wolfenden and Wil-
son 1982). Several studies report using single agro-indus-
trial wastes for the production of laccases (Laemmli 1970). 
However, the use of bi-substrate combination for enhanced 
laccase production has not been reported in the literature.

In this study, a combination of PM and FM husks was 
used for the production of laccase. The PM and FM are the 
one of the important agricultural commodities in the sam-
pling site. Moreover, these agricultural bi-products are easily 
available at agro-industries. The millets grew rapidly, within 
a short period of time and the husks were accumulated from 
the farm fields. These husks are among the millions of tons 
of agro-industrial wastes seeking ways of eco-friendly utili-
zation (Karimi et al. 2016). The easy renewability, biodeg-
radability, and cost-effectiveness of these millets attract pos-
sible utilization of value-added products. Thus, the present 
study uses millet husks for the production of laccase. Thus, 
the aim of this study is to (1) isolate and identify laccase-
producing bacteria from soil, (2) optimize laccase produc-
tion using agro-industrial wastes (PM and FM husks), (3) 
purify and characterize laccase, and (4) assess the pesticide 
degradation potentials of laccase.

Materials and methods

Isolation and identification of laccase‑producing 
bacteria

Soil samples were collected from dye effluents stream 
at Pallipalaiyam (Latitude: 11°23′22.79″N, Longitude: 
77°44′20.99″E), Tamil Nadu, India. The collected soil 

samples were immediately transferred to laboratory for 
further studies. The isolation of bacteria from soil was 
carried out according to Govarthanan et al. (2016). Briefly, 
after appropriate serial dilutions, the growth of bacterial 
isolates was enriched by incubating with nutrient agar 
medium at 35 ± 2 °C for 24–36 h. The pure cultures were 
obtained from continuous streaking methods and were 
stored at 4 °C. The pure cultures were screened for lac-
case activity using plate method. Briefly, the cultures were 
spotted on nutrient agar plates amended with 5 mM guai-
acol and plates were incubated at 35 ± 2 °C for 24–36 h. 
The formation of reddish brown color around the bacterial 
colonies indicated laccase production.

Genomic DNA was extracted using QIAGEN (CA, 
USA) DNA extraction kit according to manufacturer’s 
instruction. Amplification of 16S rDNA gene was per-
formed using universal primers 27 f (5′ AGA GTT TGA 
TCA TGG CTC AG 3′) and 1492 r (5′ CAC GGA TCC 
TAC GGG TAC CTT GTT ACG ACT T 3′). The puri-
fied PCR products were sequenced in an automated ABI 
PRISM 3700 sequencer (USA) and the obtained sequences 
were compared using the BLAST search. The neighbor-
ing bacterial strain and the percentage of similarity were 
obtained from BLAST match. Phylogenetic tree was con-
structed using mega software based on neighbor-joining 
method.

Substrate pretreatment and characterization using 
scanning electron microscopy, Fourier‑transform 
infrared spectroscopy

Pearl millet and FM were obtained from local farm field 
at Mallasamudaram, Tamil Nadu, India, and chopped into 
small pieces. The chopped PM and FM were washed with 
tap water and dried at 60 °C for 12–24 h and grounded into 
10–20 mm mean particles. Table 1 shows the chemical 
composition of PM and FM. The PM and FM were soaked 
in sodium hydroxide (1% w/v) solution with a solid–to-
liquid ratio of 1:10 at 121 °C for 30 min. The NaOH-
treated PM and FM were thoroughly washed with sterile 
distilled water to remove traces of base followed by dry-
ing at 50 °C (Liu et al. 2016; Selvam et al. 2016a, b; Guo 
et al. 2017; Sharma et al. 2018). The dried and pretreated 
PM and FM were used for characterization and fermen-
tation studies. Scanning electron microscopy (SEM, Jeol 
JSM 6390, USA) was used to examine the morphological 
modifications of PM and FM before and after the NaOH 
pretreatment operating with high vacuum at 10 kV. The 
changes in the functional groups of control and pretreated 
substrates were analyzed using Fourier-transform infrared 
spectroscopy (Shimadzu IRAffinity-1 Spectrometer, USA).
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Solid‑state fermentation, enzyme assay and protein 
estimation

Solid-state fermentation was carried out in 100 ml Erlen-
meyer flasks containing the pretreated PM and FM and were 
vigorously mixed, moistened (70%) using distilled water 
and autoclaved at 121 °C for 15 min. After sterilization, the 
flasks were cooled and inoculated with 5 mL of isolated bac-
teria carrying  108 cells  mL−1 (0.8 OD at 600 nm) as a seed 
culture under aseptic condition. The flasks were incubated 
under conditions stated in Box-Behnken design (BBD). 
Laccase activity was determined according to Wolfenden 
and Wilson (1982) using ABTS (2, 2′-azino-bis (3-ethylb-
enzothiazoline-6-sulphonic acid) as substrate. Protein con-
centration was estimated according to the method described 
by Lowry et al. (1951) using bovine serum albumin as the 
standard.

Optimization of laccase production

Box-Behnken design was employed for screening of sig-
nificant factors which influence the laccase production 
under SSF. Four factors were screened including PM and 
FM concentrations (1–5%), incubation time (24–96 h) and 
pH (5–10). The design consisted of 46 trials and the inde-
pendent process variables were studied at 3 different levels 
(Table 2). Second-order polynomial coefficient equation was 
developed to fit the experimental results for identifying the 
model terms. The general form of the second-order polyno-
mial Eq. (1) is

where Y is the predicted response (laccase production), xixj 
are input variables which influence the response laccase 
production; β0, offset term; βi linear coefficient; βii quad-
ratic coefficient and βij is interaction coefficient. Statistical 
analysis of the BBD was evaluated using analysis of vari-
ance (ANOVA), correlation and coefficient determination 
(R, R2). Designing the experiments and statistical analysis 
of this study were performed using Design-Expert statistical 

(1)Y = �0 +

∑

�iXi +

∑

�iiX
2

i
+

∑

�ijXiXj,

software (Version 11.0, Stat-Ease Inc., and Minneapolis, 
USA). All the experiments were carried out in triplicates.

Partial purification and sodium dodecyl sulfate 
polyacrylamide gel electrophoresis

The crude laccase was precipitated with ammonium sulfate 
at a final concentration of 80% (w/v) and incubated for 5 h 
at 4 °C. After incubation, the precipitate was centrifuged at 
17,000 g for 20 min and re-suspended with 100 mM sodium 
acetate buffer and dialyzed against the same buffer for 12 h. 
The resulting super natant was used for SDS-PAGE. The 
molecular mass of the partially purified laccase was deter-
mined using SDS-PAGE according to Laemmli (1970).

Effect of pH and temperature on partially purified 
laccase activity

The optimum pH of partially purified laccase activity was 
determined by measuring the enzyme activities at pH 4–9 
using ABTS as substrate. Briefly, laccase was equilibrated 
with 50 mM sodium citrate buffer (pH 4–6) and 50 mM 
sodium phosphate buffer (pH 6–8). The optimum tem-
perature for laccase activity was studied by incubating the 
reaction mixture at different temperatures (30–80 °C). The 
residual laccase was measured with time by standard assay 
conditions (Selvam et al. 2014, 2016a, b).

Degradation of pesticides by laccase and residual 
analysis by HPLC

Tricel (chlorpyrifos) and phoskill were used for degrada-
tion experiments, which are commonly used by farmers 
in India. These pesticides were obtained from local agri-
cultural extension centre at Mallasamudram, Tamil Nadu, 
India. Batch experiments were carried out according to Jin 
et al. (2016) with minor modifications. Briefly, 20 mg/L 
of pesticides were mixed with the buffer solutions (citric 
acid-dibasic sodium phosphate buffers) and incubated in 
dark room at 30 °C for 5 days. The samples were col-
lected at predetermined time intervals and the pesticide 
concentration (Delcour et al. 2015) was determined using 

Table 1  Chemical composition 
of pearl millet (PM) and finger 
millet (FM)

S.no. Chemicals Composition (mg/100 g) References

PM FM

1. Moisture 11.27± 0.17 5.58± 0.21 Audu et al. (2018)
2. Crude fat 6.42± 0.11 7.94± 0.06 Kumar and Chauha (1993)
3. Ash content 2.05± 0.05 2.51± 0.11 Azhari et al. (2017)
4. Crude protein 9.48± 1.26 8.42± 0.05
5. Crude fiber 1.30± 0.005 2.51± 0.06
6. Carbohydrate 69.57± 0.04 73.32± 0.23
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HPLC (LC-20AD, Shimadzu, and Tokyo, Japan). The 
reaction mixture without laccase was used as a control 
for this experiment. All the analyses were carried out in 
triplicates.

Results and discussion

Isolation and identification of laccase‑producing 
bacteria

A total of seven different bacterial strains were isolated 
from the soil samples collected at Pallipalayam (Latitude: 
11°23′22.79″N, Longitude: 77°44′20.99″E) Tamil Nadu, 
India. Among the seven isolates, one isolate designated 
as PS produced reddish brown color on the Nutrient agar 
plate. Thus, the isolate PS was identified and used for 
further studies. The 16S rRNA sequence of the selected 
isolate PS showed closest similarity (93%) with Bacillus 
sp. strain NGRH (GenBank Accession No. KX583530) 
available in NCBI database. The partial 16S RNA gene 
of the isolate PS was submitted in NCBI with GenBank 
accession number MF957300. Figure 1 shows the phyloge-
netic relationship of the isolate PS with other Bacillus sp. 
Recent study reported the production of the laccase using 
variety of fungi (Binod et al. 2012). However, limited 
studies made an attempt for the laccase production using 
Bacillus sp. (Zhao et al. 2012). Narayanan et al. (2015) 
reported that the production of laccase from Bacillus sub-
tilis using agro-residues. However, there is no report on 
potential laccase-producing Bacillus sp. isolated from dye 
effluent streams utilizing PM and FM husks as a potential 
substrates.

Table 2  Box–Behnken design for the variables and the experimen-
tally observed responses

Run A: pH B: tem-
perature 
(°C)

C: pearl 
millet 
(g/l)

D: finger 
millet (g/l)

Laccase enzyme 
activity (U/ml)

1 7 40 2 1.5 402
2 6 55 2 0.5 221
3 7 40 2 1.5 402
4 8 40 3 1.5 252
5 7 40 2 1.5 402
6 4 40 1 1.5 240
7 4 55 2 1.5 202
8 8 40 2 2.5 234
9 8 40 2 0.5 228
10 7 40 2 1.5 402
11 6 40 2 0.5 276
12 6 40 3 0.5 233
13 6 25 2 1.5 232
14 6 25 2 2.5 223
15 7 40 2 1.5 402
16 4 40 2 1.5 226
17 4 40 2 1.5 219
18 6 40 3 1.5 256
19 6 25 1 1.5 236
20 6 40 1 0.5 251
21 4 40 3 1.5 228
22 6 40 2 2.5 269
23 8 25 2 1.5 125
24 6 55 2 1.5 231
25 8 40 1 1.5 244
26 6 25 2 0.5 220
27 4 40 2 2.5 229
28 7 40 2 1.5 402
29 8 40 2 1.5 291
30 6 55 2 1.5 238
31 6 40 1 1.5 298
32 6 55 3 1.5 246
33 4 40 2 0.5 228
34 8 55 2 1.5 225
35 6 55 1 1.5 244
36 7 40 2 1.5 402
37 6 25 2 1.5 244
38 8 40 2 1.5 236
39 6 25 2 1.5 258
40 6 40 1 2.5 261
41 6 40 2 2.5 270
42 6 40 2 0.5 253
43 6 40 3 2.5 276
44 6 40 1 1.5 273
45 4 25 2 1.5 240
46 6 40 3 1.5 256

Fig. 1  16S rDNA-based phylogenetic analysis of Bacillus sp. strain 
PS. The Phylogenetic tree was constructed by the neighbor-joining 
method using MEGA, version 6 (Selvankumar et al. 2017). The scale 
bar shows 0.2 nucleotide exchanges per nucleotide
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Substrate pretreatment and its characterization 
using SEM and FT‑IR

Several studies reported that substrate pretreatment modi-
fies or loosens the structure of cell wall, causes delignifi-
cation of hemicelluloses and lignin, and improves enzyme 
production (Liu et al. 2016; Selvam et al. 2016a, b; Guo 
et al. 2017; Sharma et al. 2018). Thus, the PM and FM were 
pretreated using NaOH and the micrographs were depicted 
in (Fig. 2a–d). Before NaOH treatment, PM and FM sur-
faces were smooth and rigid in nature which was hard for 
the bacterial system to colonize on the surface of the sub-
strates. However, NaOH pretreatment could obliterate the 
linkages of inter-units and functional groups which cause the 
disruption of cell wall and lignin structure of the substrates 
as well as increased surface area to make more availability 
and accessibility.

The functional group changes before and after pretreat-
ment of substrates were analyzed using FT-IR. Figure 3a 
shows the FT-IR spectra of PM before and after NaOH 
treatment and Fig.  3b shows the spectrum of FM. The 
significant reductions in the intensity of some peaks were 
observed for the PM after NaOH pretreatment, such as 
lignin peaks at 1551.80 and 1644.36 cm−1 (Fig. 3a). The 

near absence of this peak indicates the removal of lignin 
content through NaOH pretreatment. Similarly, lignin peaks 
at 1421.60 and 1321.30 cm−1 were significantly reduced in 
NaOH-pretreated FM (Fig. 3b). Both PM and FM NaOH-
treated substrates have large band at 3555.92, 3410.29 and 
2935.78 cm−1and they are assigned as the O–H stretching of 
hydrogen bonds and C–H bonds. These bands are responsive 
to characteristic features of cellulose.

Optimization of laccase production using BBD

BBD was applied to identify the optimal conditions for 
the enhanced production of laccase. Table 3 represents the 
experimental design. ANOVA of the quadratic regression 
showed the significant model terms and it was evidenced 
that the Fisher’s F test had a very high probability value (F 
value = 5.37). Values of ‘Prob ˃ F’ (0.0001) indicate that the 
term of the model was significant. The Model F value of 
5.37 implies that the model was significant. There was only a 
0.01% chance that a model F value could occur due to noise. 
The predicted R2 (0.4130) and adjusted R2 (0.5760) values 
for laccase production were in reasonable agreement with 
the value of R2 (0.4130), which is closer to 1.0, that indicates 
the better fitness of the model in the experimental data.

Fig. 2  a–d Surface morphology of substrates, a control and b NaOH-pretreated pearl millet (PM), c control and d NaOH-pretreated finger millet 
(FM)
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The 3D plots, a graphical representation, generated 
(Fig. 4) explain the optimum levels of the variables that 
were obtained by BBD. The model was predicted with a 
maximum laccase activity of 402 U/mL appearing after 96 h 
cultivation with PM 2.0 g/L, FM 1.5 g/L of substrates at pH 
7.0. The results were consistent with previous study report-
ing the maximum laccase (345 U/mL) production by Bacil-
lus subtilis (Narayanan et al. 2015). However, our results 
showed the production of high amount of laccase with the 
presence of bi-substrate combination. The predicted model 
was validated and experiments were conducted using these 
optimal conditions. The predicted model values were in 
good agreement with the values measured in these experi-
ments, thus mitigating the validity of the response model 
with the necessity for optimal conditions. The graphs high-
lighted the roles played by the variables in the production 
of laccase. The coefficients of the regression equation were 
calculated from the following regression equation:

(2)

Y = 365.91 + 12.25A + 7.59B−7.22C + 4 ∶ 15D + 34.50AB

+5.00AC + 1.25AD + 13 ∶ 36BC−2.41BD + 8.25CD

−77.96A2
−95.65B2

−57.55C2
−65.23D2,

where Y stands for laccase activity, A is pH, B is incubation 
time, C is PM and D is FM.

Purification of laccase

The crude laccase was partially purified with 80% satura-
tion in ammonium sulfate precipitation. The crude enzyme 
showed maximum laccase activity of 100 U/mL, and the 
dialyzed samples showed 210  U/mL. Simultaneously, 
13.45 mg/mL of protein was obtained from partially puri-
fied laccase. Sodium dodecyl sulfate polyacrylamide gel 
electrophoresis was carried out to determine the molecular 
weight of the produced laccase from Bacillus sp. utilizing 
PM and FM as substrates. The results revealed the presence 
of laccase ~ 63–75 kDa (Fig. 5). The results are consistent 
with previous studies that reported the range of molecular 
weight of the laccase (Narayanan et al. 2015).

Effect of pH and temperature on laccase activity

The optimum pH of the purified laccase activity was stud-
ied in the range of pH 4–9 and the results are depicted in 
(Fig. 6a). The maximum activity (93.5%) of the enzyme was 
observed at pH 7 and considerable activity was observed 

Fig. 3  Fourier-transform infrared spectra of a control and NaOH-pre-
treated pearl millet (PM), b control and NaOH-pretreated finger mil-
let (FM)

Table 3  Analysis of variance (ANOVA) for the response surface 
quadratic model

Significance values are in bold

Source Sum of 
squares

df Mean square F value p value

Model 1.300E + 05 14 9289.21 5.37 < 0.0001
 A-pH 2506.92 1 2506.92 1.45 0.2379
 B-tempera-

ture
783.77 1 783.77 0.4528 0.5060

 C-pearl 
millet

742.98 1 742.98 0.4292 0.5172

 D-finger 
millet

244.90 1 244.90 0.1415 0.7094

 AB 4761.00 1 4761.00 2.75 0.1073
 AC 100.00 1 100.00 0.0578 0.8116
 AD 6.25 1 6.25 0.0036 0.9525
 BC 480.95 1 480.95 0.2778 0.6019
 BD 15.50 1 15.50 0.0090 0.9252
 CD 272.25 1 272.25 0.1573 0.6944
 A2 49,127.36 1 49,127.36 28.38 <0.0001
 B2 73,252.31 1 73,252.31 42.32 <0.0001
 C2 27,737.94 1 27,737.94 16.02 0.0004
 D2 36,057.23 1 36,057.23 20.83 <0.0001

Residual 53,662.83 31 1731.06 – –
 Lack of fit 51,185.16 16 3199.07 19.37 < 0.0001
 Pure error 2477.67 15 165.18 – –

Cor total 1.837E + 05 45 – – –
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at pH 6 (84%) and 8 (88%). However, the enzyme activ-
ity was decreased to less than 60% at high acidic and alka-
line pH. Thus, it was concluded that the extracted laccase 
showed activity in wider pH range (pH 6–8). The results 
were consistent with previous study reported that the lac-
case extracted B. subtilis MTCC 2414 and Bacillus sp. PC-3 
exhibited good activity at wide range of pH (Narayanan et al. 
2015; Sonica et al. 2015).

The optimum temperature of the purified laccase activ-
ity was observed at 40 °C (Fig. 6b). However, a gradual 
decrease in the enzyme activity was observed with increase 
in the temperature and it could be due to the denaturation of 
proteins. The results are in agreement with previous study 
reported the optimum laccase activity at 40 °C (Mishra and 
Srivastava 2016; Chauhan et al. 2017). The results indicate 
the applicability of laccase at different pH and temperature.

Fig. 4  Response 3D plots of 
laccase production under BBD 
optimized conditions with pH, 
cultivation time, and concentra-
tion of pearl millet (PM) and 
finger millet (FM) as fixed 
variables
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Degradation of pesticides by laccase and residual 
analysis through HPLC

High-performance liquid chromatography analysis was 
performed to determine the residual pesticides and their 
degradation products. The time course degradation study 

shows (Fig. 7a–d) that the maximum degradation (Tricel 
71.8 ± 3.5 and Phoskill 77.3 ± 3.4%) was observed at day 
5. However, minimum degradation of tricel (10.4 ± 2.1%) 
and phoskill (11.3 ± 2.0%) was observed on the very first 
day. A gradual increase in the tricel and phoskill degrada-
tion was observed according to the incubation time. The 
results are consistent with previous study that reports 
increased degradation by increasing the incubation period 
(Kim et al. 2017). Jin et al. (2016) observed the maximum 
degradation of chlorpyrifos (~ 80%) after 8 days of incu-
bation. However, our study achieved that 71.8% of tricel 
(chlorpyrifos) within 5 days of incubation.

The residual analyses of the pesticides were determined 
using HPLC. The results have been compared with their 
controls (without laccase). Both the controls (tricel and 
phoskill) showed the single dominant peaks at a reten-
tion time of 2.482 (tricel), 2.608 (phoskill) min, respec-
tively. The control chromatograms did not show any abso-
lute peaks. However, the laccase-treated chromatograms 
showed their solute peaks at retention time at 5.027 (tri-
cel-laccase treated) and 4.051 (phoskill-laccase treated) 
min, respectively. The results indicated that the removal of 
tricel and phoskill was due to biodegradation, not biosorp-
tion or any other mechanisms. Fungal laccases showed 
high activity at the slightly alkaline pH values (7–8) as 
well as tolerance to high NaCl (> 1 M) concentrations 
(Molina Guijarro et al. 2009). The degradation of toxic 
pesticides by Bacillus sp. suggests the potential alternative 
to the fungal laccases in the degradation of pollutants in 
the ecosystem.

Conclusions

The present study reveals that FM and PM husks could be 
used as the combined substrates for enhanced laccase pro-
duction by Bacillus sp. PS in SSF. The maximum laccase 
activity (402 U/mL) was achieved after 96 h of cultivation 
with PM 2.0 g/L, FM 1.5 g/L of substrates at pH 7.0. The 
partially purified laccase exhibited a molecular mass of 
63–75 kDa and optimum pH 7.0 and optimum temperature 
40 °C. In addition, the enzyme demonstrated the effective 
degradation of tricel (71.8%) and phoskill (77.3%) pesti-
cides. Meshophilic and neutral pH characteristics of the 
laccase from Bacillus sp. PS indicate its applicability in a 
variety of industrial process as well as decontamination of 
the pesticide that pollutes soil.

Fig. 5  SDS-PAGE electrophoresis image of partially purified laccase 
produced by Bacillus sp

Fig. 6  Activity of partially purified laccase at pH between 4 and 9 (a) 
and temperatures between 30 and 80 °C (b)
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Abstract 

The present study focused on the evaluation of antibacterial property of silver 

nanoparticles (AgNPs) synthesized using mango flower extract. The morphology of the 

synthesized AgNPs was observed under transmission electron microscopy and the particles 

have shown spherical shape in the range of 10-20 nm. X-ray powder diffraction analysis 

confirmed the crystalline nature of the AgNPs. The atomic percentage of the Ag element in 

the nanoparticles was about 7.58% which is greater than the other elements present in the 

sample. The AgNPs showed extensive lethal effect on both Gram-positive (Staphylococcus 

sp.) and Gram negative (Klebsiella sp., Pantoea agglomerans, and Rahnella sp.) bacteria. 

The extensive lethal effect of AgNPs against clinically important pathogens demonstrated 

that the mango flower mediated AgNPs could be applied as potential antibacterial agent to 

control the bacterial population in the respective industries. 
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1. Introduction 

Bacterial contaminations remain as a one of the most severe issues in medical 

devices, water treatment and food industries [1]. Both Gram-positive and Gram-negative 

bacteria are the common contaminants and cause diseases in human beings [2, 3]. Several 

antibacterial agents are available in the market to control bacterial contaminations in various 

products. However, these available antibacterial agents have numerous drawbacks such as, 

reduced solubility, high cost, toxicity and side effects [4]. Thus, there is much interest to 

investigate safe and effective antibacterial compounds [5], [6]. Currently, in several products, 

such as in disinfectants, the active substance used is metal nanoparticles, silver nanoparticles 

being one of the most efficient against pathogenic bacteria [7]. Silver nanoparticles (AgNPs) 

synthesis has gained much attention because they potentially offer a solution to overcome 

bacterial contaminations and/or infections in an effective and safe approach. 

Several physico-chemical routes, including electro-chemical [8], photochemical [9], 

and radiation methods [10] are commonly used to produce AgNPs. These methods, however, 

have disadvantages due to environmental contamination or toxic residues in the nanoparticles 

[11]. Therefore, new environmentally friendly techniques, which use biological organisms to 

mediate the nanoparticle synthesis, are still searched.  

Efficient biological substrates used in the production of AgNPs are various, for 

instance, plant extracts [12], [13], microorganisms [14], algae [15], panchakavya [16], 

oilcake [17], vegetable waste [18], seaweed [19], enzymes [20], and metabolites of 

arthropods [21]. It has been generally suggested that plant based materials are promising 

substrates for the AgNPs synthesis because the process is simple to scale up [22]. 



  

Mango (Mangifera indica L.) is an important tropical and sub-tropical crop belonging to 

the Anacardiaceae family [23], [24]. The leaves of this native South-Asian species have 

various properties, including antidiabetic, antimicrobial and anti-inflammatory activities [25]. 

AgNPs have been successfully synthesized using mango peel [26] and leaves [27]. Mango 

flowers have not been reported for their efficiency of AgNPs synthesis and its broad-

spectrum antibacterial activity. Hence, the study aimed (i) to produce AgNPs using a mango 

flower extract, (ii) to characterize the biosynthesized AgNPs using various spectroscopic 

techniques, and (iii) to measure their antibacterial property. 

2. Methods 

2.1. Plant material 

Analytical grade chemicals were used, AgNO3 was purchased from Sigma-Aldrich Chemicals 

(USA). Fresh and healthy flowers of M. indica were collected from Mallasamudram, Tamil 

Nadu, India. The collected flowers were first rinsed with running tap water and then with 

autoclaved water until no dust particles remained. The flowers (25 g) were mixed with 

autoclaved water (250 ml), grinded using a juicer, filtered through Whatman No.1 filter paper 

and stored at 4˚C for the AgNPs synthesis. 

2.2. AgNPs biosynthesis  

AgNPs synthesis was carried out as described in Govarthanan et al. [15]. An aliquot of 4 ml 

of the prepared extract was mixed with 96 ml of AgNO3 (1 mM) and mixed with vigorous 

magnetic stirring for 30 min until the color change from pink to brown indicated the synthesis. 

The mixture was centrifuged at 3000 rpm for 15 min, the pellet was dispersed in double-

distilled water and dried in lyophilizer to be used for further studies. 

2.3. Spectroscopic characterization 



  

The formation AgNPs were initially screened by UV–vis spectrophotometer (Elico-SL 164) 

at 400-800 nm. The purity and the crystalline nature of the AgNPs were determined using  

X-ray powder diffraction (XRD, XPERT-Pro diffractometer using Cu-Ka radiation) by 

scanning the region of 2θ from 10 to 80° at 0.04°/min with a time constant of 2 s. The 

functional groups of the AgNPs were recorded using a Fourier transform infrared 

spectroscopy (FT-IR) (Perkin-Elmer FT-IR spectrophotometer, IR Affinity-1S), diffuse 

reflectance mode, resolution 4 particles cm−1 in KBr pellets. The AgNPs were analysed for 

the morphology and size using transmission electron microscopy (TEM, FEI Tecnai TF 20 

high resolution) and for the elemental composition using a scanning electron microscopy 

coupled with energy-dispersive spectroscopy (SEM–EDS; Jeol JSM 6390). 

2.4. Antibacterial activity 

Four human pathogenic bacterial strains, namely Pantoea agglomerans (Accession Number: 

KR296735), Rahnella sp. (Accession Number: KX656894), Staphylococcus sp. (Accession 

Number: KC688883), Klebsiella sp. (Accession Number: KC899845) were used to study the 

antibacterial activity of the AgNPs according to Govarthanan et al. [16]. The pathogens were 

cultured in nutrient broths with different AgNPs concentrations (2.5, 5, 7.5 and 10 mM).  At 

regular intervals (0–48 h), the bacterial growth was observed using an UV-vis 

spectrophotometer at 600 nm. The inhibition of the growth was calculated as a percentage 

according to Elegbede et al. [28] as follows: 

% Growth inhibition = {(Absorbancecontrol− AbsorbanceTest)/ Absorbancecontrol} × 100% 

3. Results and discussion 

The green synthesis of AgNPs using plants as a bioreductants has attracted over other 

biological sources, because plants are more suitable for a large-scale synthesis. In this study, a 

mango flower extract was used. The formation of AgNPs was confirmed by the color change 



  

of pink to brown and the UV-Visible spectroscopy analysis (Fig.1). A characteristic 

absorption peak was observed around 450 nm, which is attributed to the surface plasmon 

resonance (SPR) of AgNPs [29], [30].  

The TEM image shows the spherical shape of the AnNPs, the size ranging from 10 to 

20 nm (Fig 2a). Fig. 2(b) shows the SEM-EDS pattern of AgNPs. The atomic percentage of 

Ag was 7.58 % (Table 1). This is greater than the other elements present in the sample. The 

sharp peak at ~3 keV confirms the presence of elemental silver in its pure form and consistent 

with previous reports using other biological materials [31]. 

The secondary metabolites responsible for the AgNPs synthesis were revealed by 

FT-IR spectrum that showed a small peak at 3734 cm-1 assigned to ―OH stretching 

vibrations (Fig 3). The peak at 2950 cm-1 indicated the presence of alkane ―CH stretching. 

The band at 2350 cm-1 could be assigned to the aliphatic C―H stretching vibration. The 

peaks at 1530, 1030 and 690 cm-1 correspond to the C―O and N=O stretches of the ester, and 

to nitro groups, respectively. As indicated by the FT-IR analysis, the phyto-chemicals, such 

as alkaloids, flavonoids, amino acids and proteins seem to be responsible for the synthesis of 

AgNPs. These functional groups play an important role in the stability and capping of the 

AgNPs. Ajitha et al. [32] reported that polyphenols and other secondary metabolites present 

in the plant extract mediate the reduction of Ag ions and the presence of Ag ‒O groups on the 

surface of AgNPs. Guan et al. [12] reported that the biosynthesized AgNPs are in the form of 

a face-centered cubic crystal nature. This form was indicated by the XRD spectrum of the 

AgNPs that showed strong diffraction peaks corresponding to 111, 200, 220 and 311 sets of 

lattice planes (Fig. 4). 

 The AgNPs showed antibacterial activity against Gram-negative bacteria Klebsiella sp., P. 



  

agglomerans, and Rahnella sp. at 10 mM of AgNPs (Fig. 5). The calculated inhibition 

percentages were 65.9 %, 62.1%, and 51.4%, respectively (Fig. 5).  Statistical analysis 

showed significant differences (P < 0.05) were observed in the different AgNPs 

concentration groups.  Lateef et al. [33] observed that Petiveria alliacea L. leaf extract 

mediated AgNPs inhibited 100 % of the growth of Gram-negative Klebsiella pneumonia and 

Gram-positive Staphylococcus aureus. However, their used a relatively high concentration 

compared to us, 150 mM of AgNPs. In our studies, 10 mM AgNPs inhibited Gram-positive 

Staphylococcus sp. 39.4%. The inhibitory capabilities of AgNPs has been associated with the 

initiation of the attack on the cell wall resulting in the leakage of the cytoplasmic content 

and ultimately leading to the cell death [28]. Several other mechanisms have been reported. 

The formation of reactive oxygen species (ROS), sulph-hydryl group bonding between Ag+ 

ions, denaturation of bacterial proteins and cell wall damage also lead to lethal conditions 

[31], [34]. 

4. Conclusion 

We investigated an eco-friendly, simple and rapid green way to the synthesize AgNPs using 

an extract derived from mango flowers. The resulted AgNPs were spherical in shape with 

diameter of 10-20 nm. The lethal effect of the AgNPs on clinically important bacterial strains 

was observed; P. agglomerans, Rahnella sp., Staphylococcus sp., and Klebsiella sp were 

inhibited by the AgNPs. This study explores the use mango flower extract in the AgNPs 

synthesis towards broad-spectrum of antibacterial applications in the field of clinical 

microbiology. 
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Figure legends 

Fig. 1. UV-Vis spectroscopy analysis of AgNPs 

Fig. 2 (a). TEM image of bigenic AgNPs (b) EDS of AgNPs obtained from flower extract of 

Mangifera indica 

Fig. 3. FT-IR spectra of purified AgNPs. 

Fig. 4. X-Ray Diffraction of AgNPs obtained from Mangifera indica flower extract. 

Fig. 5. Antibacterial activity of synthesized AgNPs, (a) Klebsiella sp., (b) P. agglomerans,  

(c) Rahnella sp., and (d) Staphylococcus sp.  
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Fig. 3 

Fig. 4 



  

Fig. 5 (a) Klebsiella sp. 

 



  

(b) P. agglomerans 

 

(c) Rahnella sp. 

 



  

 (d) Staphylococcus sp. 

  

Table 1. Percentage of elements present in the synthesized AgNPs 

S.No Element weight (%) Atomic % 
1  O K 2.35 84.04 
2 Si K 0.41 2.78 

3 Ci K 0.64 5.60 

4 Ag L 2.00 7.58 



  

Highlights 

� Silver nanoparticles were synthesized successfully using Mango flower extract 

� This method is rapid, simple and cost effective 

� Structural and optical analysis revealed the nature of AgNPs 

� The AgNPs effectively inhibit the growth of broad-spectrum of antibacterial activity 
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Abstract
The prospective of indigenous Pseudomonas sp. (RPT) and neem oil cake for enhanced removal of chromium (Cr) from 
contaminated soil microcosm was explored in this study. The bacteria were isolated from Cr-contaminated soil and identified 
as Pseudomonas sp. based on partial 16S rDNA sequencing. The isolate RPT showed high Cr(VI) tolerance (1000 mg/l) 
and removal rate (64.4%) in batch experiments. Transmission electron microscopy observation showed that the isolate 
effectively precipitated the Cr both intra- and extracellularly. Microcosm studies revealed that neem oil cake amendment 
(7.5% w/v) enhanced Cr(VI) removal (82%) from contaminated soil. Furthermore, soil enzyme activities were increased in 
the biostimulated soil. The obtained results indicated that the application of neem oil cake along with indigenous Cr(VI)-
resistant bacteria could inspire the bioremediation of Cr(VI)-contaminated soil field scale.

Keywords Chromium · Neem oil cake · Pseudomonas sp. · Remediation · Soil

Introduction

Metals originating from metallurgical industries, mines and/
or ores are a serious environmental issue as it contaminates 
both soil and water. The continuous accumulation of met-
als in the soil and water streams causes biological disor-
ders in humans and other living organisms (Govarthanan 
et al. 2018; Rieger et al. 2018). With the various metals that 

contaminate the ecosystem, chromium (Cr) has a special 
place because of its wide applications in various industries.

Chromium sulfate is the commonly used tanning agent 
in tanneries. Ranipet (Vellore, Tamil Nadu, India) is well 
known for tanneries. It is reported that nearly 240 tanneries 
are located in this area and that they release approximately 
220,000 tons of solid waste into the soil (Sundaramoorthy 
et al. 2016). Under certain circumstances, the trivalent chro-
mium salts (Cr(III)) present in the solid wastes get oxidized 
into hexavalent chromium salts (Cr(VI)), a highly toxic form. 
Thus, soil and surface water system in this area are heavily 
polluted with Cr(III) and Cr(VI). However, only limited 
attempts have been made to remove and/or reduce Cr(VI) 
from the contaminated surface soils. Therefore, there is an 
immediate need to develop simple and eco-friendly methods 
for the removal of Cr from contaminated soils.

Recently, various technologies (physicochemical meth-
ods) have been developed with the goal of reducing Cr 
pollution in the contaminated ecosystem. Although phys-
icochemical methods have been applied in practice, these 
methods carry several disadvantages (Ali et al. 2011; Ok 
et al. 2011; Saravanan et al. 2013a, b, 2015; Robati et al. 
2016). Bioremediation is considered as a simple, inexpen-
sive and eco-friendly technology that uses biotic communi-
ties for the remediation of contaminated soils. Microorgan-
isms are primarily used, in bioremediation, to degrade or 
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detoxify the pollutants into harmless and less toxic forms 
(Wu et al. 2010; Govarthanan et al. 2013; Selvankumar 
et al. 2017). Metal-resistant bacteria play an important role 
in the removal of metals; however, the removal process is 
affected by several biotic and abiotic factors. It has been 
reported that many bacterial strains have the ability to sur-
vive in Cr-polluted soil because of their ability to cause 
metal efflux, DNA methylation, metal biotransformation 
and enzymatic reduction (Nies 2003). Bacterial reduction 
in Cr(VI) to Cr(III) is an interesting mechanism that can 
be considered as an effective chromate remediation system. 
Several bacterial strains belonging to the genus Bacillus, 
Arthrobacter, Brucella, Microbacterium, Corynebacterium 
and Pseudomonas have been reported to have chromium 
resistance/reduction mechanisms (Pattanapipitpaisal et al. 
2001; Viti et al. 2003; Megharaj et al. 2003; Thacker et al. 
2007; Zheng et al. 2015).

It has been confirmed that the bioremediation process is 
primarily influenced by physicochemical properties of the 
soil and the environmental conditions (Suja et al. 2014). The 
deficiency of nutrients in the contaminated soil reduced the 
growth rate of bacteria, which in turn limits the removal 
of metals in the entire bioremediation process. Because 
of the limited availability of synthetic nutrients and their 
expensive nature, agricultural by-products or agro-indus-
trial wastes with bulk nutrients are considered as a choice 
to revive the microbial population in the contaminated soil 
(Brierley et al. 2002). The use of agricultural by-products 
has been considered as a promising method to enhance the 
bacterial population in contaminated soils and, thus, for the 
effective green bioremediation of metals. In this respect, 
neem (Azadirachta indica) oil cake was used in this study. 
However, the application of neem oil cake as a bacterial 
stimulant in the bioremediation of Cr is not yet reported. 
Thus, it is important to assess the indigenous Cr-resistant 
bacteria for the bioremediation of Cr-contaminated sites of 
Ranipet. Therefore, the objectives of the present study were 
(1) to isolate Cr-resistant indigenous bacteria from the pol-
luted soils of Ranipet and (2) to develop active bacterial 
formulation using neem oil cake for enhancing Cr removal 
from contaminated soils.

Materials and methods

Materials

Nutrient agar (NA) and Luria–Bertani (LB) agar were pro-
cured from Hi-Media (Mumbai, India). All other chemicals 
used in this experiment were of analytical grade (Sigma, 
USA, and Hi-Media, India).

Soil sample, bacteria isolation and minimal 
inhibitory concentration

Soil samples (10 cm depth) were collected from the study 
area with sterile containers, and directly transferred to the 
laboratory. The total metal content in the soil was measured 
according to Loring and Rantala (1992). Physicochemical 
properties of the soil were measured by using standard meth-
ods (Gaudette et al. 1974; Helmke and Sparks 1996; Thomas 
1996). Soil samples were serially diluted, and 0.1 ml of the 
appropriate dilution was plated onto NA plates using spread 
plate technique. The plates were incubated at 26 ± 2 °C for 
24–48 h and observed for the bacterial growth. The pure cul-
tures were stored at 4 °C for further study. The minimal inhibi-
tory concentrations (MICs) of the isolates were determined by 
agar dilution method (Kamala-Kannan et al. 2007).

Identification of Cr‑resistant bacteria

The identification of the isolate was carried out using 16S 
rRNA method according to Govarthanan et al. (2015) using 
the universal bacterial primers 27f and 907r, and the sequences 
were compared using the BLAST program (http://www.ncbi.
nlmni h.gov/BLAST ) for the identification of the isolate.

Cr(VI) removal potential of the isolate and TEM 
analysis

Ten milliliters of inoculum was aseptically inoculated into 
100 ml of LB broth amended with increasing concentra-
tions (100, 200, 500 and 1000 mg/l) of Cr and incubated in 
a shaking incubator (250 rpm) at 28 °C for 48 h. The cul-
ture aliquots of RPT were collected at predetermined time 
intervals (0, 12, 24, 36 and 48 h) and centrifuged, and the 
remaining Cr(VI) in the supernatants were measured using 
UV–Vis spectrophotometer (Chai et al. 2009). The bacte-
rial pellets collected at 48 h were examined under TEM 
(FEI Tecnai G2 20 high resolution) to visualize the metal 
precipitates present in cells. The LB medium without bac-
teria inoculation served as a control for this experiment.

Neem oil cake extracts preparation

Neem oil cake (NOC) was procured from a local market 
at Mallasamudram, Tamil Nadu, India. The NOC extract 
was prepared according to Govarthanan et al. (2015). Raw 
NOC was used for the soil microcosm studies.

Effect of media on Cr removal

To observe the influence of nutrients on Cr removal, batch 
experiments were carried out with different culture media 
such as LB broth, NB and NOC extract. Briefly, log-phase 

http://www.ncbi.nlmnih.gov/BLAST
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culture of the isolate RPT was aseptically inoculated into 
100 ml of medium (LB, NB or NOC extract) supplemented 
with 500 mg/l of Cr, and the flasks were incubated in an 
orbital shaker (200 rpm) at 28 °C for 48 h. Samples were 
collected at prescribed incubation period and analyzed for 
the total Cr concentration using inductively coupled plasma 
mass spectrometry (ICP, Leemans Labs, USA).

Soil microcosm

Cr-contaminated soils collected near tannery processing units 
were air-dried and sieved through a 0.4-cm sieve. Microcosm 
studies were carried out in plastic trays (bottom layer, 300 g of 
gravel; middle layer, 400 g of sand; and the top layer, 300 g of 
Cr-contaminated soil), and different sets of experiments were 
carried for bioaugmentation and biostimulation (Table 1). Soil 
humidity was adjusted with sterile distilled water to reach the 
final moisture content of 45% (v/w). NOC was mixed with the 
contaminated soil before it was placed in the microcosm. The 
bacterial inoculum  (108 cells/ml) (100 ml) was evenly applied 
on the surface of the contaminated soils, and the experimental 
set without bacterial inoculum served as control. The trays 
were incubated at room temperature for 15 days, and Cr(VI) 
content in the soil was determined by 1, 5-diphenyl carbazide 
(DPC) method after alkaline digestion of the soil. The experi-
ments were performed in triplicate, and mean values was 
considered.

Estimation of soil enzymes activities 
after microcosms

Urease activity of the soil was estimated according to the 
protocol established by Kandeler (1996). Dehydrogenase, 
alkaline phosphatase (Tabatabai 1994), amylase (Galstyan 
1965), invertase (Ill et al. 1989) and soil cellulase activity was 
measured according to Kelley and Rodriguez-Kabana (1975). 
Three replications were carried out for all the experiments.

Results and discussion

Soil properties

The physicochemical properties of the Cr-contaminated 
soil are represented in Table 2. The results showed that 

the soil contains 10.2% of organic matter and the total Cr 
content in the soil was 1000 ± 5.2 (mg/kg). The results 
were consistent with previous studies reporting the con-
centrations of Cr in the study area (Jeyasingh and Philip 
2005; Jeyasingh et al. 2010).

Identification and MIC of the isolate

Four Cr-resistant bacterial strains were isolated from the 
collected soil samples, and the isolates were designated 
as RPT, RPT1, RPT2 and RPT3. To evaluate their resist-
ance against Cr, the bacterial growth was continuously 
monitored in plates amended with Cr (100–1000 mg/l). 
Among the isolates, RPT showed maximum Cr resistance 
(1000 mg/l) in the agar plates. Thus, the isolate RPT was 
chosen for further characterization and Cr removal stud-
ies. The 16S rDNA sequence of this strain showed 99% 
identity with Pseudomonas sp. The partial 16S rDNA of 
the isolate RPT was deposited in GenBank (Accession 
Number: KX348781). The results are in agreement with 
previous studies reporting chromium resistance in Pseu-
domonas sp. isolated from metal-contaminated soils and 
water (Ozturk et al. 2012; Christl et al. 2012; Mahmood 
et al. 2015; Huang et al. 2016).

Cr(VI) removal potential of Pseudomonas sp. RPT

Cr(VI) removal ability of the isolate RPT was evaluated at 
different initial concentrations, and the results are presented 
in Fig. 1 along with control. The results indicated that the 
Cr(VI) removal by the isolate RPT was relatively less during 
the first 12 h of incubation, whereas the removal rate gradually 
increased with the increase in incubation time and reached 

Table 1  Treatment conditions of soil microcosms

S. no Microcosms Treatment Description

1 Control Untreated soil Cr-contaminated soil placed in the tray without any treatment
2 A Bioaugmentation Cr-contaminated soil with Cr-resistant Pseudomonas sp. (RPT)
3 B Biostimulation with 5% NOC Cr-contaminated soil with Cr-resistant Pseudomonas sp. (RPT) 

amended with 2.5% of NOC

Table 2  Physicochemical 
properties of mine soil

Parameters Values

Organic matter (%) 10.2
Ca (meq/100 g−1) 7.25
Na (meq/100 g−1) 15
NH4 (meq/100 g−1) 43.5
K (meq/100 g−1) 21.7
pH 8.5
EC  (ms/m) 0.64
Total Cr (mg/kg) 1000
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maximum (64.4%) after 36 h of incubation. Nearly 23% of 
Cr(VI) removal was observed at an initial concentration of 
100 mg/l after 24 h of incubation. Furthermore, the results 
confirmed the viability of the isolate RPT at higher concentra-
tion (500–1000 mg/l) and that it removed 30–46% of Cr(VI) 
after 48 h of incubation. The metal-contaminated environ-
mental stress might have induced the isolate to develop an 
effective detoxification mechanism to survive in the adverse 
condition (Bader et al. 1999; Jeyasingh and Philip 2005).

Effect of media on Cr removal

The influences of nutrients on Cr removal by the isolate RPT 
are shown in Fig. 2. The results indicated that maximum Cr 
removal (64.4%) was observed in NOC extract followed by 
LB and NB. Thus, in the present study, NOC was used as a 
biostimulating agent in microcosm studies. Several studies 
reported that the microorganisms may utilize the organic 
compounds as an energy source to tolerate metal stress (Liu 
et al. 2004; Das et al. 2014; Govarthanan et al. 2014).

TEM analysis

TEM image of the isolate RPT is shown in Fig. 3. Cr particles 
were visible as dark granules on the inside and/or the surface 
of the bacterial cells. The results indicated that the isolate 
RPT removed and/or decreased Cr toxicity by both intracel-
lular accumulation and extracellular reduction. Ozturk et al. 
(2012) reported that Pseudomonas aeuroginosa removed 
Cr(VI) by both intracellular accumulation and reduction.

Soil microcosm studies

The Cr(VI) removal efficiency of the isolate RPT in contam-
inated soil was evaluated, and the results are shown in Fig. 4. 
The results showed that the removal of Cr(VI) in the control 
soil was very less (5.2%), while in Pseudomonas sp. (RPT)-
treated soil the removal rate significantly increased to 62%. 
The increased Cr(VI) removal rate in bioaugumented soil 

might be due to the activity of the isolate RPT and its metab-
olites. This was supported by the results from TEM analysis 
where extracellular metal precipitates were observed on the 
surface of the bacteria (Fig. 3).

The Cr(VI) removal activity by the isolate RPT was further 
evaluated in NOC-amended soil, and the results are shown 
in Fig. 4. Soil treated with 2.5% NOC showed 68% Cr(VI) 
removal, and it increased to 74% in soils amended with 5% 
NOC. The removal rate further increased to 82.7% in 7.5% 
NOC-amended soil. However, the removal rate was signifi-
cantly decreased in the soil amended with 10% NOC. The 
study clearly evidenced that the Cr(VI) removal rate was 
increased in the presence of NOC and it could be due to an 
increase in microbial population in the contaminated soil. The 
result was consistent with the previous study reporting that the 
Cr removal rate of Aspergillus niger was increased in compost-
amended soil (Srivastava and Thakur 2006). The biostimu-
lating agents not only decontaminated the soils, but also 
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increased the fertility of soils as evidenced in the increased 
soil enzyme concentration.

Soil enzyme activities

The enzyme activity of the control, bioaugumented and biostim-
ulated soils is shown in Fig. 5. Increased enzyme activities were 
found in bioaugumented and biostimulated soils. The enzyme 
results confirmed that the presence of oil cake can increase the 
growth and activity of the Pseudomonas sp. (RPT) in Cr-contam-
inated soils. The results are in agreement with Balasubramanian 
et al. (1972) reporting the relationship between the amendments, 
microbial population and soil enzyme activity.

Conclusion

To the best of our knowledge, this is the first study to report 
the application of neem oil cake as a biostimulating agent 
in Cr-contaminated soils with indigenous Pseudomonas sp. 
(RPT). The application of the neem oil cake enhanced the 
microbial population in the contaminated soil and, thus, 
caused the effective removal of Cr(VI). About 82.7% of 
Cr(VI) was successfully removed in Cr-contaminated soil 
after 15 days of incubation with 7.5% NOC. The application 
of NOC not only increased the Cr(VI) removal rate but also 
improved the soil metabolic activity, as illustrated by the 
extracellular enzymes in bioremediated soils. These findings 
can be further exploited for the possible utilization of NOC 
with the selected indigenous strain for the bioremediation of 
Cr(VI)-contaminated environment.

Acknowledgement This paper was supported by research funds of 
Chonbuk National University in 2017. The authors (Fuad Ameen & 
Sami A. AlYahya) are very grateful to the Localization and Develop-
ment Technology Platform for the Infectious Diseases Surveillance 
and the Detection Project at Kind Abdulaziz City for Science and 
Technology.

Compliance with ethical standards 

Conflict of interest The authors declare that they do not have any con-
flict of interest.

References

Ali I, Khan TA, Asim M (2011) Removal of arsenic from water by 
electrocoagulation and electrodialysis techniques. Sep Purif Rev 
40:25–42

Bader JL, Gonzalez G, Goodell PC, Ali A, Pillai SD (1999) Chromium 
resistant bacterial populations from a site heavily contaminated 
with hexavalent chromium. Water Air Soil Pollut 109:263–274

Balasubramanian A, Siddaramappa R, Rangaswami G (1972) Effect 
of organic manuring on the activities of the enzymes hydrolyzing 
sucrose and urea and on soil aggregation. Plant Soil 37:319–328

Brierley CL, Briggs AP, Mular AL, Halbe DN, Barret DJ (2002) Min-
eral processing plant design, practice and control. Society of Min-
ing Engineers, Littleton, Colo, pp 1540–1568

Chai L, Huang S, Yang Z, Peng B, Huang Y, Chen Y (2009) Cr(VI) 
remediation by indigenous bacteria in soils contaminated by chro-
mium-containing slag. J Hazard Mater 167:516–522

Christl M, Imseng E, Tatti J, Frommer C, Viti L, Giovannetti R (2012) 
Aerobic reduction of chromium (VI) by Pseudomonas corrugata 
28: influence of metabolism and fate of reduced chromium. Geom-
icrobiol J 29:173–185

Das S, Mishra J, Das SK, Pandey S, Rao DS, Chakraborty A, Sudar-
shan M, Das N, Thatoi H (2014) Investigation on mechanism of 
Cr(VI) reduction and removal by Bacillus amyloliquefaciens, a 
novel chromate tolerant bacterium isolated from chromite mine 
soil. Chemosphere 96:112–121

Galstyan AS (1965) A method of determining the activity of the hydro-
lytic enzymes in soil. Sov Soil Sci 2:170–175

Fig. 4  Cr(VI) removal in microcosm studies. Error bars indicate 
standard deviation of means. A Bioaugmentation, B biostimulation 
with 2.5% NOC, C biostimulation with 5% NOC, D biostimulation 
with 7.5% NOC, E biostimulation with 10% NOC

0

10

20

30

40

50

60

70

80

E
nz

ym
e 

ac
tiv

ity

Control

A

B

Fig. 5  Enzyme activities in soil microcosms. A marked increase in 
enzyme activity was observed in bioremediated soil microcosms



 International Journal of Environmental Science and Technology

1 3

Gaudette HE, Flight WR, Toner L, Folger DW (1974) An inexpensive 
titration method for the determination of organic carbon in recent 
sediments. J Sediment Res 44:249–253

Govarthanan M, Lee KJ, Cho M, Kim JS, Kamala-Kannan S, Oh BT 
(2013) Significance of autochthonous Bacillus sp. KK1 on biomin-
eralization of lead in mine tailings. Chemosphere 90:2267–2272

Govarthanan M, Lee GW, Park JH, Kim JS, Lim SS, Seo SK, Cho M, 
Myung H, Kamala-Kannan S, Oh BT (2014) Bioleaching charac-
teristics, influencing factors of Cu solubilisation and survival of 
Herbaspirillum sp. GW103 in Cu contaminated mine soil. Che-
mosphere 109:42–48

Govarthanan M, Park SH, Park YJ, Myung H, Krishnamurthy RR, Lee 
SH, Kamala-Kannan S, Oh BT (2015) Lead biotransformation 
potential of allochthonous Bacillus sp. SKK11 with sesame oil 
cake extract in mine soil. RSC Adv 5:54564–54570

Govarthanan M, Mythili R, Selvankumar T, Kamala-Kannan S, Kim H 
(2018) Myco-phytoremediation of arsenic and lead contaminated 
soils by Helianthus annuus and wood rot fungi, Trichoderma sp. 
isolated from decayed wood. Ecotoxicol Environ Saf 151:279–284

Helmke PA, Sparks DL (1996) Lithium, sodium, potassium, rubidium, 
and cesium. Methods Soil Anal 3:551–574

Huang H, Wu K, Khan A, Jiang Y, Ling Z, Liu P, Chen Y, Tao X, Li 
X (2016) A novel Pseudomonas gessardii strain LZ-E simultane-
ously degrades naphthalene and reduces hexavalent chromium. 
Bioresour Technol 207:370–378

Ill FG, Clausen CA, Highley TA (1989) Adaptation of the Nelson–
Somogyi reducing sugar assay to a microassay using microtiter 
plates. Anal Biochem 182:197–199

Jeyasingh J, Philip L (2005) Bioremediation of chromium contaminated 
soil: optimization of operating parameters under laboratory condi-
tions. J Hazard Mater 118:113–120

Jeyasingh J, Somasundaram V, Philip L, Murty Bhallamudi S (2010) Biore-
mediation of Cr(VI) contaminated soil/sludge: experimental studies 
and development of a management model. Chem Eng J 160:556–564

Kamala-Kannan S, Lee KJ, Krishnamoorthy R, Purusothaman A, 
Shanthi K, Rao NR (2007) Aerobic chromate reducing Bacil-
lus cereus isolated from the heavy metal contaminated Ennore 
Creek sediment, north of Chennai, Tamil Nadu, south east India. 
Res J Microbiol 2:133–140

Kandeler E (1996) Urease activity by colorimetric technique. Meth-
ods in soil biology. Springer, New York, pp 171–174

Kelley WD, Rodriguez-Kabana R (1975) Effects of potassium azide 
on soil microbial populations and soil enzymatic activities. Can 
J Microbiol 21:565–570

Liu YG, Xu WH, Zeng GM, Tang CF, Li CF (2004) Experimental 
study on reduction by Pseudomonas aeuroginosa. J Environ 
Sci 16:797–801

Loring DH, Rantala RTT (1992) Manual for the geochemical anal-
ysis of marine sediments and suspended particulate matter. 
Earth-Sci Rev 32:235–283

Mahmood S, Khalid A, Arshad M, Ahmad R (2015) Effect of trace 
metals and electron shuttle on simultaneous reduction of reac-
tive black-5 azo dye and hexavalent chromium in liquid medium 
by Pseudomonas sp. Chemosphere 138:895–900

Megharaj M, Avudainayagam S, Naidu R (2003) Toxicity of hexa-
valent chromium and its reduction by bacteria isolated from 
soil contaminated with tannery waste. Curr Microbiol 47:51–54

Nies DH (2003) Efflux-mediated heavy metal resistance in prokary-
otes. FEMS Microbiol Rev 27:313–339

Ok YS, Kim SC, Kim DK, Skousen JG, Lee JS, Cheong YW, Kim 
SJ, Yang JE (2011) Ameliorants to immobilize Cd in rice paddy 

soils contaminated by abandoned metal mines in Korea. Environ 
Geochem Health 33:23–30

Ozturk S, Kaya T, Aslim B, Tan S (2012) Removal and reduction of 
chromium by Pseudomonas sp. and their correlation to rham-
nolipid production. J Hazard Mater 231:64–69

Pattanapipitpaisal P, Brown NL, Macaskie LE (2001) Chromate reduc-
tion and 16S rRNA identification of bacteria isolated from a 
Cr(VI)-contaminated site. Appl Microbiol Biotechnol 57:257–261

Rieger A, Sax C, Bauert T, Wackerlin C, Ernst KM (2018) Chemical 
chiral pollution: impact on the society and science and need of the 
regulations in the 21st century. Chirality 30:402–406

Robati D, Mirza B, Rajabi M, Moradi O, Gupta VK (2016) Removal of 
hazardous dyes-BR 12 and methyl orange using graphene oxide as an 
adsorbent from aqueous phase. J Colloid Interface Sci 284:687–697

Saravanan R, Joicy S, Gupta VK, Narayanan V, Stephen A (2013a) 
Visible light induced degradation of methylene blue using  CeO2/
V2O5 and  CeO2/CuO catalysts. Mater Sci Eng C 33:4725–4731

Saravanan R, Karthikeyan N, Gupta VK, Thirumal E, Stephen A 
(2013b) ZnO/Ag nanocomposite: an efficient catalyst for degra-
dation studies of textile effluents under visible light. Mater Sci 
Eng C 33:2235–2244

Saravanan R, Mansoob Khan M, Gupta VK, Mosquera E, Gracia F, 
Narayanan V, Stephen A (2015) ZnO/Ag/CdO nanocomposite 
for visible light-induced photocatalytic degradation of industrial 
textile effluents. J Colloid Interface Sci 452:126–133

Selvankumar T, Radhika R, Mythili R, Arunprakash S, Srinivasan 
P, Govarthanan M, Kim M (2017) Isolation identification and 
characterization of arsenic transforming exogenous endophytic 
Citrobacter sp. RPT from roots of Pterisvittata. 3 Biotech 7:264

Srivastava S, Thakur IS (2006) Evaluation of bioremediation and detoxi-
fication potentiality of Aspergillus niger for removal of hexavalent 
chromium in soil microcosm. Soil Biol Biochem 38:1904–1911

Suja F, Rahim F, Taha MR, Hambali N, Razali MR, Khali A, Hamzah 
A (2014) Effects of local microbial bioaugmentation and biostim-
ulation on the bioremediation of total petroleum hydrocarbons 
(TPH) in crude oil contaminated soil based on laboratory and field 
observations. Int Biodeterior Biodegrad 90:115–122

Sundaramoorthy B, Thiagarajan K, Mohan S, Mohan S, Rajendra Rao P, 
Ramamoorthy S, Chandrasekaran R (2016) Biomass characteriza-
tion and phylogenetic analysis of microalgae isolated from estuaries: 
role in phycoremediation of tannery effluent. Algal Res 14:92–99

Tabatabai MA (1994) Soil enzymes. In: Weaver RW, Angel JS, Bot-
tomley PS (eds) Methods of soil analysis, part 2—microbiologi-
cal and biochemical properties. Book series no. 5. Soil Science 
Society of America, SSSA, Madison, pp 775–833

Thacker U, Parikh R, Shouche Y, Madamwar D (2007) Reduction of 
chromate by cell-free extract of Brucella sp. isolated from Cr(VI) 
contaminated sites. Bioresour Technol 98:1541–1547

Thomas GW (1996) Soil pH and soil acidity. In: Sparks DL (ed) Methods 
of soil analysis. Part 3. Chemical methods. SSSA-ASA, Madison, 
pp 475–490

Viti C, Pace A, Giovannetti L (2003) Characterization of Cr(VI) resist-
ant bacteria isolated from chromium contaminated soil by tannery 
activity. Curr Microbiol 46:1–5

Wu G, Kang H, Zhang X, Shao H, Chu L, Ruan C (2010) A critical 
review on the bio-removal of hazardous heavy metals from con-
taminated soils: issues, progress, eco-environmental concerns and 
opportunities. J Hazard Mater 174:1–8

Zheng Z, Li Y, Zhang X, Liu P, Ren J, Wu G, Zhang Y, Chen Y, Li X (2015) 
A Bacillus subtilis strain can reduce hexavalent chromium to trivalent 
and an nfrA gene is involved. Int Biodeterior Biodegrad 97:90–96



9/5/22, 5:57 PM O De lght on growth and exopolysacecharides production In phototrophic Rhodobactor sp, BT18 isolated from bracklsh wat.. 

ScienceDirect

International Journal of Biological Macromolecules
Volume 131, 15 June 2019, Pages 74-80 

Effect of blue light on growth and exopolysaccharides production in 

phototrophic Rhodobacter sp. BT18 isolated from brackish water 

M. Govarthanan 8, S. Kamala-Kannan, 1, T. Selvankumar, R. Mythili , P. Srinivasan ,H. Kim", 

Show more v 

EOutline Share 55 Cite 

https://doi.org/10.1016/j.jbiomac.2019.03.049 Get rights and content 

Abstract 

Rhodobacter sp. BT18, a phototrophic salt-resistant bacterium, was isolated from brackish water and 
screened for the production of exopolysaccharides (EPS). The effect of different light sources on the growthof Rhodobacter sp. BT18 was investigated. The effect on the growth order was found to be blue > white > 

green> red> yellow> dark. Based on Box-Behnken design, the studied variables (pH7.0, 35°C, and 30% of 

sucrose concentration under 60 h of incubation with blue light illumination) were found to be ideal for the 
maximum production of EPS (582.5 mg/L). Scanning electron microscopy images revealed the porous nature of EPS. Fourier transformspectroscopy and X-ray diffraction were applied to study the functional
groups and the crystalline nature of the EPS, respectively. The emulsification index of the EPS was >75% 
and the maximum flocculating activity was about 75.4% at 30 mg/L concentration of EPS. In addition, EPS 
showed effective arsenic (64%) and lead (51%) chelating activities in liquid solutions. The multiple environmental applications of the EPS produced by Rhodobacter sp. BT18 make it be a promisingalternative for emulsification, flocculation and metal removal in various industries.

Previous Nesxt 

Keywords 
Blue light; Emulsification, Exopolysaccharides; Flocculation, Rhodobacter 

PRINCTP AL 
PGP College of Arts and Science 

Namakkal 

aNAWAKEA 
697 206 

ntps://www.sciencedirect.com/science/article/abs/pi/S014181301930412X 
1/3 



Accepted Manuscript

Effect of blue light on growth and exopolysaccharides production
in phototrophic Rhodobacter sp. BT18 isolated from brackish
water

M. Govarthanan, S. Kamala-Kannan, T. Selvankumar, R. Mythili,
P. Srinivasan, H. Kim

PII: S0141-8130(19)30412-X
DOI: https://doi.org/10.1016/j.ijbiomac.2019.03.049
Reference: BIOMAC 11879

To appear in: International Journal of Biological Macromolecules

Received date: 17 January 2019
Revised date: 6 March 2019
Accepted date: 6 March 2019

Please cite this article as: M. Govarthanan, S. Kamala-Kannan, T. Selvankumar, et al.,
Effect of blue light on growth and exopolysaccharides production in phototrophic
Rhodobacter sp. BT18 isolated from brackish water, International Journal of Biological
Macromolecules, https://doi.org/10.1016/j.ijbiomac.2019.03.049

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting proof before
it is published in its final form. Please note that during the production process errors may
be discovered which could affect the content, and all legal disclaimers that apply to the
journal pertain.

https://doi.org/10.1016/j.ijbiomac.2019.03.049
https://doi.org/10.1016/j.ijbiomac.2019.03.049


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

1 

 

Effect of blue light on growth and exopolysaccharides production in phototrophic 

Rhodobacter sp. BT18 isolated from brackish water 

M. Govarthanan
1
*


, S. Kamala-Kannan
2

, T. Selvankumar
3
, R. Mythili

3
, P. Srinivasan

3
,
 
H. 

Kim
1*

 

 

1
Department of Environmental Engineering, University of Seoul, Seoul 02504, South Korea. 

2
Division of Biotechnology, Advanced Institute of Environment and Bioscience, College of 

Environmental and Bioresource Sciences, Chonbuk National University, Iksan 54596, South 

Korea. 

3
PG & Research Department of Biotechnology, Mahendra Arts and Science College 

(Autonomous), Kalippatti, Namakkal - 637501, Tamil Nadu, India. 

 

 

 

 

 

 


The first two authors equally contributed in this work 

 

 

 

 

*Corresponding author: M. Govarthanan, E-mail: gova.muthu@gmail.com; H. Kim, E-mail: 

h_kim@uos.ac.kr  

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

2 

 

Abstract 

Rhodobacter sp. BT18, a phototrophic salt-resistant bacterium, was isolated from brackish 

water and screened for the production of exopolysaccharides (EPS). The effect of different 

light sources on the growth of Rhodobacter sp. BT18 was investigated. The effect on the 

growth order was found to be blue > white > green > red > yellow > dark. Based on Box-

Behnken design, the studied variables (pH 7.0, 35 °C, and 30% of sucrose concentration 

under 60 h of incubation with blue light illumination) were found to be ideal for the 

maximum production of EPS (582.5 mg/L). Scanning electron microscopy images revealed 

the porous nature of EPS. Fourier transform spectroscopy and X-ray diffraction were applied 

to study the functional groups and the crystalline nature of the EPS, respectively. The 

emulsification index of the EPS was > 75% and the maximum flocculating activity was 

about 75.4% at 30 mg/L concentration of EPS. In addition, EPS showed effective arsenic 

(64%) and lead (51%) chelating activities in liquid solutions. The multiple environmental 

applications of the EPS produced by Rhodobacter sp. BT18 make it be a promising 

alternative for emulsification, flocculation and metal removal in various industries. 
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 1. Introduction 

Bacterial exopolysaccharides (EPS) are extracellular biopolymers that are linear and/or 

branched sugar molecules composed of heterogeneous monomers coupled with glycosidic 

bonds (Govarthanan et al., 2015). Due to their viscosity, high emulsification, gelling nature 

(Priyanka et al., 2015), they find extensive applications in food, pharmaceutical and 

agricultural applications (Fretias et al., 2011; Amjres et al., 2015). Owing to the wide range of 

industrial applications and unique structural properties, bacterial EPS are gaining increased 

attention and are gradually becoming economically competitive with synthetic and other 

biopolymers produced by plants and algae (Rehm, 2009; Nicolaus et al., 2010; Carrion et al., 

2015). Bacterial EPS have been found to be highly water soluble, stable, and rheological. 

They have emulsifying properties and are effective across a wide range of pH and 

temperature (Kumar and mody 2009). 

Several studies have reported the production of EPS by bacteria including 

Pseudomonas sp. (Carrion et al., 2015), Bacillus sp. (Han et al., 2015; Malick et al., 2017), 

Rhodothermus marinus (Sardari et al., 2017), Leuconostoc mesenteroides (Xing et al., 2018), 

and Halomonas sp. (Govarthanan et al., 2015; Amjres et al., 2015). However, Bacteria from 

extreme environments have gained increased attention due to their special metabolic 

pathways and defensive mechanisms that enable them to withstand the harsh conditions 

(Carrion et al., 2015). Numerous studies have reported the EPS production by bacteria 

isolated from soil and water; however, there is no report on EPS produced by bacteria from 

brackish water environment, a buffering zone of sea and inland water.  

Rhodobacter sp. is a gram-negative, phototrophic non-sulphur purple bacterium 

widely distributed across seas, rivers and lakes (Mujahid et al., 2011). It grows under both 

anaerobic and aerobic conditions with several metabolic pathways depending on the growth 
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environment (Calvano et al., 2014). Several studies have reported the environmental 

applications of Rhodobacter sp. including bioremediation of heavy metals and polyaromatic 

hydrocarbons (Fonti et al., 2015; Li et al., 2016; Peng et al., 2018). It has been reported that 

the growth of phototrophic bacterium is greatly influenced by several physico-chemical 

parameters, such as light source, light intensity, temperature, pH, and available carbon 

sources present in the cultivation medium. Among all other parameters, light source greatly 

affects the cell growth, and metabolic pathways of the phototrophic bacterium (Kuo et al., 

2012). Therefore, the present study investigated the effect of blue light on the growth and 

metabolic activity of phototrophic bacterium. From this perspective, this study was designed 

(i) to isolate and identify the phototrophic Rhodobacter sp. from brackish water, (ii) to 

evaluate the influence of different light sources on the growth of Rhodobacter sp., (iii) to 

screen for EPS production, and analyze the effect of different sources of light and carbon, pH, 

and temperature of the growth medium on EPS production (iv) and to assess the flocculating, 

emulsifying and metal chelation activity of the Rhodobacter sp. BT18 EPS.   

2. Materials and methods 

2.1. Isolation of EPS-producing phototrophic bacteria 

Brackish water sample (~1 to 2 m depth) was collected from Pichavaram mangrove (11°23′–

11°30′ and 79°45′–79°50′), Tamil Nadu, India, using sterile serum bottles and transported on 

ice to the laboratory. The enrichment cultures were prepared by adding 10 mL of water 

sample into a 250 mL Erlenmeyer flask containing 100 mL of Biebel and Pfennig's (PNB) 

medium supplemented with 3 g/L pyruvate (Biebel, 1983). The flasks were incubated in a 

shaking incubator (250 rpm) at 30 ± 2˚C for 2 days. The subsequent enrichment cultures were 

serially diluted and plated on the PNB agar medium. Isolated colonies were purified and 

stored at 4C for further EPS production.  
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2.2. Identification of EPS-producing phototrophic bacteria 

Genomic DNA was extracted from the pure culture according to the method described by 

Sambrook and Russell (2001) and the isolated DNA was used as a template for PCR. The 16s 

rRNA gene of the isolate was amplified by using universal primer-27f (5′-

AGAGTTTGATCCTGGCTCAG-3′) and -1492r (5′-CCCCGTCAATTCATTTGAGTTT-3′). 

The amplicons were purified using QIAGEN PCR (Valencia, CA, USA) purification kit and 

sequenced using ABI PRISM 3700 sequencer (Foster City, CA, USA). The obtained 16S 

rRNA sequence was compared with the available sequences in the database using NCBI 

BLAST program (http://www.ncbi.nlm.nih.gov/BLAST). A phylogenetic tree was 

constructed using the neighbor-joining distance method by Mega software version 6.0.  

 

2.3. Effect of different light source on growth of Rhodobacter sp. BT18 

Effect of different light sources on Rhodobacter sp. BT18 growth was investigated by 

carrying out batch experiments. Briefly, the flasks were covered with blue (~470 nm), green 

(~500 nm), yellow (~550 nm), red (~600 nm), and white papers (light source was not covered 

by any color paper). Flasks covered with black color cloth served as a control. All the flasks 

were kept in an incubator installed with an illuminated light source (Philips T8 Master TL-D 

T8 16 Watt 830 (Warm White) for 24 h at 30 ± 2°C. After appropriate incubation, the optical 

density of the cell suspension was measured at 805 nm (Kuo et al., 2012) using a UV-Vis 

spectrophotometer. Based on the effect of lights on the growth of Rhodobacter sp. BT18, blue 

light was used for further incubation for the enhanced production of EPS in the optimization 

studies. 

 

2.4. EPS production 
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The production of EPS by the isolate Rhodobacter sp. BT18 was carried out by flask 

fermentation using slight modification of the simple culture medium (SCM) (pH 7) composed 

of KH2PO4, 0.5 g/L; ammonium acetate, 0.5 g/L; MgSO4.7H2O, 9.4 g/L; NaC1, 0.4 g/L; 

CaC12.2H2O, 0.1 g/L; yeast extract, 1 g/L; ferrous citrate, 0.005 g/L; glucose, 5 g/L (Cohen-

Bazire et al. 1957; Ye et al., 2013). The isolate BT18 (10
8
 cells/mL (0.8 OD) at 600 nm) was 

inoculated into 100 mL of SCM and incubated in a shaking incubator at 150 rpm at 30 ± 2˚C 

for 24 h. After the incubation, the cells were separated from SCM by centrifuging at 10000 

rpm for 15 min at 4 °C. The resulting supernatant was precipitated overnight at 4 °C by the 

addition of ethanol (6 volumes of 100% ethanol). The precipitated EPS were recovered by 

centrifuging at 10000 rpm for 15 min at 4 °C. The crude EPS were dissolved in sterile 

distilled water and dialysed with Millipore membranes to remove excess salts and other 

compounds of the culture medium to obtain pure EPS. The purified EPS were freeze-dried 

for further characterization and application studies. 

 

2.5. Optimization of EPS production 

Four independent variables, pH (5-8), temperature (30-40 °C), sucrose concentration (10-

50%), and blue light exposure time (24-96 h), were employed in this study and the 

experiments were designed by using a design expert software (Design Expert, version 10.0). 

The subsequent EPS production rate was evaluated by coefficient determination (R
2
), 

ANOVA and response surface plots. A second-order polynomial equation was developed to 

fit the data from the experimental investigations: 

 

Y = β0 + ∑ βi Xi + ∑ βii Xi
2
 + ∑ βij Xi Xj 
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where Y is the predicted response; β0, βi, βii, βij are the fixed regression coefficients of the 

model; and Xi and Xj represent the independent variables. 

 

2.6. Characterization of EPS produced by Rhodobacter sp. BT18  

The functional groups present in the EPS were determined by using Fourier transformed 

infrared (FT-IR) spectroscopy (Perkin-Elmer, Norwalk, USA). An infrared spectrum of t

he EPS was recorded using the KBr method in the range of 4000-400/cm. The porous 

nature and surface morphology of the EPS were examined by scanning electron microscopy 

(SEM; JEOL-64000, JEOL, Tokyo, Japan). The crystalline nature of the EPS was determined 

by using an X-ray diffractometer (Rigaku, Tokyo, Japan).  

 

2.7. Emulsification activity of EPS 

The emulsifying activity of EPS produced by Rhodobacter sp. BT18 was analyzed according 

to the method described by Cooper and Goldenberg (1987). Briefly, 5 mL of EPS solution 

and 5 mL of selected hydrophobic substrates (xylene, vaseline, coconut oil, and peanut oil) 

were vigorously mixed with a vortex mixer and incubated at room temperature for 24 h. 

Tween 80 was used as the control in this experiment. The emulsifying activity of the EPS was 

expressed as a percentage of total height occupied by the emulsification after 1 h and 24 h 

(Amjres et al., 2015). 

 

2.8. Flocculating activity of EPS 

To determine the flocculating nature of the EPS, the batch assay was performed according to 

Prasertsan et al. (2006) with a minor modification. Briefly, 0.5 ml of EPS solution (10, 20, 30, 

50 and 50 mg/L) was mixed with 1.5 ml of CaCl2 solution (pH 7.0) and 8 ml of kaolin clay 
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suspension (pH 7.0). The assay mixture was stirred with a magnetic stirrer for 2 min and 

incubated at room temperature for 5 min. Sterile distilled water was used as a control for this 

experiment. Flocculating activity was measured by optical absorbance at 550 nm and 

calculated as the % of activity. 

 

Flocculating activity = [(ODcontrol – ODtest)/ODcontrol] × 100 

 

2.9. Heavy metal chelating activity of EPS 

The heavy metal chelating property of EPS was estimated against different concentrations (50, 

100, 150 and 200 mg/L) of arsenic and lead. Briefly, 1% of EPS was mixed with metal 

solutions, incubated at room temperature for 1 h, and filtered using a glass filter. The 

precipitates present in the glass filter was carefully digested with nitric acid and the metal 

concentration in the sample was measured using inductively coupled plasma mass 

spectrometry (Agilent 4500, Agilent Technologies, Palo Alto, CA, USA). 

 

3. Results and discussion 

3.1. Identification of isolate BT18 

Morphologically, three different bacterial colonies were observed in the PNB agar plates and 

the isolates were designated as BT17, BT18, and BT19. Of the three isolates, only BT18 

produced EPS. Thus, the isolate BT18 was chosen for further studies. Based on 16S rDNA 

sequencing, the isolate was identified as Rhodobacter sp. (96.0% identity with Rhodobacter 

sp. YS18 (Accession No: LN879886)). The partial 16S rDNA of the isolate BT18 was 

deposited in GenBank (Accession Number: MK116466). Figure 1 shows the phylogenetic 

relationship of the Rhodobacter sp. BT18. Several studies reported that the EPS producer 
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belongs to the genera Bacillus, Pseudomonas, Halomonas etc. (Han et al., 2015; Carrion et al., 

2015; Govarthanan et al., 2015). However, EPS producing phototrophic Rhodobacter sp. has 

not been reported. To the best of our knowledge, this is the first report on the EPS-producing 

Rhodobacter sp. BT18. 

 

3.2. Growth of Rhodobacter sp. BT18 under different light conditions 

Light is an important factor for the growth of photosynthetic microorganisms. Thus, the 

growth of Rhodobacter sp. BT18 under different lights was investigated and the results are 

reported in Fig. 2. The batch experiments were performed under different light sources (blue 

(~470 nm), green (~500 nm), yellow (~550 nm), red (~600 nm), white, and darkness). The 

results clearly indicated that the best light source for the growth of Rhodobacter sp. BT18 

was blue light at 470 nm. The order of the bacterial growth under the different light sources 

was blue > white > green > red > yellow > dark. The minimum growth of the isolate BT18 

was observed in the flasks exposed to the yellow light. Kuo et al. (2012) reported that the 

enhanced growth of photosynthetic Rhodopseudomonas palustris was found to be under the 

blue light emitting diode (LED-Blue) at approximate wavelength of 470 nm. Katsuda et al. 

(2004) reported that enhanced cell growth was observed under the blue light with short 

wavelength of 380-470 nm. Based on the growth studies, the blue color light was used for the 

optimization of the EPS production. 

 

3.3. Response surface optimization of EPS production and ANNOVA  

The effect of abiotic factors, pH (5-8), temperature (30-40°C), sucrose concentration (10-

50%), light (blue) exposure time (24-96 h), and EPS yield was investigated using BBD. 
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Based on the experimental design, the maximum EPS yield (582.5 mg/L) was obtained at pH 

7.0, 35 °C, and 30% of sucrose concentration under 60 h of incubation with blue light 

illumination. Xing et al. (2018) reported that the addition of sucrose into the growth medium 

enhanced the production of EPS by Leuconostoc mesenteroides. The optimization study 

revealed that the blue color light and sucrose concentration in the growth medium 

significantly affect the EPS production in the fermentation system.  

The BBD experimental design and the experimental results of the EPS production are 

presented in Table 1. An ANOVA test for the EPS production was performed to make sure the 

significance of the model terms. The test result for the quadratic model (Eq. 1) was highly 

significant, as evident from the Fisher’s F-test (p < 0.005). The predicted R
2
 and adjusted R

2 

values were close to 1.0, indicating the model well fitted the experimental data. In addition, 

sequential model sum of squares, lack of fit tests and model summary statistics further 

supported the significance and adequacy of the model (Table 2). Three dimensional plots 

provided in Fig. 3 graphically represent the regression equations and were used to visualize 

the relationship between the response and experimental levels of each variable to determine 

optimum EPS production.  

 

3.4. Characterization of EPS 

SEM images showed the smooth and porous structure of the EPS (Fig.4). It has been reported 

that the porous nature of EPS is important for the water holding capacity (Shukla et al., 2011). 

The FT-IR spectra of the EPS showed many peaks from 3370-745/cm
 
(Fig.5 a). A broad 

absorption peak at 3370/cm
 
indicated the presence of a high level

 
of O-H stretching of 

hydroxyls confirming the presence of polysaccharides. The sharp peaks at 2930 and 2850/cm 

was assigned to the C-H stretching vibrations of the polysaccharide materials. The absorption 
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peaks at 1750 and 1680/cm indicate the amide and carboxyl groups, respectively. The intense 

peaks at 1450 and 1165/cm are assigned to be the C-O, C-O-C stretching of carbohydrates. 

The adoption peak at 745/cm
 
indicates the glycosidic linkage of exopolysaccharides. The 

results are consistent with previous studies reporting the FTIR characterization of EPS 

(Kanmani et al., 2011; Sun et al., 2009; Wang et al., 2008; Saravanan et al., 2016). 

XRD analysis was carried out to identify the amorphous nature of the EPS (Fig.5 b). 

The XRD spectra showed diffraction peaks at 31.6, 43.5, 45.3 and 50.8 °C, which indicate the 

crystalline structure of the EPS. The results are consistent with the previous studies reporting 

the crystalline nature of the EPS produced from Bacillus licherniformis (Singh et al., 2011), 

micro-algae (Mishra et al., 2011), and Leuconostoc lactis (Saravanan et al., 2016). 

 

3.5. Emulsifying activity of EPS 

The emulsifying activity is the most important feature of bacterial EPS. In our study, the EPS 

produced by the isolate Rhodobacter sp. BT18 showed a high emulsification activity against 

tested hydrophobic substrates compared to the Tween 80 (Table 3). The emulsification index 

of the EPS was > 75% for all the substrates (xylene, vaseline, coconut oil, peanut oil, and 

sunflower oil). Sunflower oil showed the maximum emulsification of 92.3%. Priyanka et al. 

(2015) reported that the EPS produced by Rhizobium sp. PRIM-18 emulsified 96% of 

sunflower oil. Lower emulsifications were seen in the case of xylene (75.5%) and vaseline 

(77.3%). Coconut oil (87.3%) and peanut oil (84.6%) too were considerably emulsified. The 

results indicated that the EPS was more efficient than the control Tween 80, which is an 

alternate to the chemical surfactants, and could be used in drug delivery systems for 
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lipophilic bioactive systems. The highest emulsification activity of the oils (coconut, peanut 

and sunflower oil) suggested that the EPS could be used as a potential surfactant for oil spill 

remediation. In addition, the high xylene emulsification ability of EPS could be utilized for 

enhanced removal of xylene from the ecosystem.  

 

3.6. Flocculating activity of EPS 

The flocculating activity of the EPS produced by Rhodobacter sp. BT18 was studied with 

various concentrations of the EPS (Fig. 6). The results showed that the maximum 

flocculating activity of about 75.4% was observed at 30 mg/L concentration of the EPS. The 

flocculating activity gradually increased with increase in the concentration of EPS from 10-

30 mg/L and decreased to 25.5 and 20.2 % at 40 mg/L and 50 mg/L, respectively. It has been 

reported that the dosage of EPS and the size of floc were related to each other. The kaolin 

particles in the reaction mixture around the EPS might aid in the increasing flocculation at 

lower concentrations. At higher concentrations that excessive amount of EPS may 

oversaturate the binding sites of the kaolin particles resulting in lower flocculating activity 

(Yoki et al., 1997; Prasertsan et al., 2006). Lee et al. (1995) observed that both deficiency and 

abundance of EPS and kaolin clay negatively affected the flocculating activity.  

 

3.7. Metal chelation property of EPS 

The EPS showed effective As and Pb chelation activities. About 64% of As and 51 % of Pb 

chelation was observed for 100 mg/L of As and Pb, respectively (Fig.7). Increase in As and 

Pb concentration confirmed the chelation activity. It has been reported that the hydroxyl and 

carbonyl groups of polysaccharides could be responsible for As and Pb chelation (Shuhong et 
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al., 2014). The metal-chelating property of the EPS could open new avenues for the 

bioremediation of heavy metals from water. 

 

4. Conclusion  

In this study, a new phototrophic bacterium, Rhodobacter sp. BT18 was isolated from 

brackish water and the optimal conditions for its EPS production and the structural 

characteristics of the produced EPS were investigated. The maximum EPS yield (582.5 

mg/L) was obtained under the condition of pH 7.0, 35 °C, and 30% of sucrose concentration, 

and 60 h of incubation under the blue light illumination. To the best of our knowledge, the 

EPS production by Rhodobacter sp. under different light sources has never been reported in 

the literature. The EPS showed potential emulsification, flocculation and metal chelating 

activities. 
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Figure legends 

Fig. 1. 16S rDNA based phylogenetic analysis of Rhodobacter sp. BT18. The phylogenetic 

tree constructed by the neighbor-joining method showing the position of isolate Rhodobacter 

sp. BT18. 

Fig. 2. Effect of different light sources on the growth of Rhodobacter sp. BT18. 

Fig. 3. Response surface 3-D plots of EPS yield under the BBD optimized conditions.  

Fig. 4. SEM micrographs of the EPS produced by Rhodobacter sp. BT18. 

Fig. 5 (a) FT-IR and (b) XRD of EPS 

Fig. 6. Flocculating activity of EPS 

Fig. 7. Metal chelating property of EPS.  
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Experiment  pH    Temp. (°C)  Sucrose (%)   Incubation with LB (h)    EPS yield (mg/L) 

1 7.0 35 10 96 420.0 

2  7.0 35 30 60 474.5  

3 7.5 30 30 60 392.3 

4 6.5 35 30 24 110.1 

5 7.0 35 30 60 473.5 

6 7.0 30 30 24 128.9 

7 7.5 35 30 24 134.5 

8 7.5 35 30 96 169.5 

9 7.5 35 50 60 375.6 

10 7.0 35 30 60 475.5 

11 6.5 35 30 96 135.7 

12 7.0 35 10 60 129.9 

13 7.0 35 30 60 580.8 

14 7.0 40 10 60 320.5 

15 7.0 40 30 96 360.6 

16 7.0 35 50 24 148.9 

17 7.0 30 30 96 420.5 

18 7.5 35 10 60 440.5 

19 7.0 35 50 96 410.0 

20 7.0 40 50 60 245.5 

21 7.0 35 10 24 120.6 

22 7.0 30 50 60 142.0 

23 7.0 35 30 60 582.5 

24 6.5 30 30 60 229.8 

25 7.5 40 30 60 386.5 

26 7.0 30 10 60 312.5 

27 6.5 40 30 60 100.2 

28 6.5 35 50 60 102.4 

29 7.0 40 30 24 200.5 

Table 1. Experimental design 
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Table 2. ANOVA 

Source of  

variation 

Sum of Squares Degrees 

of 

freedom 

Mean squares F value p-value 

Model 5.445E+05 14 38892.44 4.08 0.0064
a
 

A 99144.63 1 99144.63 10.39 0.0061 

B 12.40 1 12.40 0.0013 0.9717 

C 8512.01 1 8512.01 0.8921 0.3609 

D 95899.38 1 95899.38 10.05 0.0068 

AB 3831.61 1 3831.61 0.4016 0.5365 

AC 349.69 1 349.69 0.0366 0.8509 

AD 22.33 1 22.33 0.0023 0.9621 

BC 2280.06 1 2280.06 0.2390 0.6325 

BD 4323.06 1 4323.06 0.4531 0.5118 

CD 366.72 1 366.72 0.0384 0.8474 

A
2
 1.824E+05 1 1.824E+05 19.12 0.0006 

B
2
 66303.57 1 66303.57 6.95 0.0196 

C
2
 78526.33 1 78526.33 8.23 0.0124 

D
2 

1.683E+05         1       1.683E+05 17.64    0.0009 

Residual  1.336E+05 14      9541.93 ------- -----  

Lack of fit 1.198E+05 10 11.980.62 3.48 0.1205 

Pure error 13780.79 4 3445.20 ----- --------- 

Core total 6.781E +05 28 ----------- ------ --------- 
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Table 3. Emulsifying activity of EPS produced by Rhodobacter sp. BT18 against the 

tested hydrophobic substrates  

Hydrophobic substrates                     Emulsifying activity (%) 

                               Rhodobacter sp. BT18       Control (Tween 80) 

 

Coconut oil 87.3 ± 3.0 54.4 ± 2.0 

Peanut oil 84.6 ± 2.6 49.9 ± 3.3 

Xylene 75.5 ± 4.2 25.4 ± 2.4 

Vaseline 77.3 ± 3.2 31.4 ± 1.9 

Sunflower oil 92.3 ± 1.7    57.5 ± 2.5 
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A B S T R A C T

In the present study, we investigated the role of calcite, i.e., microbiologically-induced precipitate by ureolytic
Trichoderma sp. MG, in remediation of soils contaminated with arsenic (As) and lead (Pb). The fungus tolerates
high concentrations of As (500mg/L) and Pb (650mg/L). The effects of three factors, i.e., urea concentration,
CaCl2 concentration and pH, on urease production and bio-mineralization of As and Pb were investigated using
Box-Behnken design. The maximum urease production (920 U/mL) and metal removal efficiency (68% and 59%
for Pb and AS, respectively) were observed in the medium containing urea of 300mM and CaCl2 of 75mM at pH
9.0. Fourier transform infrared spectroscopy result revealed the formation of metal carbonates by the isolate MG.
Sequential extraction of metals revealed that the carbonate fractions of As and Pb were increased to 46.4% and
42.4% in bioremediated soil, whereas in control they were 35.5% and 32.5%, respectively. The X-ray powder
diffraction result further confirmed the role of calcite precipitate in bioremediation of As- and Pb-contaminated
soils. The results points out that the microbiologically-induced calcite precipitation is a feasible, eco-friendly
technology for the bioremediation of As- and Pb-contaminated sites.

1. Introduction

Arsenic (As) and lead (Pb) are well-known metals, primarily pro-
duced by mining, metal manufacturers, and human activities including
modern industrial operations, and agricultural practices (Donahoe
et al., 2004; Wang and Mulligan, 2006). The soil and/or water con-
taining As and Pb pose(s) a serious threat to both the ecosystem and
human health because of their high toxicity and difficulties in treatment
(Hseu et al., 2010). The toxicity of the metals is associated with many
kinds of human diseases including malfunctions of liver, heart, central
nervous system, and kidney, skin and lung tumours, and cardiovascular
disease (Dopp et al., 2004, 2010). Hence, a technology to efficiently
remove As and Pb from contaminated soil and water has attracted in-
creased attention worldwide.

The physico-chemical practices commonly applied for removal of As
and Pb are ion exchange, chemical precipitation, electrochemical
treatment, and reverse osmosis (Zhang et al., 2017). However, the ap-
plicability of these methods is limited because of their high cost, time
demand and potential generation of secondary wastes (Cui et al., 2017).
Recently, biological remediation of As and Pb is considered as a

promising alternative due to its environmental friendliness and cost
effectiveness (Govarthanan et al., 2010; Selvankumar et al., 2017). It
has been well established that microorganisms can remediate As and Pb
in soils through different routes such as intra and/or extra-cellular ac-
cumulation (Brookshaw et al., 2012), biosorption (Azarpira and
Mahdavi, 2016; Balarak et al., 2016; Bazrafshan et al., 2017), bio-mi-
neralization (Govarthanan et al., 2010), and chelation by producing
organic acids (Gadd et al., 2012). However, the effectiveness of bior-
emediation of As and Pb varies depending on microbial sensitivity to
soil redox potentials and/or valence state of metals (Qian et al., 2017).

Microbiologically-induced calcite precipitation (MICP) is a widely
known in-situ bioremediation method, where metal-resistant microbes
immobilize toxic metals in the form of minerals (Zhu and Dittrich,
2016). Recent progress in the science of MICP in bio-geological for-
mations has shaped the interest of bioremediation researchers world-
wide (Dhami et al., 2017). The precipitation of target metal compounds
with calcium carbonate and its dominant derivatives (i.e., calcites) is
mediated by a variety of bacteria, fungi, algae, and protista, thus, this
mechanism is preferably defined as bio-mineralization and/or MICP
(Gadd, 2010; Qian et al., 2015). Among the microorganisms, fungi have
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higher biomass and resistance to metals compared to bacteria and
algae; thus, fungi could be the potential candidate for MICP in the
treatment of As- and Pb-contaminated soils (Kumari et al., 2015).

Recent studies have reported the Trichoderma sp. could survive
under As-stress conditions in the mode of biotransformation and spe-
ciation (Su et al., 2010, 2017). Most of the studies reported that Tri-
choderma sp. can remediate single metal by MICP (Su et al., 2015).
Resistance to more than one metal would be advantageous in clean-up
of multi-metal-contaminated soils. To the best of our knowledge, no
study has been performed in the past on bioremediation of As- and Pb-
contaminated soils based on calcite precipitation mediated by Tricho-
derma sp. Recently, we successfully isolated As- and Pb-resistant Tri-
choderma sp. MG from decayed wood. Hence, the present study deals (i)
screening of the isolate, Trichoderma sp. MG, for ureolytic activity, (ii)
assessing the potential of the isolate MG to immobilize As and Pb via
MICP under optimized physico-chemical conditions using the Box-
Behnken design (BBD), (iii) evaluating different fractions of As and Pb
in bioremediated soils to better understand the interaction between the
isolate MG and metals, and (iv) confirming the MICP process by ap-
plying Fourier transform infrared spectrpscopy (FT-IR) and X-ray dif-
fraction (XRD) characterization for the bioremediated soils.

2. Materials and methods

2.1. Fungal strain

The isolation and identification of the isolate MG, and minimal in-
hibitory concentration of As and Pb for the fungal strain were reported
in our previous study (Govarthanan et al., 2018).

2.2. Screening of ureolytic activity of isolate MG

The isolate MG was screened for urease activity using the
Christensen's urea agar medium (Christensen, 1946). Briefly, well
grown fungal discs (10mm diameter) were transferred to the Chris-
tensen's urea agar and the plates were incubated at 26 ± 2 °C for 8–16
d. After incubation, the color change in the medium indicates the ur-
eolytic activity of the isolate.

2.3. Optimization of urease activity and enhanced removal of As and Pb
using Response surface methodology (RSM)

The BBD-based response surface methodology (RSM) was used to
optimize the pH, urea, and CaCl2 concentrations for enhanced pro-
duction of urease and removal of As and Pb from soils. In brief, batch
experiments were performed in 250mL bottles containing 100mL of
mineral-precipitating media (MPM1) (Dhami et al., 2017) with dif-
ferent concentrations of urea (100–500mM), CaCl2 (50–100mM), and
pH (6−9). Metal solutions (100mg/L) were carefully injected into the
bottles after sterilization. Later, five discs of the isolate MG was asep-
tically inoculated into each bottle and incubated in a rotary shaker at
27 °C for 14 d. A total of 17 runs were executed to determine the op-
timal process factors; tests for As and Pb removal and urease activity
were carried out according to the actual experimental design matrix.
The result was analyzed by applying ANOVA and response plots. For
RSM, the most widely used second-order polynomial equation was
developed to fit the experimental result and identify the relevant model
parameters.

∑ ∑ ∑= + + +Y ß ß X ß X ß X X0 j i j i
2

ij i j (1)

where Y is the predicted response; ß0, ßi, and ßij are the coefficients of
the regression model; and Xi and Xj represent independent variables.

The urease activity of the Trichoderma sp. was determined by
measuring the amount of ammonia released from urea during the
phenol-hypochlorite assay (Natarajan, 1995). One unit of urease

activity was defined as the amount of enzyme liberating 1 μmol NH3

from urea per minute. As and Pb concentrations in the samples were
analyzed using inductive coupled plasma-mass spectroscopy (ICP-MS).

2.4. Characterization of fungal biomass using FT-IR

At the end of bioremediation experiments, the Trichoderma biomass
was collected, washed several times with sterile distilled water, and
dried for 24–48 h in a freeze dryer. The dried fungal biomass was
analyzed by using FT-IR, and the spectrum was obtained using the KBr
method on a Perkin-Elmer FT-IR spectrophotometer (Norwalk, VA,
USA) in the region of 4000–400 cm-1.

2.5. Bio-mineralization of As- and Pb-contaminated soil by Trichoderma sp

Soil samples were collected from a depth of 20 cm, air-dried, sieved
to< 2mm, sterilized at 120 °C for 70min (four consecutive days), and
dried in an oven at 40 °C for a week. Two different groups of experi-
ments were performed for the bioremediation studies: bio-mineraliza-
tion and control experiments. Bio-mineralization experiments were
performed with the following matrix: 10 g of soil in 100mg kg-1 of As or
Pb in MPM1+10 discs of Trichoderma culture + 300mM urea and
75mM CaCl2 solution. On the other hand, control experiments were
performed with the following matrix: 10 g of soil in 100mg kg-1 of As or
Pb in MPM1. The flasks were incubated in a rotary shaker (180 rpm) at
room temperature for 14 d. After incubation, the samples were dried at
60 °C for 48 h and used for metal sequential extraction studies. The
exchangeable (F1), carbonate (F2), iron and manganese oxide-bound
(F3), organic-bound (F4), and residual fractions (F5) of As and Pb in the
soil samples were determined according to Song et al. (2009).

2.6. X-ray diffraction investigation of soil

The soil samples were analyzed by XRD to identify the metal crys-
tals produced by Trichoderma sp. The XRD analysis was carried out
according to Govarthanan et al. (2010).

2.7. Statistical analysis

The optimization experiments were performed using a statistical
software Design Expert (Version 6.0, Stat-Ease Inc., Minneapolis, USA).
The effective variables for the enhanced bio-mineralization were stu-
died with response surface methodology (RSM) Box-Behnken design
(BBD). By using the optimal BBD, the points of the bio-mineralization
experiments that will reduce the error in the estimated co-efficient of
the response model will be selected. An ANOVA test for urease pro-
duction, As and Pb removal were performed to ensure a good model.

3. Results and discussion

3.1. Screening of ureolytic activity of isolate MG

The formation of pink color around the mycelia plug in
Christensen's urea agar medium plate indicates the ureolytic activity of
the isolate MG. The urea agar base was supplemented with sterile urea.
Phenol red was added in the urea agar medium as a pH indicator. The
urea hydrolysis will increase the pH of the medium to render it alkaline,
resulting in development of pink color. The alkaline pH indicates the
production of ammonia (Christensen, 1946; Li et al., 2015).

3.2. Response surface optimization of urease production, As and Pb removal

The effect of bioremediation factors such as concentrations of urea
and CaCl2, and pH on urease production and removal of As and Pb was
investigated using the BBD (Fig. 1). Based on the experimental design,
the maximum urease production (920 U/mL) and high metal removal
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efficiencies (68% for Pb and 59% for As) were observed at the experi-
mental condition of 300mM of urea and 75mM of CaCl2 at pH 9.0.
However, much lower urease production (390 U/mL) and metal-

removal efficiencies (39.0% for Pb and 29% for As) were achieved at
100mM of urea and 75mM of CaCl2 at pH 10. The result showed that
the metal removal was directly proportional to the amount of urease

Fig. 1. Response surface 3-D plots of urease production, As and Pb removal by the isolate Trichoderma sp. MG.
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produced. The maximum metal removal efficiency of ~60% was ob-
served along with high urease production, while the minimum effi-
ciency of 30% was along with low urease production. The MICP process
had a positive effect on the removal of As and Pb by urease production.
The different removal efficiencies by the isolate Trichoderma sp. MG for
Pb (68.0%) and As (59%) might be due to different physiological
adaptation mechanisms and metal tolerance mechanisms. Several stu-
dies have reported the varying toxicity tolerance of fungal isolates to
different metals (Gonzalez-Chavez et al., 2002; Balamurugan and
Schaffner, 2006). The MICP process depends on the microorganisms
modifying their local environment to create an appropriate physico-
chemical condition for the precipitation of metals (Gadd et al., 2010,
2012). Li et al. (2014) demonstrated that the urease-positive fungus,
Neurospora crassa has the ability to precipitate metal carbonates when it
is incubated in urea-amended media, suggesting that metal remediation
or recovery by fungi is a promising method.

Li et al. (2015) reported that the media amended with urea and
CaCl2 involve precipitation of metals by the fungus, M. gramineum.
Several studies have reported the concentration of available calcium
sources significantly affect the microbial growth and carbonate pre-
cipitation (Gorospe et al., 2013; Li et al., 2013). It was reported that
CaCl2 could induce the growth of Aspergillus sp. UF3 and calcite pre-
cipitation under Pb stress (Dhami et al., 2017). Regarding the pH, a
rather high pH is preferable; Achal et al. (2012) reported that the best
pH would be 9.2 for the bio-mediated precipitation of most heavy
metals. In short, the literature and the result from this study demon-
strate that the optimization of physico-chemical conditions for the
metal remediation or recovery by fungi would be a promising method.

3.3. ANOVA test for urease production and enhanced As and Pb removal

The BBD experimental design and results of urease production and
As and Pb removal obtained from each run are presented in Table 1.
The results were analyzed and the responses were generated. An
ANOVA test for urease production and As and Pb removal designs was
performed to ensure a good model. The test result for the quadratic
regression model (Eq. (1)) exhibits that it is highly significant, as evi-
dent from the Fisher's F-test (p < 0.005). There was only a 0.01%
chance that a model F-value could occur due to noise. The lack of fit
values of urease production 146.04, As removal 36.25, and Pb removal
17.92 implies that lack of fit is also significant. There are only a 0.02%,
0.23%, and 0.88% chance that lack of fit F-value could occur due to
noise respectively. The predicted R2 and adjusted R2 values were in
reasonable agreement with the value of R2, which is closer to 1.0, in-
dicating the better fitness of the model in the experimental data. In

addition, sequential model sum of squares, lack of fit tests and model
summary statistics further supported the significance and adequacy of
the model (Table 2). Three dimensional plots provided in Fig. 1 gra-
phically represent the regression equations and were used to visualize
the relationship between the response and experimental levels of each
variable and the type of interaction between the variables to determine
the optimum urease production and As and Pb removal efficiencies. The
coefficients of all the regression equations were determined to obtain
the followings.

= + +−Urease activity(U mL ) 916.00 65.00 A 10.00 B–27.50 C–5.00 AB

–5.00 AC–5.00 BC–213.00 A –228.00 B –243 C

1

2 2 2

(2)

= + +

+

As removal efficiency(%) 58.80 1.50 A–1.37 B–2.38 C 1.75 AB

4.25 AC–2.50 BC–12.40 A –7.65 B –9.15 C2 2 2

(3)

=

+

Pb removal efficiency(%) 67.20–0.1250 A–2.37 B–1.75 C–0.2500 AB

5.50 AC–2.50 BC–13.23 A –7.22 B –7.97 C2 2 2

(4)

where A, B and C are the coded terms used in this experiment and
represent urea (mM) and CaCl2 concentration (mM) and pH (unit),
respectively. The effect of process variables on the response factors are
shown in 3D plots. The normality assumption of the response model
was checked by obtaining a normal probability plot of the residuals.
Equality of variance was checked by plotting residuals against the
treatments and the treatment averages, (fitted values), and inspecting
the spread in the residuals (Supplementary Fig. 1–3). The results in-
dicated that the developed statistical model is appropriate and the as-
sumptions associated with the ANOVA model are not violated.

3.4. FT-IR analysis

The As and Pb removal mechanism of Trichoderma sp. MG in MPM1
was analyzed using FT-IR. Fig. 2 showed the absorption pattern of As
group. The sharp peaks at 1554, 1394 cm−1 could be the C–O stretching
of the COOH groups. The absorption peaks at 1074 and 762 cm-1 are
attributed to hydroxyl ethers, amines, and amides, respectively (Li
et al., 2015). Fig. 3 shows the absorption pattern of Pb treatment group.
The bands observed at 3475 and 2934 cm-1 were assigned to the C−H,
O−H, and N−H stretching vibrations of COOH groups. The sharp
absorption peaks at 1753 and 991 cm-1 could be due to the N–H
stretching of primary secondary amines and amides (Qian et al., 2017;
Li et al., 2015). The FT-IR results revealed that the carboxyl, alkanes,
and amide groups served as the preliminary molecules for the

Table 1
Box-Behnken design and response result values of urease production, As and Pb
removal.

Run Urea (mM) CaCl2 (mM) pH Urease (U/mL) As (%) Pb (%)

1 500 100.0 9.0 620.0 42.0 44.0
2 500 75.0 8.0 540.0 37.0 42.0
3 300 75.0 9.0 920.0 59.0 67.0
4 300 50.0 8.0 520.0 45.0 55.0
5 100 100.0 9.0 480.0 36.0 46.0
6 300 75.0 9.0 900.0 58.0 67.0
7 500 50.0 9.0 480.0 38.0 48.0
8 100 75.0 10.0 390.0 29.0 39.0
9 300 75.0 9.0 920.0 59.0 68.0
10 500 75.0 10.0 490.0 41.0 51.0
11 100 50.0 9.0 320.0 39.0 49.0
12 300 100.0 10.0 340.0 34.0 44.0
13 100 75.0 8.0 420.0 42.0 52.0
14 300 100.0 8.0 440.0 44.0 54.0
15 300 75.0 9.0 920.0 59.0 67.0
16 300 75.0 9.0 920.0 59.0 67.0
17 300 50.0 10.0 480.0 45.0 55.0

Table 2
ANOVA for response surface quadratic model of urease production, As and Pb
removal.

Source of
variation

Sum of squares Degrees of
freedom

Mean squares F value p-value

Model 7.774E+ 05 9 86382.42 17.10 0.0006a

A 33800.00 1 33800.00 335.11 < 0.0001
B 800.00 1 800.00 309.08 < 0.0001
C 6050.00 1 6050.00 312.97 < 0.0001
AB 100.00 1 100.00 88.13 < 0.0001
AC 100.00 1 100.00 87.71 < 0.0001
BC 900.00 1 900.00 3.34 0.1102
A2 1.910E+ 05 1 1.910E+ 05 16.79 0.0046
B2 2.189E+ 05 1 2.189E+ 05 29.42 0.0010
C2 2.486E+ 05 1 2.486E+ 05 28.20 0.0011
Residual 35370.00 7 5052.86 — —
Lack of fit 35050.00 3 11683.33 531.93 < 0.0001
Pure error 320.00 4 80 — —
Core total 8.128E +05 16 — — —
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subsequent precipitation of As and Pb.

3.5. Sequential extraction

A methodology to sequentially extract As and Pb was adopted to
provide a comprehensive knowledge of the availability of As and Pb

Fig. 2. FT-IR spectrum of Trichoderma sp. MG grown in As-containing media
with and without urea and CaCl2.

Fig. 3. FT-IR spectrum of Trichoderma sp. MG grown in Pb-containing media
with and without urea and CaCl2.

Fig. 4. Distribution of As and Pb fractions in control and bio-mineralized soils (F1- exchangeable fraction, F2- carbonate fraction, F3- iron and manganese oxide-
bound fraction, F4- organic-bound fraction, and F5-residual fraction).

Fig. 5. X-ray diffractogram of bio-mineralized soils (a) As contaminated soil,
(b) Pb contaminated soils (C-calcite, H-halite, Q-quartz, V-vaterite, A-arago-
nite).
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and their interaction with carbonates biologically formed in con-
taminated soils. The order of As and Pb distribution were
F2 > F1 > F4 > F3 > F5. F1 for As and Pb (As bio-mineralization
group: 27.6% and Pb bio-mineralization group: 25.6%) was lower than
the respective control group (As control: 32.5% and Pb control: 29.5%).
This result indicates that the isolate Trichoderma sp. MG could trans-
form the bio-available metals into non-bio-available forms. The sig-
nificantly decreased F1 value indicates that the bioaccumulation and
biomagnifications of metals are prevented in the metal-contaminated
soils. The results are consistent with previous studies reporting a sig-
nificant reduction in exchangeable fraction of metals after bioaug-
mentation (Achal et al., 2012; Qian et al., 2017). However, a con-
siderable increase in the carbonate fraction (F2) was observed in the As
(46.4%) and Pb (42.4%) bioremediated soils, whereas for the control
soils, it was 35.5% and 32.5%, respectively (Fig. 4). The increased
distribution of carbonate-bound As and Pb was due to the induced
carbonate precipitation. The results corroborate with the studies by
Qian et al. (2017) and Govarthanan et al. (2013), reporting a significant
increase in the carbonate fraction of metals (F2) after bioaugmentation.

The distribution of Fe-Mn oxide fraction was not altered sig-
nificantly in control (As: 14.5, Pb: 11.5%) and bioremediated soils (As;
16.8% and Pb 14.8%). It might be due to the unavailability of Fe-Mn
fractions (F3) of As and Pb to the isolate MG. The results are consistent
with a previous study reporting that bioaugmentation did not sig-
nificantly reduce the Fe-Mn oxide fraction of metals (Qian et al., 2017).
F4 of As and Pb were significantly altered in the bioremediated soil (As
24.4% and Pb21.4%). The increased F4 values could be due to bio-
sorption to the fungal mycelia biomass. The increased residual fraction
(F5) was observed in bioremediated (As: 28.9, Pb: 26.9%) soils com-
pared to the control soils (As: 22.6, 20.6%) respectively. The observed
results indicated the efficiency of Trichoderma Sp. MG on bio-miner-
alization of As and Pb in contaminated soil.

3.6. XRD of soil

The result from sequential metal extractions might not be sufficient
enough to confirm the role of carbonate precipitation and mineral
formation. Thus, detailed XRD patterns of the bioremediated soils were
investigated and the results are shown in Fig. 5. Accordingly, the XRD
results showed the formation of various minerals such as, calcite, ara-
gonite, halite, and quartz. Many calcite peaks could be observed in the
bioremediated soils (Fig. 5(a), (b)). Alexandratos et al. (2007) reported
that oxy-anions of the metals may substitute for the carbonate group in
the calcite structure formation. It has been suggested that the calcite
peaks could be due to the indirect action of urease. Qian et al. (2017)
reported that the formation of calcite peaks during bio-mineralization
induced by fungal degradation of urea.

4. Conclusion

In this study, the mechanism of As and Pb bio-mineralization by the
isolate, Trichoderma sp. MG and the optimal physico-chemical condi-
tions were determined in both aqueous solution and soil. The isolate,
Trichoderma sp. MG could effectively immobilize As and Pb in the
contaminated soils. The fungal-mediated carbonates and minerals were
identified by FT-IR analysis and XRD. The MICP-associated removal of
As and Pb by Trichoderma sp. MG presented in this paper is an eco-
friendly and cost-effective bioremediation technique to clean up the soil
contaminated by the heavy metals.
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In this study, we report the potential use of market vegetable waste for the synthesis of gold nanoparticles
(AuNPs). The AuNPswere synthesised using a greenmethodwithout using any harmful chemical. The AuNPs ob-
tained from vegetable wastes were characterised by UV– vis spectroscopy, transmission electron microscopy,
scanning electron microscopy energy dispersive spectroscopy, X-ray diffraction, and Fourier transform-infrared
spectroscopic (FT-IR) analysis. The particles size for the green synthesised AuNPs from vegetable waste were
ranged from 10 to 70 nm. The AuNPs showed significant antibacterial activity against clinical pathogens.
Hence, this attempt has shown a great potential for utilizing market vegetable waste as a bio-reductant for the
synthesis of AuNPs.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Gold nanoparticles (AuNPs) are some of the most extensively stud-
ied nanomaterial in the field of nano biotechnology. AuNPs have
attracted wide attention due to their potential applications in catalysis
[1], antimicrobial [2], anticancer [3], drug delivery [4], and agriculture
[5]. The AuNPs can be easily synthesised and show high chemical as
well as thermal stability [6]. The conventional physico-chemical
methods attempted over the past several years for AuNPs synthesis
are electrochemical [7], photochemical [8], sono-chemical [9] and mi-
crowave assisted processes [10]. However, all these physico-chemical
methods are complex, cost-intensive, and pressure-required and use
toxic chemicals that can harm the human and the eco-system [11]. Cur-
rently, the use of biological materials for the synthesis of AuNPs has be-
come a popular alternative. In particular, plants and plant based wastes
have been successfully used for the production of AuNPs. Several studies
have reported on the synthesis of AuNPs using plants [12–14]. To the

best of our knowledge, the use of market vegetable waste has not
been reported so far, for AuNPs synthesis.

In recent years, waste management represents an important chal-
lenge in agricultural industries and markets. It demands an integrated
approach in the context of reuse for the production of value-added
products. India is the largest consumer of vegetable and produces tons
of vegetables wastes annually. Such estimates for the worldwide con-
sumption of vegetable are several folds higher. The vegetable wastes
were usually discarded in vegetable markets. The vegetables are mainly
composed of phytochemicals and many natural polysaccharides. Thus,
the use of market vegetable waste attracted for the synthesis of AuNPs.

In the present study, market vegetable wastes were used for the
production of AuNPs. The synthesised AuNPs structures have been
characterised by using standard spectrochemical methods. In addition,
antibacterial activity of the AuNPs has also been investigated.

2. Materials and methods

2.1. Chemicals

Gold (III) chloride hydrate (HAuCl4) was purchased from Sigma-
Aldrich (St Louis, MO, USA). All other chemicals were analytical grade
and purchased from Hi-Media Laboratories, Mumbai, India.
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2.2. Vegetable waste collection

Vegetable waste was collected from a waste disposal yard of a vege-
table market (Wednesday Market), Mallasamudram (11.4939° latitude
and 78.0295° longitude), India. The trading of vegetables in this citywas
approximately 2–5 tons/week. The 1–2 tons quantity of vegetables
trading produces a huge quantity of wastes in the form of discarded
vegetables, fresh skins of vegetables, fresh/damaged leaves etc. The
fresh vegetable waste was collected in plastic bags and brought to the
laboratory.

2.3. AuNPs synthesis

The vegetable waste was washed thoroughly with tap water and
double-distilled water until no impurities remained. The mixed vegeta-
ble waste (200 g) were separated and added to 1000 mL of sterile
double-distilled water and crushed using a mortar and pestle. The
extract was filtered through Whatman No.1 filter paper and stored at
4 °C for further experiments. The vegetable waste extract (4 mL) was
added to 96 mL of 1 mM HAuCl4 solution and incubated in an orbital
shaker for 12–24 h. The production of AuNPs was visually observed by
a colour change from yellow to dark red.

2.4. Characterization of AuNPs

The optical absorption spectra of the synthesised AuNPs were ob-
served using UV–vis spectrophotometer (Elico-SL 164). The surface
morphology and size of the AuNPs were measured using transmission
electron microscopy (TEM, FEI Tecnai TF 20 high resolution). The ele-
mental composition of the AuNPs was confirmed by scanning electron
micrograph-energy dispersive spectroscopy (SEM–EDS; Jeol JSM
6390). Fourier transform-infrared spectra (FT-IR) of AuNPs were
obtained with a Perkin-Elmer FT-IR spectrophotometer (IRAffinity-1S)
in the diffuse reflectance mode at a resolution of 4 particles cm−1 in
KBr pellets. X-ray powder diffraction was used to determine the
crystalline nature of the samples (XPERT-Pro diffractometer using Cu-
Ka radiation). Scanning was done in the region of 2θ from 10° to 80°
at 0.04°/min with a time constant of 2 s.

2.5. Antibacterial activity

The antibacterial activity of the AuNPs was assessed by the well dif-
fusion method using two different clinical pathogenic bacteria, namely,
Klebsiella sp. (Accession Number: KC899845), and Staphylococcus sp.
(Accession Number: KC688883). The pure cultures of the bacteria
were grown in nutrient agar media. Briefly, four different concentra-
tions of (25, 50, 75 and 100 μg/mL) AuNPs were loaded on to the
wells of the petridishes inoculatedwith Klebsiella sp. and Staphylococcus
sp., individually. The antibiotic ampicillin (1mg/mL), was used as a pos-
itive control. The plates were incubated at 37 °C for 12–24 h and the
zones of inhibition around the wells were measured manually.

3. Results and discussion

Recently, several studies have reported on the synthesis of AuNPs
using environment friendly and renewable sources. In these adopted
methodologies, abundant of plants and its products were utilized to
generate AuNPs. In the present study, a simple and facile method was
developed to synthesize AuNPs using market vegetable waste extract
and chloroauric acid solution. The vegetable waste extract was mixed
with chloroauric acid metal salt solution and the bio reduction of the
Au+ into AuNPs was observed at 37 °C for 12–24 h. The colour change
wasmonitored from yellow to dark red indicating production of AuNPs.

The AuNPs synthesised from vegetable waste was examined by UV–
Vis spectroscopy in the range of 200–800 nm. Expectedly, a characteris-
tic absorption peakwas observed around 530 nm, which is attributed to

the surface plasmon resonance of AuNPs. The excitation of the surface
plasmon resonance of AuNPs could be responsible for the colour change
in the reaction mixture. The observed results are consistent with a pre-
vious study which reported similar colour change in the reaction mix-
ture [15]. The morphological structure and size of the AuNPs were
shown in Fig. 1. The TEM image of AuNPs obtained from vegetable
waste extract exhibit spherical and triangle shapes and particles size
was found in the average range of 10–70 nm. Noruzi et al. [16] reported
the spherical and triangle nature of the AuNPs obtained from Rosa
hybrid petal extract with an average size of 10 nm. The particles were
presentmostly in aggregates. The size of theAuNPswasmainly depend-
ing on the physico-chemical properties of the reaction mixture such as,
pH, temperature and reactant concentration [17].

Fig. 2 shows the EDS spectrum of the vegetable waste extract
mediated synthesized AuNPs. The strongest peak at ~2 keV confirmed
the presence of elemental gold in its pure form. Furthermore, the EDS
pattern of AuNPs also consists of O and C with small amounts. The O
and C peaks may be developed from the phytochemicals of the vegeta-
blewaste. The crystalline character of the synthesised AuNPswas deter-
mined by the XRD analysis. Fig. 3 shows the XRD pattern of AuNPs
obtained from vegetable waste extract. The XRD pattern exhibited
four different diffraction peaks (111, 200, 220 and 311) at 2θ. The reflec-
tion peak (111) is more intense than other reflection peaks (200),
(220), and (311). These results are in agreementwith theprevious stud-
ies reported that the cubic nature of AuNPs [14,17,18].

Fig. 2. SEM-EDX spectrum of AuNPs.

Fig. 1. (a) TEM image of AuNPs synthesised from vegetable waste extract.
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The potential phytochemicals responsible for the bio-reduction
and the stabilization of AuNPs can be determined by the FT-IR analysis.
Fig. 4 shows the FTIR spectra of AuNPs synthesised from vegetable
waste extract. The AuNPs show prominent peaks at 3490, 2950, 1780,
1580, 1380, 1250, 1030, 920, and 600 cm−1, respectively. The peak at
1380 cm−1 was assigned to the symmetrical stretch of the carboxyl
group. The peak at 1250 cm−1 indicated acetyl group ofmolecules pres-
ent in theAuNPs. The peaks at 1030 and 920 cm−1were due to the C\\O
stretching vibrations of ether and alcohol groups respectively. The peak
at 600 cm−1 in the spectra of AuNPs corresponds to C\\C groups of ar-
omatic rings and C\\O stretching of carboxyl groups of proteins. The
strong adsorption bands at 3490 and 2950 cm−1 are characteristic
stretching vibrations of O\\H and C\\H groups respectively [17,19].
The FT-IR results indicate the possible role of phytochemicals in capping
and stabilizing the AuNPs.

Gold nanoparticles are extensively used in various value-added
products as antibacterial agent to fight against the infectious microor-
ganisms. Antibacterial activity of AuNPs was observed against Klebsiella
sp. (Accession Number: KC899845), and Staphylococcus sp. (Accession
Number: KC688883) and the results are shown in Fig. 5. The antibacte-
rial activity of four different concentrations of AuNPs (25, 50, 75 and 100
μg/mL) and its representative zones of inhibition around thewells were
observed respectively. The antibacterial activity of AuNPs is consistent
with previous reports on that of AuNPs synthesised from plant extracts

[20]. The obtained results indicated that the AuNPs synthesised using
market vegetable waste effectively inhibited the growth of tested path-
ogens. This ideal characteristics of the AuNPs makes them as a potential
candidate for developing both narrow-spectrum and broad-spectrum
antibacterial agent.

4. Conclusion

In conclusion, market vegetable waste could be used as an efficient
biological substrate for the rapid and consistent synthesis of AuNPs.
This simple, low cost, non-toxic, and abundantly available market vege-
table waste could be used as an efficient alternative to the other biolog-
ical materials. Such waste materials for synthesising AuNPs will be an
advantage since the biological waste materials can be potentially con-
verted into value-added nanomaterials. This study might open ways
to explore utilization of other naturally available biological wastes for
the synthesis of nanoparticles.
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A B S T R A C T

In this present study, the 3D structure of protease from Bacillus sp. was modeled by using modeler 9v9. The
generated structure was accessed for geometrical errors and energy stability using RAMPAGE, VERFIY 3D,
ERRAT and PROSA. The proteolytic nature of this modeled protease was determined by docking studies using
FlexX. The kertinolytic activity was revealed by using polysacchadire sub units such as arabinose, rhamnose,
galactose, and glucose; aminopeptidase activity was revealed by using amino acids like methionine, leucine,
rivastigmine and also by protease inhibitor like N-carbobenzyloxy-L-alanine and 4-amidino phenyl methane-
sulfonyl flurode. The docking studies showed that Asp160 and Try246 residues were mainly involved in binding
of all the compounds and other important amino acid residues such as His85, Asp97, Glu131, Asp160, Glu131,
Glu132, Asp160, Tyr246, and His247 were involved in hydrogen bonding with the substrates. These studies also
determined the substrate recognition pattern and the development of suitable protease can potentially enhance
its applications in keratin degradation.

1. Introduction

Proteases are proteolytic enzymes that catalyze the breakdown of
proteins by hydrolysis of peptide bonds. Proteolytic enzymes are ubi-
quitous in existence, it is being found in all living organisms, and is
crucial for cell growth and differentiation. In accordance with global
enzyme sales of industrial enzymes, protease accounts for 60–64% and
constitutes to be a largest product segment of industrial enzymes (Ch,
2007; Shankar et al., 2011; Annamalai et al., 2014; Satbir and Bijender
Kumar, 2014; Selvam et al., 2016). The serine alkaline proteases are
one of the most important groups of industrial enzymes. They account
for approximately 35% of the total microbial enzyme sales (Bhunia
et al., 2012). The proteases are highly valuable commercial enzymes as
various applications in food, pharmaceutical, detergent and dairy in-
dustries (Gupta et al., 2002; Vellard, 2003; Reddy et al., 2006; Ribitscha
et al., 2010; Bhunia and Dey, 2012; Bhunia et al., 2013). Several Ba-
cillus sp. like B. cereus (Prakash et al., 2014), Bacillus licheniformis (Lin

et al., 2015), Bacillus megaterium (Asker et al., 2013), B. ster-
othermophilus (Sookkheo et al., 2000), Bacillus mojavensis (Haddar et al.,
2009), Bacillus pumilus (Jaouadi et al., 2008) and B. subtilis (Maruthiah
et al., 2013) were involved in production of a wide variety of extra-
cellular enzymes, including proteases.

The molecular docking approach can be used to model the inter-
action between the molecule and a protein at the atomic level, which
allow us to characterize the behavior of molecules in the binding site of
target proteins as well as to elucidate fundamental biochemical pro-
cesses (Marrone et al., 1997; Huang and Zou, 2010; Ezat et al., 2014).
An important type of molecular docking is protein-ligand docking be-
cause of its therapeutic applications in modern structure-based drug
design. A disadvantage of these methods is their dependence on the
molecular data sets used to perform regression analyses and fitting.
Protein 3D structure is major pre-requisite for understanding the
function and evolutionary relationship. Various studies have reported
the potential in silicon application of homology or comparative
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modeling and de novo modeling in predicting the 3D structures and
evolutionary relationship (Dalton and Jackson, 2007) using deduced
amino acid sequences (Berg et al., 2002; Kalyaanamoorthy and Chen,
2014). Moreover, the stereo-chemical property of the proteins provides
fundamental understanding on the stereo-chemistry of the polypeptide
backbone. It has been established that Ramachandran map is a pow-
erful computational tool to validate the stereo-chemistry of the protein
structures (Ramachandran et al., 1963). ProSA is a diagnostic tool that
is based on the statistical analysis of all available protein structures
(Wiederstein and Sipplm, 2007), ERRAT is a program for verifying
protein structures determined by crystallography (MacArthur et al.,
1994).

In the present study an attempt has been made to understand the
binding efficiency of the modeled protease from Bacillus sp. and three
different substrates by molecular docking studies. The proteolytic ac-
tivity was revealed by using polysacchadire sub units such as arabinose,

rhamnose, galactose, and glucose; keratinolytic activity reveled by
using methionine, leucine, rivastigmine and also by aminopeptidase
like N-carbobenzyloxy-L-alanine and 4-amidino phenyl methane-
sulfonyl flurode.

2. Materials and methods

2.1. Keratin degrating activity of protease

The purified protease enzyme (previously reported Selvam et al.
(2016) was applied at 1% concentration of two piece goat skin (2.5 cm
× 2.5 cm), presoaked in tap water from flesh side and kept at ambient
temperature (27±2 °C) in a dry place. Loosening of hair and epidermis
were observed by mechanical means at an hourly interval. The skin
pieces were then virtually analyzed for dehairing activity as described
by Sudhir et al. (2010).

2.2. Target sequence

The 3D structures of the protease from Bacillus sp. is not available in
PDB database, thus the homologous sequences for building the 3D
structure was searched against PDB using NCBI-BlastP (basic local
alignment search tool) (Altschul et al., 1990; Mulukala et al., 2013).
The most homologous sequence obtained was considered as the po-
tential template structure for homology modeling. The atomic co-or-
dinate file of the template structure was obtained from the PDB
(Berman et al., 2000).

2.3. Homology modeling and model evaluation

The atomic coordinate file of the template structure along with
target and template final sequence alignment file was used to build the
model using the automated homology modeling tool MODELER 9v9
(Eswar et al., 2006; Webb and Sali, 2014). The bundles of model that
are randomly generated from the starting structure were calculated and
the best model with the least Root Mean Square Deviation (RMSD)
value was selected by superimposing the model with its template (Maiti
et al., 2004). This model was used for further analysis after subjecting it
for energy minimization using GROMOS of Swiss PDB viewer (Walter
et al., 1999). The quality of the generated protein structure model was

Fig. 1. Dehairing activity of goat skin before (A) and
after treatment (B).

Fig. 2. Ribbon diagrams of the modeled protease showing α- Helices, β- strands, and
loop.
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Fig. 3. Ramachandran plot (a) modeled protease, (b) template ob-
tained by RAMPAGE, (Supplementary material) (c) model overall
quality factor, (d) template overall quality factor evaluated by
ERRAT, (e) Black dot in plot showing the −6.14 z-score of predicted
model, (f) template showing the −9.64 z-score predicted by PROSA.
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assessed by checking the stereo chemical parameters using RAMPAGE
(Lovell et al., 2002), PROSA (Sippl, 1993; Wiederstein and Sipplm,
2007), Verfiy 3D (Bowie et al., 1991; Luthy et al., 1992) and ERRAT
(Colovos and Yeates, 1993; MacArthur et al., 1994) at SAVES server
(http://nihserver.mbi.ucla.edu/SAVES).

2.4. Prediction of substrate binding site

To determine the binding affinities between three categories like
keratinase, aminopeptidase and proteolytic activity. The modeled pro-
tease from Bacillus sp. by docking with proteolytic activity was revealed
by using polysacchadire sub units such as arabinose, rhamnose, ga-
lactose, and glucose; keratinolytic activity reveled by using methionine,
leucine, rivastigmine and also by aminopeptidase like N-carbobenzy-
loxy-L-alanine and 4-amidino phenyl methanesulfonyl flurode respec-
tively from the amino acids in the binding site of the developed was
predicted by submitting the structure to DoGSiteScorer: Active Site
Prediction and Analysis Server (Volkamer et al., 2012).

2.5. Ligand design

The 2D structures of the arabinose, rhamnose, galactose, glucose;
Methionine, Leucine, Rivastigmine, N-carbobenzyloxy-L-alanine and 4-
amidino phenyl methanesulfonyl flurode compounds were drawn in
ACD-Chemsketch version 11 (2006) and their SMILES notation was
obtained. The 3D structures were obtained and converted into SDF files
by using ‘Online SMILES convertor and Structure file generator’ server
(Weininger, 1988).

2.6. Substrates for molecular docking studies

The 3D structures of substrates like arabinose, rhamnose, galactose,
glucose; methionine, leucine, rivastigmine, N-carbobenzyloxy-L-alanine
and 4-amidino phenyl methanesulfonyl flurode were docked with the
binding sites of modeled protease from Bacillus sp. by using FlexX
(Rarey et al., 1996). The various parameters like default general
docking information, base placement using triangle matching, scoring
of full score contribution and threshold of 0, 30 and No score

Table 1
Evaluation results of Model, template by PROCHECK, VERIFY3D, ERRAT and PROSA.

Proteins PROCHECK VERIFY 3D ERRAT PROSA

Most favored regions Additional Allowed regions Generally allowed regions Disallowed regions 3D-ID Score Quality Factor Z-score

Model 93.0% 6.0% 1.0% 1.0% 100.00% 85.749 −6.14
Template 98.1% 1.9% 0% 0% 100% 89.49 −9.64

Table 2
Pockets and descriptors have been calculated for XPRO.
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contribution and threshold of 0, 70. Chemical parameters of clash
handling values for protein ligand clashes with maximum allowed
overlap volume of 2.9 A03 and intra-ligand clashes with clash factor of
0.6 and considering the hydrogen in internal clash tests. Default
docking details values of 200 for both the maximum number of solu-
tions per iteration and maximum number of solutions per fragmenta-
tion.

2.7. Prediction of ligand and receptor interactions

The interactions between arabinose, rhamnose, galactose, glucose,
methionine, leucine, rivastigmine, N-carbobenzyloxy-L-alanine and 4-
amidino phenyl methanesulfonyl flurode and protease from Bacillus sp.
as docked complex were analyzed by the pose-view of LeadIT (Stierand
et al., 2006).

3. Results and discussion

3.1. Kertinolytic activity

Kertinolytic process has been gaining importance as an alternative
chemical methodology in present day scenario as this process is sig-
nificant in the reduction of toxicity in addition to improvement of
leather quality (Sivasubramanian et al., 2008). However, most of the
proteases reported so far were unsuitable for dehairing purpose because
of the associated collagen Kertinolytic activity (Huang et al., 2003).
Proteases possessing keratinolytic activity but lacking collagenolytic
activity are having the great demand in the leather industry for the
depilating process (Zambare et al., 2007). They selectively degrade the
soft keratin tissue in the follicle, thereby pulling out intact hairs without
affecting tensile strength of the leather (Thanikaivelan et al., 2004).
Kertinolytic result showed that hairs from goat skin could be removed
very easily 24 h post incubation of goat skin with alkaline protease as
compared to skin treated with buffer only (control) confirming the
Kertinolytic potency of this protease (Fig. 1).

Fig. 4. Molecular docking (a) Docking interactions of polysaccharide subunits for keratinolytic activity, (b) Docking interactions of Amino acids for aminopepditase activity, (c) Docking
interactions for protease inhibitors.
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3.2. Sequence analysis and potential template for homology modeling

The BLASTP search for target sequences of protease from Bacillus sp.
against PDB database resulted that crystal structure of protease from
the structure of a serine protease from Bacillus lentus subtilisin (PDB ID:
1gci_A chain) as the most homologous with the sequence identity of
65%, at an E-value cut-off of 1e-02.

3.3. Homology modeling

The sequences of protease from Bacillus sp. and Co-ordinate files
1gci_A chain was used as inputs to build the initial model using
MODELER 9v9, a bundle model was developed by using random gen-
eration and by applying spatial resistance. The modeled structure of
protease from Bacillus sp. was shown in cartoon representation with
group color using rasmol visualization tool (Fig. 2).

3.4. Model assessment

The quality of the generated protein structure was assessed by the
overall stereo-chemical parameters by RAMPAGE, PROSA; Verfiy3D
and ERRAT of SAVES server. The Ramachandran plot of the generated

protease model from Bacillus sp. was analyzed and considered as the
best model based on the number of residues plotted in most favored and
additionally allowed regions. The percentage of residues plotted in the
most favorable regions, additionally allowed regions, generously al-
lowed regions and disallowed regions of Ramachandran plot for the
model was given in the Fig. 3a, b and Table 1. Further the overall
quality factor and compatibility of an atomic model (3D) with amino
acid sequence (1D) for the model was observed as −6.14 for PROSA
(Fig. 3. c, d Supplementary Material), 100.00% for Verify3D and 85.749
for ERRAT (Fig. 3. e, f Supplementary Material). The results of Ra-
machandran plot, RAMPAGE, PROSA, ERRAT and Verify-3D confirms
that the generated model were reliable and of good quality.

3.5. Binding site prediction

The modeled protease from Bacillus sp. was submitted to
DoGSiteScorer: active site prediction and analysis server and obtained
the possible binding sites. Among the predicted binding sites, the cat-
alytic site (Table 2) is considered based on the ligands in the template
structures were also observed in the same region and the same sites
were used for the further docking studies.

Fig. 4. (continued)
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3.6. Molecular docking studies

The docking complex and the interactions of polysaccharide sub
units, such as arabinose, rhamnose, galactose, and glucose used to de-
termine the keratinolytic activity. The aminopeptidase activity was
determined by docking the amino acids like, methionine, leucine. The
protease inhibitors such as N-carbobenzyloxy-L-alanine and 4-amidino
phenyl methanesulfonyl flurode were docked to understand the pro-
teolytic activity of the predicted Protease model from Bacillus sp. The
docking interactions between the binding site residues and the com-
pounds with their respective binding score were given in Fig. 4a–c and
Table 3.

3.6.1. Docking of polysaccharide subunits for keratinolytic activity
The docking interactions of the arabinose within the catalytic site of

modeled protease from Bacillus sp. with dock score of −17.0329 kJ/
mol supported that the arabinose is bounded by the means of 9 H bonds
favored by His85, Asp97, Glu131, Glu132, Asp160 Asp160, Tyr246,
and His247. This interaction is also favored by the means of hydro-
phobic interactions (Non-bonded) by Asp97, Glu131, Glu132, and
Asp160 residues. The interactions of rhamnose is favored by His85,

Asp97, Glu131, Glu132, Asp160, Tyr246, His247 by forming H bonds
and the amino acids Asp97, Glu131, Asp160 and Try246 contributed
the hydrophobic the interactions with the dock score of −20.3509 kJ/
mol. The galactose is found to be docked with −23.3823 kJ/mol sup-
ported by His85, Glu131, Asp160, Met161, Tyr246, and His247 by H
bonds and non bonded interactions by Glu131. The interaction of glu-
cose is supported by His85, Glu131, Glu132, Asp160, Arg202, Tyr246,
His247 and the non bonded interactions by Asp97, Glu131, Glu132 and
Try246 with dock score of −26.8762 kJ/mol (Fig. 4.a). The early stu-
dies observed that arabinose efficiently binds with tyrosinase for in-
hibition activity. The binding between arabinose and tyrosinase is given
in terms of dock score −26.28 kcal/moland the interaction is favored
by histidine, aspargine and methioine (Hu et al., 2012).

3.6.2. Docking of amino acids for aminopepditase activity
The interactions of Methionine is favored by Asp97, Glu132,

Tyr246, and His247 by forming H bonds and the amino acids Asp97,
Asp160 and Try246 contributed the hydrophobic the interactions with
the dock score of −27.1447 kJ/mol. The Leucine is found to be docked
with −33.5010 kJ/mol supported by Asp97, Glu131, Asp160, Tyr246,
and His247 by H bonds and non bonded interactions by Asp97, Asp160,

Fig. 4. (continued)
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Met161, Phe219, and Try246. The interaction of Rivastigmine is sup-
ported by Asp160, Arg202, Gly233 and the non bonded interactions by
Asp160, Met161, Gly199, Arg202, Ser203, Phe219, Ala222, Gly223,
and Try246 with dock score of −13.4063 kJ/mol (Fig. 4.b). Similarly,
the fibrinolytic activity of aminopeptidase from Pseudomonas aeruginosa
through cloning studies and also explored the catalytic triad for ami-
nopeptidase activity through docking studies. Their results showed that
substrates binding are facilitated by the scaffold consisting of glutamic
acid, serine and histidine (Sharma et al., 2013).

3.6.3. Docking interaction for protease activities
The interactions of N-carbobenzyloxy-L-alanine is favored by His85,

Arg202, Try246 and His247 by forming H bonds and the amino acids
Glu132, Asp160, Try147, Gly199, Arg202, Ser203, and Phe219 con-
tributed the hydrophobic the interactions with the dock score of
−20.8798 kJ/mol. The 4-amidino phenyl methanesulfonyl flurode is
found to be docked with −29.1501 kJ/mol supported by Asp97,
Glu132, Tyr172, and Hoh1010 by H bonds and non bonded interactions
by Asp97, Asp160, Met161, Arg202, Ser203, Phe219, and Try246. The
interaction of 3,4-dichloroisocoumine is supported by His85, His247
and the non bonded interactions by Glu131, Glu132, Asp160, Arg202,
Met161, Phe219, Try246 and His246 with dock score of −13.1883 kJ/
mol (Fig. 4.c). It is observed that the amino acids Try246 and His247 in
the catalytic site enhanced the binding of most compounds by the
formation of H bonds. Interestingly, it is observed that Asp160 and
Try246 were found to contribute the h bond formation with most of the
compounds, which signifies that these residues might play an essential
role in the degradation pathway as enzymatic hydrolysis. Similarly

reported the serine protease inhibitor namely phenyl methyl sulfonyl
fluoride efficiently bound in the predicted binding site of keratinase
enzyme from Bacillus licheniformis and the interaction of PMSF is fa-
vored by glycine residues. Where as in our study, it is observed that the
interaction of PMSF, 3,4-dichloro isocoumarine and N-carbobenzyloxy-
L-alanine revealed that the substrates efficiently bound with significant
docking scores and the interactions are favored by Tyrosine, Histidine
and Aspartic acid. Further out study envisages that the enzymatic hy-
drolysis activity of protease can be efficiently enhanced by modifying
the residues in the catalytic site which can give better yield and
maintains the cost of production (Jayalakshmi et al., 2011).

4. Conclusion

The results of this study, the substrate specificity of protease were
determined by molecular studies. The degradation of goat skin keratin,
and could be used to characterize the substrate specificity of proteases.
The 3D model of predicted protease from Bacillus sp. was generated by
using homology modeling approach. The modeled protease structure
was accessed for stereo chemical quality using RAMPAGE, VERFIY 3D,
ERRAT and PROSA. The docking studies with the dock score showed
Polysaccharide subunits for keratinolytic activity against galactose
−23.3823 kJ/mol, aminopeptidase activity against leucine −33.5010
(kJ/mol), and protease inhibitor against 3,4-dichloro isocoumarine
−29.1501 (kJ/mol), respectively. This work determined the substrate
recognition pattern and the development of suitable protease can po-
tentially enhance its applications in many industrial sectors.

Fig. 4. (continued)
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Fig. 4. (continued)

Table 3
Docking complex and interactions of amino acids within the catalytic site of modeled protease from Bacillus sp.

CID-66308 CID-19233 CID-6036 CID-5793 CID-6137 CID-6106 CID-77991 CID-736104 CID-1719 CID-1609

*His85 *His85 *His85 *His85 – – – *His85 – *His85
*Asp97 *Asp97 – – *Asp97 *Asp97 – – *Asp97 –
Asp97 Asp97 – Asp97 Asp97 Asp97 – – Asp97 –
*Glu131 *Glu131 *Glu131 *Glu131 – *Glu131 – – – –
Glu131 Glu131 Glu131 Glu131 – – – – – Glu131
*Glu132 *Glu132 *Glu132 *Glu132 *Glu132 – – – *Glu132 –
Glu132 – – Glu132 – – – Glu132 – Glu132
*Asp160 – *Asp160 *Asp160 *Asp160 *Asp160 *Asp160 – – –
Asp160 Asp160 – – Asp160 Asp160 Asp160 Asp160 Asp160 Asp160
– – *Met161 – – – *Gly223 – – Arg202
– – – – Met161 Met161 Met161 – Met161 Met161
– – – – – – – – *Try172 –
– – – – – – – Try172 – –
– – – – – – Gly199 Gly199 – –
*Arg202 – *Arg202 *Arg202 – – *Arg202 *Arg202 – –
– – – – – – Arg202 Arg202 Arg202 –
– – – – – – – Ser203 Ser203 –
– – – – – Phe219 Phe219 Phe219 Phe219 Phe219
– – – – – – Ala222 – – –
– – – – – – Gly223 – – –
*Try246 *Try246 *Try246 *Try246 *Try246 *Try246 – *Try246 – –
– Try246 – Try 246 Try246 Try246 Try246 – Try246 Try246
*His247 *His247 *His247 *His247 *His247 *His247 – *His247 – *His247
– – – – – – – – – His247
– – – – – – – – *Hoh1010 –
−17.0329 −20.3509 −23.3823 −26.8762 −27.1447 −33.5010 −13.4063 −20.8798 −29.1501 −13.1883

*Hbond residues.
Hydrophobic residues.
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Appendix A. Supplementary material

Supplementary data associated with this article can be found in the
online version at http://dx.doi.org/10.1016/j.bcab.2017.11.016.

References

ACD/ChemSketch Freeware, version 11, 2006. Advanced Chemistry Development, Inc.,
Toronto, ON, Canada, 〈www.acdlabs.com〉.

Altschul, S.F., Gish, W., Miller, W., Myers, E.W., Lipman, D.J., 1990. Basic local alignment
search tool. J. Mol. Biol. 215, 403–410.

Annamalai, N., Rajeswari, M.V., Sahu, S.K., Balasubramanian, T., 2014. Purification and
characterization of solvent stable, alkaline protease from Bacillus firmus cas 7 by
microbial conversion of marine wastes and molecular mechanism underlying solvent
stability. Process Biochem. 49, 1012–1019.

Asker, M.M., Mahmoud, M.G., El Shebwy, K., Abd el Aziz, M.S., 2013. Purification and
characterization of two thermostable protease fractions from Bacillus megaterium. J.
Genet. Eng. Biotechnol. 11, 103–109.

Berg, J.M., Tymoczko, J.L., Stryer, L., 2002. The amino acid sequence of a protein de-
termines its three-dimensional structure. In: Freeman, W.H. (Ed.), Biochemistry,
Section 3.6, New York.

Berman, H.M., Westbrook, J., Feng, Z., Gilliland, G., Bhat, T.N., Weissig, H., Shindyalov,
I.N., Bourne, P.E., 2000. The protein data bank. Nucleic Acids Res. 28, 235–242.

Bhunia, B., Basak, B., Dey, A., 2012. A review on production of serine alkaline protease by
Bacillus spp. J. Biochem Tech. 3, 448–457.

Bhunia, B., Dey, A., 2012. Statistical approach for optimization of physiochemical re-
quirements on alkaline protease production from Bacillus licheniformis NCIM-204.
Enzym. Res. 905804.

Bhunia, B., Basak, B., Bhattacharya, P., Mandal, T., Dey, A., 2013. Effect of pH and
temperature on stability and kinetics of novel extracellular serine alkaline protease
(70 kDa). Int J. Biol. Macromol. 54, 1–8.

Bowie, J.U., Luthy, R., Eisenberg, D., 1991. A method to identify protein sequences that
fold into a known three-dimensional structure. Science 253, 164–170.

Ch, W.H., 2007. Optimization of extracellular alkaline protease production from species
of Bacillus. J. Ind. Microbiol. Biotechnol. 34, 241–245.

Colovos, C., Yeates, T.O., 1993. Verification of protein structures: patterns of nonbonded
atomic interactions. Protein Sci. 2, 1511–1519.

Dalton, J.A.R., Jackson, R.M., 2007. An evaluation of automated homology modeling
methods at low target template sequence similarity. Bioinformatics 23, 1901–1908.

Eswar, N., Marti-Renom, M.A., Webb, B., Madhusudhan, M.S., Eramian, D., Shen, M.,
Pieper, U., Sali, A., 2006. Comparative Protein Structure Modeling with MODELLER:
Current Protocols in Bioinformatics. John Wiley and Sons, Inc, pp. 5.6.1–5.6.30.

Ezat, A.A., El-Bialy, N.S., Mostafa, H.I.A., Ibrahim, M.A., 2014. Molecular docking in-
vestigation of the binding interactions of macrocyclic inhibitors with HCV NS3 pro-
tease and its mutants (R155K, D168A and A156V). Protein J. 33, 32–47.

Gupta, R., Beg, Q., Khan, S., Chauhan, B., 2002. An overview on fermentation, down-
stream processing and properties of microbial alkaline proteases. Appl. Microbiol.
Biotechnol. 60, 381–395.

Haddar, A., Agrebi, R., Bougatef, A., Hmidet, N., Sellami-Kamoun, A., Nasri, M., 2009.
Two detergent stable alkaline serineproteases from Bacillus mojavensis A21: pur-
ification, characterization and potential application as a laundry detergent additive.
Bioresour. Technol. 100, 3366–3373.

Hu, W.J., Yan, L., Park, D., Jeong, H.O., Chung, H.Y., Yang, J.M., Ye, Z.M., Qian, G.Y.,
2012. Kinetic, structural and molecular docking studies on the inhibition of tyr-
osinase induced by arabinose. Int. J. Biol. Macromolec. 50 (3), 694–700.

Huang, Q., Peng, Y., Li, X., 2003. Purification and characterization of extracellular al-
kaline serine protease with dehairing function from Bacillus pumilis. Curr. Microbiol.
43, 169–173.

Huang, S.Y., Zou, X., 2010. Advances and challenges in proteinligand docking. Int. J. Mol.
Sci. 11, 3016–3034.

Jaouadi, B., Ellouz-Chaabouni, S., Rhimi, M., Bejar, S., 2008. Biochemical and molecular
characterization of a detergentstable serine alkaline protease from Bacillus pumilus
CBS with high catalytic efficiency. Biochimie 90, 1291–1305.

Jayalakshmi, P., Krishnamoorthy, G., kumar, Ramesh, Sivaman, P., 2011. Docking con-
formation of Bacillus licheniformis keratinase enzyme and PMSF ligand T. Drug
Invent. Today 3 (8), 200–202.

Kalyaanamoorthy, S., Chen, Y.P.P., 2014. Modelling and enhanced molecular dynamics to
steer structure-based drug discovery. Prog. Biophys. Mol. Biol. 114, 123–136.

Lin, S., Zhang, M., Liu, J., Jones, G.S., 2015. Construction and application of recombinant
strain for the production of an alkaline protease from Bacillus licheniformis. J. Biosci.
Bioeng. 119, 284–288.

Lovell, S.C., Davis, I.W., Arendall III, W.B., de Bakker, P.I.W., Word, J.M., Prisant, M.G.,
Richardson, J.S., Richardson, D.C., 2002. Structure validation by Calpha geometry:
phi, psi and Cbeta deviation. Proteins Struct. Funct. Genet. 50, 437–450.

Luthy, R., Bowie, J.U., Eisenberg, D., 1992. Assessment of protein models with three-
dimensional profiles. Nature 356 (6364), 83–85.

MacArthur, M.W., Laskowski, R.A., Thornton, J.M., 1994. Knowledge-based validation of
protein structure coordinates derived by X-ray crystallography and NMR spectro-
scopy. Curr. Opin. Struct. Biol. 4, 731–737.

Maiti, R., Van Domselaar, G.H., Zhang, H., Wishart, D.S., 2004. Super- pose: a simple
server for sophisticated structural superposition. Nucleic Acids Res. 32 (1),
W590–W594.

Marrone, T.J., Briggs, J.M., McCammon, 1997. Structure-based drug design. Annu. Rev.
Pharmacol. Toxicol. 37, 71–90.

Maruthiah, T., Esakkiraj, P., Prabakaran, G., Palavesam, A., Immanuel, G., 2013.
Purification and characterization of moderately halophilic alkaline serine protease
from marine Bacillus subtilis AP-MSU 6. Biocatal. Agric. Biotechnol. 2, 116–119.

Mulukala, N.S.K., Gunda, S.K., Shaik, M., 2013. Comparative modeling of Rab6 proteins:
identification of key residues and their interactions with guanine nucleotides. J. Mol.
Model. 19, 1891–1900.

Prakash, S., Ramasubburayan, R., Iyapparaj, P., Sankaralingam, S., Palavesam, A.,
Immanuel, G., 2014. Optimization and partial purification of a protease produced by
selected bacterial strains grown on trash fish meal substrate and its antagonistic
property against bacterial pathogens. Biocatal. Agric. Biotechnol. 3, 288–295.

Ramachandran, G.N., Ramakrishnan, C., Sasisekharan, V., 1963. Stereo-chemistry of
polypeptide chain conformations. J. Mol. Biol. 7, 95–99.

Rarey, M., Kramer, B., Lengauer, T., Klebe, G., 1996. A fast, flexible docking method using
an incremental construction algorithm. J. Mol. Biol. 261, 470–489.

Reddy, Ch, S., Vijayasarathy, K., Srinivas, E., Sastry, G.M., Sastry, G.N., 2006. Homology
modeling of membrane proteins: a critical assessment. Comp. Biol. Chem. 30 (2),
20–26.

Ribitscha, D., Karla, W., Birner-Gruenbergera, R., Grubera, K., Eiteljoerg, I., Remlera, P.,
2010. C-terminal truncation of a metagenome derived detergent protease for effective
expression in E. coli. J. Biotechnol. 150, 408–416.

Satbir, S., Bijender Kumar, B., 2014. Medium optimization for enhanced production of
protease with industrially desirable attributes from Bacillus subtilis K-1. Chem. Eng.
Commun. http://dx.doi.org/10.1080/00986445.2014.900052.

Selvam, K., Govarthanan, M., Senthilkumar, B., Senbagam, D., Selvankumar, T., Kamala-
Kannan, S., Sudhakar, C., 2016. Optimization of protease production from surface-
modified coffee pulp waste and corncobs using Bacillus sp. by SSF 3. Biotech 6 (2),
167.

Shankar, S., Rao, M., Seeta Laxman, R., 2011. Purification and characterization of an
alkaline protease by a new strain of Beauveria sp. Process Biochem. 46 (2), 579–585.

Sharma, R., Verma, V.V., Gupta, R., 2013. Functional characterization of an extracellular
keratinolytic protease, Ker AP from Pseudomonas aeruginosa KS-1: a putative ami-
nopeptidase with PA domain. J. Mol. Catal. B Enzym. 91, 8–16.

Sippl, M.J., 1993. Recognition of errors in three-dimensional structures of proteins.
Proteins 17, 355–362.

Sivasubramanian, S., Murali Manohar, B., Rajaram, A., Puvanakrishna, R., 2008. Eco-
friendly lime and sulfide free enzymatic dehairing of skins and hides using a bacterial
alkaline protease. Chemosphere 70, 1015–1024.

Sookkheo, B., Sinchaikul, S., Phutrakul, S., Chen, S.T., 2000. Purification and char-
acterization of the highly thermostable proteases from Bacillus stearothermophilus
TLS33. Protein Expr. Purif. 20, 142–151.

Stierand, K., Maab, P., Rarey, M., 2006. Molecular complexes at a glance: automated
generation of two-dimensional complex diagrams. Bioinformatics 22, 1710–1716.

Sudhir, K., Rai, Ashis, K., Mukherjee, 2010. Statistical optimization of production, pur-
ification and industrial application of alaundry detergent and organic solvent-stable
subtilisin-like serine protease (Alzwiprase) from Bacillus subtilis DM-04. Biochem.
Eng. J. 48, 173–180.

Thanikaivelan, P., Rao, J.R., Nair, B.U., Ramasami, T., 2004. Progress and recent trends in
biotechnological methods for leather processing. Trends Biotechnol. 22, 181–188.

Vellard, M., 2003. The enzyme as drug: application of enzymes as pharmaceuticals. Curr.
Opin. Biotechnol. 14, 444–450.

Volkamer, A., Kuhn, D., Grombacher, T., Rippmann, F., Rarey, M., 2012. Combining
global and local measures for strucure-based druggability predictions. J. Chem. Inf.
Model 52, 360–372.

Walter, R.P., Scott, P.H., Hunenberger, I.G., Tironi, A.E., Mark, S.R., Billeter, J.F., Torda,
A.E., Huber, T., Kruger, P., van Gunsteren, W.F., 1999. The GROMOS biomolecular
simulation program package. J. Phys. Chem. A 103 (19), 3596–3607.

Webb, B., Sali, A., 2014. Comparative Protein Structure Modeling using Modeller. Current
Protocols in Bioinformatics. John Wiley and Sons, Inc, pp. 5.6.1–5.6.32.

Weininger, D., 1988. SMILES, a chemical language and information system. Introd.
Methodol. encoding rules. J. Chem. Inf. Model. 28, 31–36.

Wiederstein, M., Sipplm, M.J., 2007. ProSA-web: interactive web service for the re-
cognition of errors in three-dimensional structures of proteins. Nucleic Acids Res. 35,
W407–W410.

Zambare, V.P., Nilegaonkar, S.S., Kanekar, P.P., 2007. Production of an alkaline protease
by Bacillus cereus MCM B-326 and its application as a dehairing agent. World J.
Microbiol. Biotechnol. 23, 1569–1574.

S. Kandasamy et al. Biocatalysis and Agricultural Biotechnology 13 (2018) 95–104

104

http://dx.doi.org/10.1016/j.bcab.2017.11.016
http://www.acdlabs.com
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref1
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref1
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref2
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref2
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref2
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref2
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref3
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref3
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref3
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref4
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref4
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref5
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref5
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref6
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref6
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref6
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref7
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref7
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref7
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref8
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref8
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref9
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref9
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref10
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref10
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref11
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref11
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref12
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref12
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref12
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref13
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref13
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref13
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref14
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref14
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref14
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref15
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref15
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref15
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref15
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref16
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref16
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref16
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref17
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref17
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref17
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref18
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref18
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref19
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref19
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref19
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref20
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref20
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref20
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref21
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref21
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref22
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref22
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref22
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref23
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref23
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref23
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref24
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref24
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref25
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref25
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref25
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref26
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref26
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref26
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref27
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref27
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref28
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref28
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref28
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref29
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref29
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref29
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref30
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref30
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref30
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref30
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref31
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref31
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref32
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref32
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref33
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref33
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref33
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref34
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref34
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref34
http://dx.doi.org/10.1080/00986445.2014.900052
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref36
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref36
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref36
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref36
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref37
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref37
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref38
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref38
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref38
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref39
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref39
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref40
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref40
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref40
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref41
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref41
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref41
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref42
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref42
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref43
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref43
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref43
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref43
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref44
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref44
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref45
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref45
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref46
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref46
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref46
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref47
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref47
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref47
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref48
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref48
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref49
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref49
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref50
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref50
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref50
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref51
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref51
http://refhub.elsevier.com/S1878-8181(17)30449-8/sbref51


solation, 1dentification and characterization of arsenic transforming exogenous endophytic Citrobacter sp. RPT from roots of Pteris.. 9/5/22, 5:59 PM 

Springer Link Search Q Log in 

Download PDF 

Short Reports Open Access Published: 26 July 2017 
Isolation, identification and 
characterization of arsenic transforming
exogenous endophytic Citrobacter sp. 
RPT from roots of Pteris vittata 

T. Selvankumar, R. Radhika, R. Mythili, S. Arunprakash, P 
Srinivasan, M. Govarthanan& Hyunook Kim 

3 Biotech 7, Article number: 264 (2017) 

2065 Accesses 15 Citations 2 Altmetric Metrics 

Abstract 

The aim of the present study was to assess the arsenic 

(As) transformation potential of endophytic bacteria 

isolated from roots of Pteris vittata plant. The 

endophytic bacterium was tested for minimal 

inhibitory concentration (MIC) against As. The 

endophytic strain RPT exhibited the highest 

resistance to As(V) (40oo mg/1). Phylogenetic analysis 

of the 16S rRNA sequence suggested that strain 

RPT was a member of genus Citrobacter. The As 

transformation assay revealed As(III) oxidation and 

As(V) reduction potential of Citrobacter sp. RPT. The 

As resistance mechanism was further confirmed by 

amplification of arsC and aoxB genes. The growe 
PRINCIPAL 

PGP College of Arts and Science 

Namakkal 1/24 https:/link.springer.com/article/10.1007/s13205-017-0901-8 



SHORT REPORTS

Isolation, identification and characterization of arsenic
transforming exogenous endophytic Citrobacter sp. RPT
from roots of Pteris vittata

T. Selvankumar1 • R. Radhika1 • R. Mythili1 • S. Arunprakash2 • P. Srinivasan1 •

M. Govarthanan1,3 • Hyunook Kim3

Received: 8 November 2016 / Accepted: 19 July 2017

� Springer-Verlag GmbH Germany 2017

Abstract The aim of the present study was to assess the

arsenic (As) transformation potential of endophytic bacte-

ria isolated from roots of Pteris vittata plant. The endo-

phytic bacterium was tested for minimal inhibitory

concentration (MIC) against As. The endophytic strain

RPT exhibited the highest resistance to As(V) (400 mg/l).

Phylogenetic analysis of the 16S rRNA sequence suggested

that strain RPT was a member of genus Citrobacter. The

As transformation assay revealed As(III) oxidation and

As(V) reduction potential of Citrobacter sp. RPT. The As

resistance mechanism was further confirmed by amplifi-

cation of arsC and aoxB genes. The growth kinetics of

strain RPT was altered slightly in the presence of different

concentration (100–400 mg/l) of As stress. Temperature

and pH influenced the As removal rate. The maximum As

removal was observed at pH 7.0 (74%) and 37 �C (70.9%).

The results suggest that strain RPT can survive under the

As stress and has been identified as a potential candidate

for application in bioremediation of As in contaminated

environments.

Keywords Arsenic � Transformation � Bioremediation �
Pteris vittata � Citrobacter

Introduction

Arsenic (As) contamination in environment is a major

problem in all over the modern industrialized world. It has

received increasing attention due to its carcinogenic

impacts on human health. Mining and metallurgical

activities lead to As pollution in the environment (Zhu

et al. 2014). Due to negative clinical effects of As con-

tamination to humans warrants urgent issue for mitigation

and sustainable environmental management. Several

physical and chemical techniques have been developed for

mitigation of As pollution from soil and water (Yuan and

Chiang 2007; Fu and Wang 2011). Although the physico-

chemical methods have extensive removal application, the

high cost solid and liquid waste generation from the

remediation process causes unsustainable environment

(Tiwari et al. 2016). Therefore, it is necessary to expand

the remediation process to reduce its effects on ecosystem.

Bioremediation is a promising technology to remove As

from contaminated soil and water, which is cost-effective

and eco-friendly compared to physico-chemical methods

(Govarthanan et al. 2013, 2015a). Microorganisms are

primarily used in the bioremediation to degrade or detoxify

the As into harmless and less toxic forms. Several micro-

bial processes involve the removal of As in soil and water,

including oxidation, reduction, adsorption and microbe-

mediated electron transfer (Diesel et al. 2009; Guo et al.

2015). Generally As is toxic to microorganisms; however,

several microorganisms gain the energy for rapid growth

by metabolizing the As (Oremland and Stolz 2003, 2005).

The As-resistant microorganisms utilize the As derivatives
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as an electron donor and/or electron receptors during the

As detoxification process (Johnson et al. 2003). Several

studies have reported the role of microorganisms in the

transformation of As in aqueous systems (Pepi et al. 2007;

Chang et al. 2008; Lievremont et al. 2009; Mirza et al.

2014).

Microbial detoxification of As mainly occurs in two

ways, such as oxidation and reduction. It has been estab-

lished that the bacteria reduce the As(V) to As(III) inside

the cells through the ars operon mechanism and exclude

As(III) by As(III) efflux pump. However, microbial As(III)

oxidation has been described either as a detoxification

mechanism or energy source for chemolithoauthotrophic

bacteria (Santini et al. 2000). So far most endophytic

bacteria isolated from P. vittata are capable of either As(V)

reduction or As(III) oxidation have been isolated from As

contaminated soil/water (Stolz and Oremland 1999; Stolz

et al. 2002). However, to our knowledge, there is no report

on the endophytic Gram-negative coliform bacterium

Citrobacter sp. isolated from P. vittata grown in non-pol-

luted soil that is able to reduce As(V).

Fern Pteris vittata L. is a native and widespread pale-

otropic As hyperaccumulator, considered the suitable can-

didate plant for the phytoremediation of As-contaminated

soil (Ma et al. 2001). Its rapid growth, large biomass, wide

and extensive root system, as well as a wide geographic

distribution, justify the successful application of As

remediation (Danh et al. 2014). However, the endophytic

bacterial population in the roots of P. vittata from non-

polluted soil has not been reported. Hence, the objectives

of this study were (1) to isolate As-resistant endophytic

bacteria from roots of Pteris vittata (2) to evaluate minimal

inhibitory concentration of As, (3) to screen As transfor-

mation and oxidation and reduction assay, and (4) to

optimize experimental variables, such as pH and temper-

ature for enhanced As removal.

Materials and methods

Isolation of arsenic resistant endophytic bacteria

from Pteris vittata

Healthy Pteris vittata plants were collected from Kolli

Hills, part of the Eastern Ghats of Tamil Nadu, India. The

site is located at 11.2485� latitude and a 78.3387� longitude
ranges about 1000–1300 m in height. The collected Pteris

vittata plant sample was washed with tap water followed

by several rinses with sterile water (Govarthanan et al.

2016). The washed plant was dissected into roots and stems

with a sterile scalpel. The root samples were surface ster-

ilised with 95% ethanol and 3% hypochlorite solution for

2–3 min. The surface sterilised root samples were again

washed several times in sterile water to remove the steril-

ization agents. The sterilised root tissue (1 g fresh weight)

was ground in a mortar and pestle with 5 ml saline (0.85%

NaCl). The saline suspension was serially diluted and

plated using the spread plate technique onto Nutrient Agar

(Hi-Media, India) plates. The plates were incubated at

35 ± 2 �C for 48 h and observed for bacterial growth on

the agar surface. Morphologically distinct colonies were

purified and stored at 4 �C for further studies.

Minimal inhibitory concentration of As

Arsenic tolerance levels of the isolates were assessed by

agar-dilution method according to Kamala-Kannan and

Krishnamurthy (2006). Briefly, the isolates were inoculated

in nutrient agar plates containing different concentrations

of As ranging from 50 to 400 mg/l. The plates were

incubated overnight at 35 �C and observed for bacterial

growth. The lowest concentration of the metal that com-

pletely inhibited the growth of the bacteria was considered

as the minimal inhibitory concentration (MIC). Arsenic

metal salts were added to the nutrient agar after autoclav-

ing and cooling to 50 �C from filter-sterilised stock

solutions.

Screening of arsenic transformation assay

Arsenite to As(V) transforming potential of the isolate was

performed as described by Simeonova et al. (2004).

Briefly, the isolate pre-grown on As(V) and As(III) nutrient

agar plates were flooded with 0.1 M AgNO3. In the pres-

ence As(III) in the medium was detected by a bright yellow

precipitate formation. Negative test was represented by

white colour formation (Tiwari et al. 2016).

Genomic DNA extraction and identification

of As-resistant bacteria

DNA was extracted from the potential isolate RPT using

QIAGEN (CA, USA) DNA extraction kit, and its concen-

tration was determined using a UV–Vis spectrophotometer

(NanoDrop 2000). Fragments of 16S rRNA were amplified

using universal primers 27f (50-AGAGTTTGATCCTGGC
TCAG-30) and 1492r (50-CCCCGTCAATTCATTTGA
GTTT-30). The PCR product was purified using a QIAGEN

PCR purification kit and sequenced using an automated

ABI PRISM 3700 sequencer (USA). The obtained 16S

rRNA sequence was compared against the available

sequence database using BLAST program in NCBI web-

site. The phylogenetic tree was constructed using neigh-

bour-joining distance method by software Mega 6.0.
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Effect of As on bacteria growth

Five millilitres of the mid-log phase cultures (108 cells/mL)

of the isolate grown individually in nutrient broth is sup-

plemented with different concentrations of As

(100–400 mg/l). The flasks were incubated in a shaking

incubator (200 rpm) at 37 �C, and the growth was mea-

sured at different time intervals according to the increase in

optical density at 600 nm in a UV–Vis spectrophotometer

(Shimadzu, Kyoto, Japan). Cultures grown in the absence

of As were used as a control (Govarthanan et al. 2015b).

Amplification of As-resistant genes

The As transporting gene arsC was amplified using the

primers amlt42-F (50-TCG CGT AAT ACG CTG GAG

AT-30), and amlt376-R (50-ACT TTC TCG CCG TCT TCC

TT-30) (Sun et al. 2004). The PCR conditions for the

amplification were initial denaturation at 95 �C for 5 min,

35 cycles at 95 �C for 45 s, 57 �C for 1 min, 72 �C for

2 min and a final extension step of 72 �C for 7 min.

Arsenic oxidizing gene aoxB was amplified using the pri-

mers 69-F (50-TGY ATY GTN GGN TGY GGN TAY MA-

30) and 1374-R (50-TAN CCY TCY TGR TGN CCN CC-

30) (Rhine et al. 2006).

Removal of As at different pH and temperature

conditions

The effect of pH on the removal of As was determined at

various pH levels ranging from 6 to 9. In brief, 10 ml of the

bacterial suspension was aseptically inoculated into 250 ml

Erlenmeyer flasks containing 100 ml of As (initial metal

concentration 50 mg/l). The flasks were incubated in a

shaking incubator (200 rpm) at 37 �C and the samples

were collected after 48 h of incubation. The samples were

centrifuged (10,000 rpm for 5 min), filtered (0.22 lm) and

analysed for the residual heavy metal concentration using

atomic adsorption spectroscopy (AAS) (Thermo Scien-

tificTM iCETM 3500). Similarly, the effect of temperature

was measured by incubating the flasks at different tem-

peratures (30, 35, 37 and 40 �C). Flask without bacteria

was used as a control for this experiment. All the experi-

ments were repeated for three times and each sample was

tested in triplicate.

Results and discussion

The As-resistant mechanism of the endophytic isolate

Citrobacter sp. RPT isolated from roots of P. vittata grown

in unpolluted soil was investigated in this present study. A

total of three morphologically different endophytes were

isolated. The isolated endophytes were further tested for As

resistance by determining its minimal inhibitory concen-

tration. The minimal inhibitory concentration of the As

showed that the isolate RPT exhibited maximum resistance

to As (400 mg/l). The other two isolates showed inade-

quate resistance to the As. Based on the minimal inhibitory

concentration results, the isolate RPT was selected for

further As resistance characterization studies. Morpholog-

ical and 16S rRNA gene sequencing was carried out to

identify the isolate. The 16S rRNA sequence of this strain

showed 99% identity with Citrobacter sp. The partial 16S

rRNA of the isolate RPT was deposited in GenBank (Ac-

cession no.: KX348779). A phylogenetic tree was derived

from the partial 16S rRNA sequences of the isolate

Citrobacter sp. RPT with existing sequences in the NCBI

database, and the results are shown in Fig. 1. Several

studies reported the As resistance mechanism of the

endophytes isolated from P. vittata (Xu et al. 2014, 2016).

However, there is no information about arsenic resistant

endophytic Citrobacter sp. isolated from the roots of P.

vittata.

The isolate RPT was further screened by silver nitrate

assay on LB agar plates. Silver nitrate assay is aimed to

check the As(III) to As(V) and As(V) to As(III) trans-

formation ability of the isolate RPT. The quantitative

reaction between AgNO3 and As(III) or As(V) results in

the formation of coloured precipitates on the LB agar

plates. The reaction between AgNO3 with AsO3 (AsIII)

plates showed that the yellow precipitation on the LB

plates. Whereas, the reaction between AsO4
3- with

AgNO3 showed the brownish precipitation on the surface

of the LB agar plates (Simeonova et al. 2004; Tiwari

et al. 2016). The As transformation assay results indi-

cated that the isolate RPT is able to oxidize As(III) and

reduce As(V). The growth rate of the isolate RPT was

evaluated in LB (1/4 strength) broth supplemented with

different concentrations (100 and 400 mg/l) of As. The

results (Fig. 2) indicate that the growth rate of the strain

RPT decreases with increasing concentrations of As. The

results are in agreement with previous studies reported

the growth rate of As-resistant Herbaspirillum sp.

GW103 was decreased by the increasing concentration

of As in batch experiments (Govarthanan et al. 2015b).

It is suggested that the direct exposure of the strain RPT

to As and limited nutrient availability in the LB broth

might have reduced the growth rate of the organism.

The strain RPT was screened for arsC, aoxB genes

reported in the As oxidizing and reducing bacteria.

Visible arsC band was clearly observed on the agarose

gel surface, which indicates the presence of As trans-

porting (arsenate reductase) in the strain RPT. The

arsenate reductase gene arsC is the most important genes

in association with As(III) oxidation and
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As(V) reduction in soils by microbes (Han et al. 2017).

For most bacteria, arsC-mediated As(V) reduction, fol-

lowed by As(III) efflux to the external environment, is

an important mechanism for As detoxification (Bhat-

tacharjee and Rosen 2007). However, As detoxification

in some bacteria is associated with As(III) oxidation by

converting As(III) to less toxic As(V) (Stolz et al. 2010).

No visible aoxB band was observed on the gel, which

indicates that the strain RPT may harbour another type

of As oxidizing protein or the primers (69-F and 1374-R)

were inappropriate for the amplification of the aoxB

gene present in the strain RPT.

Arsenic removal efficiency of the strain Citrobacter

RPT at different pH levels was assessed and the results are

presented in Fig. 3. The highest rate of As removal (74%)

showed at pH 7.0, whereas the average levels of As

removal showed at pH 5.0 (45.3%), pH 6.0 (50%), pH 8.0

(52%) and pH 9.0 (40%). It has been reported that in acidic

pH, association of hydronium ions with the cell surface

creates reduction of negative charge intensity on the bac-

terial cell wall results in the reduction or inhibition of the

binding of metal ions (Khalid et al. 2011). Fourest et al.

(1994) reported that the functional groups on the bacteria

may become positively charged and may not interact with

the metal ions at acidic pH. The decreased removal rate at

alkaline pH can be attributed to the growth response of the

isolate under pH stress. The limited growth of isolates at

alkaline pH reduces the overall uptake of metals (Guo et al.

2010). The As removal efficiency of Citrobacter sp. RPT

was tested with different temperature conditions, as tem-

perature is an important parameter in biological oxidation

and/or reduction of As, and the results are presented in

Fig. 4. The results showed that the removal of As increased

with increasing temperature up to 37 �C (70.9%), but the

removal efficiency of As decreased slightly at 40 �C
(25.3.9%). The biological removal of metals was highly

influenced by temperature (Zhou et al. 2013). The results

from this study indicated that pH and temperature play a

major role in the survival of and As removal potential of

the Citrobacter sp. RPT. The bioremediation rate of living

metal-resistant bacteria should be strongly dependent on

the population of cells at optimal growth conditions (Guo

et al. 2010).

Fig. 1 A neighbour-joining tree constructed using Mega 6.0 showing

the phylogenetic relationship of 16S rRNA sequence of isolated strain

Citrobacter sp. RPT from closely related sequences from GenBank.

Accession numbers at the GenBank of National Centre for Biotech-

nology Information (NCBI) are shown in parenthesis

Fig. 2 Growth kinetics of Citrobacter sp. RPT using As at different

concentrations (100–400 mg/l)
Fig. 3 Influence of pH on As removal by the isolate Citrobacter sp.

RPT
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Conclusion

The endophytic bacteria Citrobacter sp. RPT isolated

from P. vittata showed a significant resistance to As. The

strain RPT grew in culture media with high As concen-

tration (400 mg/l) under 37 �C at pH 7.0. The strain had

ability to both As(III) oxidation and As(V) reduction.

Bioremediation studies with batch experiments showed

that the isolate RPT caused high removal of As (74%) at

pH 7.0 and (70.9%) at 37 �C. The obtained results sug-

gested that the exogenous endophytic bacteria would

affect the As transformation in As-contaminated systems,

and play a major role in the mitigation of As in the

ecosystem.
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Abstract 

The consumption of bi-substrates (groundnut shell and cassava waste) in order to produce an amylase 
enzyme by Bacillus sp. using solid stated fermentation was carried out by applying Box-Behnken design 
(BBD). Initial pH, incubation time, concentrations of groundnut shell (GNS) and cassava waste (Cw) 
variables were generated for each fermentation conditions of the Bacillus sp. to optimize the amylase 
production. Maximum yield of amylase (866 U/mL) was achieved by Bacillus sp. at the favorable conditions
of the fermentation; 60 h, pH 7.0, 2 g/L GNS and 2 g/L CW. It was revealed that the combination of bi- 
substrates might be used in industries to produce high amount of value added amylase. 

Introduction 

Amylases are a group of hydrolases that can specifically cleave the a-glycosidic linkage in starch. Two 

important groups of amylases are glucoamylase and a-amylase. Glucoamylase (glucan 1,4-a-glucosidase) 
produces single glucose units from non reducing ends of amylose and amylopectin (Anto et al., 2006), 
whereas, a-amylases (4-a-D-glucan glucanohydrolase) are extracellular enzymes that randomly cleave the 
1,4- a-d-glucosidic linkage between adjacent glucose units inside the linear amylose chain (Pandey et al., 
2005, Castro et al., 2010). Amylases are among the most important enzymes in the global market because of 

their potential applications in a number of industrial processes such as food, pharmaceuticals, çOsmetics, 
textile and paper industries (Sahnoun et al., 2015). Althoughiey canke derived from different/squrces, 
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a b s t r a c t

The consumption of bi-substrates (groundnut shell and cassava waste) in order to produce an amylase
enzyme by Bacillus sp. using solid stated fermentation was carried out by applying Box-Behnken design
(BBD). Initial pH, incubation time, concentrations of groundnut shell (GNS) and cassava waste (CW)
variables were generated for each fermentation conditions of the Bacillus sp. to optimize the amylase
production. Maximum yield of amylase (866 U/mL) was achieved by Bacillus sp. at the favorable condi-
tions of the fermentation; 60 h, pH 7.0, 2 g/L GNS and 2 g/L CW. It was revealed that the combination of
bi-substrates might be used in industries to produce high amount of value added amylase.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Amylases are a group of hydrolases that can specifically cleave
the α-glycosidic linkage in starch. Two important groups of amy-
lases are glucoamylase and α-amylase. Glucoamylase (glucan 1,4-
α-glucosidase) produces single glucose units from non reducing
ends of amylose and amylopectin (Anto et al., 2006), whereas, α-
amylases (4-α-D-glucan glucanohydrolase) are extracellular en-
zymes that randomly cleave the 1,4- α-d-glucosidic linkage be-
tween adjacent glucose units inside the linear amylose chain
(Pandey et al., 2005; Castro et al., 2010). Amylases are among the
most important enzymes in the global market because of their
potential applications in a number of industrial processes such as
food, pharmaceuticals, cosmetics, textile and paper industries
(Sahnoun et al., 2015). Although they can be derived from different
sources, including microorganisms, plants and animals, microbial
enzymes generally meet industrial demands (Pandey et al., 2005;

Bozic et al., 2011). Amylase was excellently produced through
microbial fermentation by Bacillus sp. (Benkiar et al., 2013; Anh
et al., 2015).

Solid state fermentation (SSF) gained much interest during the
past recent years and considered as an economical alternative for
enzyme production and application (Pandey et al., 2002; Selvan-
kumar et al., 2010; Govarthanan et al., 2014; Govarthanan et al.,
2015). Response surface methodology (RSM) is a widely accepted
statistical approach for modeling and analysis of problems, in
which a response is influenced by several variables for the pro-
duction of industrially important biomolecules and secondary
metabolites (Govarthanan et al., 2014). BBD is a method applied in
the optimization of medium constituents and other critical vari-
ables responsible for the production of biomolecules (Deepak
et al., 2008; Selvam et al., 2014).

Agro-industrial residues are generally considered for the sui-
table substrates for the production of value-added products (Ro-
sales et al., 2007; Selvankumar et al., 2011). Cassava (Manihot es-
culenta) is a root crop largely grown in tropical countries such as
Asia. Because of its rich starch content, it is used for human con-
sumption, animal feed and starch extraction. It has also contained
the protein, lipid, lignocellulosic fibers and sugars (Teixeira et al.,
2009). The cassava waste (CW) can be biotechnologically
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converted into various value-added products to maximize the ef-
fective utilization (Pandey et al., 2000). Industrial development for
the utilization of CW has been reviewed bioconversion of CW into
protein, biomolecules, organic acids, and food compounds etc.
(Soccol and Vandenberghe, 2003). Groundnut is a crop widely
grown in tropics and subtropical region. It has high oil content.
Groundnuts are the most important cereal in the world market
because of its oily nature. It is used for human consumption, ani-
mal feed and mainly oil extraction. Groundnut shell (GNS) is an
agro industrial waste involving in the production of various value-
added products. So this bi-substrate combination contribute the
synergistic effect should be useful technology for production of
high quantity of amylase.

The aim of the present study is to investigate the enhanced
production of amylase from Bacillus sp. BT MASC 1 under SSF using
inexpensive and abundantly available GNS and CW bi-substrate
combination.

2. Materials and methods

2.1. Isolation and screening of amylase producing bacterium

Soil samples were collected from sago industrial waste disposal
site in Salem, Tamil Nadu, India. The serially diluted soil suspen-
sion (0.1 mL) was plated using the spread-plate technique onto
starch agar (Hi-Media Pvt Ltd, Mumbai, India) composed of (g/L)
peptone, 5.0; meat extract, 3.0; starch, 2.0; and agar, 20.0. The
plates were incubated at 30 °C and observed the clear zone around
the colonies after 24 h.

2.2. 16S rRNA amplification and phylogenetic analysis

Genomic DNA was extracted according to Sambrook and Rus-
sell (2001). The partial 16S rRNA gene was amplified using uni-
versal primers 27f (5′AGAGTTTGATCCTGGCTCAG3′) and 907r (5′
CCCCGTCAATTCATTTGAGTTT3′). The amplicon was purified (QIA-
GEN, CA, USA) and sequencing using ABI PRISM (Model 3700, CA,
and USA). The sequences were compared using BLAST (NCBI) for
the identification of the isolate. Phylogenetic analysis was per-
formed using Neighbor-Joining method in CLC WORKBENCH
6 software (CLC bio, MA, USA).

2.3. Substrate pretreatment

GNS was procured from MPK oil mill at Mallasamudram
(637503), Tamil Nadu, India and CW was collected from local sago
industry located at Vennandur (637505), Tamil Nadu, India. The
substrates (50 g) were soaked individually in 1% NaOH or 1%
H2SO4, solution at the ratio of 1:10 (solid:liquid) for 2 h at room
temperature (Kumar and Wyman, 2009; Irfan et al., 2011; Sindhu
et al., 2011). Alkali and acid pretreated substrates were then wa-
shed with distilled water and neutralized to around pH 7 and base
followed by drying.

2.4. Scanning electron microscopy of the pretreated substrate

Samples of untreated and treated GNS and CW were oven-
dried at 50 °C for 1 h and thick layers were supported in the
sample holder fixed on a carbon ribbon. This assembly was kept in
vacuum-desiccators until the analysis. The SEM Jeol JSM 6390
model was used for observing the GNS and CW fibers in both
treated and untreated samples.

2.5. Solid state fermentation

Five grams of the GNS and CW were put in Erlenmeyer flasks
and moistened (60–70%) with ultrapure purified water. The con-
tents were vigorously mixed, and the flasks were autoclaved at
121 °C for 15 min. After sterilization the flasks were cooled to 50 °C
and inoculated with 3 mL of Bacillus sp. BT MASC 1 isolate carrying
108 cells/mL (0.8 OD at 600 nm) as a seed culture under aseptic
condition. The contents of the flasks were well mixed and in-
cubated at 3671 °C for 96 h.

2.6. Statistical optimization of amylase production

RSM coupled with Box-Behnken design (BBD) was established
using Design Expert software (9.0.0.7 trial version). Four factors,
namely, GNS, CW, pH and incubation time, were optimized for
enhanced amylase production using the isolate Bacillus sp. BT
MASC 1 under SSF. Based on BBD, the factors were analyzed at two
levels: �1, for low level, and þ1, for high level. A total of 29 runs
was performed to optimize the process parameters, and experi-
ments were carried out in accorder to the experimental design
matrix. The results were assessed by applying the coefficient of
determination (R2), analysis of variance (ANOVA) and response
plots. Employing RSM, the most widely used second-order poly-
nomial equation developed to fit the experimental results and
identify the relevant model terms

Σ Σ Σ= + + ( )Y iXi iXi ij XiXjß ß ß ß 10

where Y is the predicted response; ß0, ßi, and ßij are constant
regression coefficients of the model; and Xi and Xj represent in-
dependent variables. The contour and 3D plot was used to un-
derstand the interaction of different factors and to predict opti-
mum conditions for amylase production. The optimal values of the
experimental conditions were obtained by solving the regression
equation and analyzing the response surface plot.

2.7. Extraction of amylase

Amylase was extracted by mixing 50 mL of 0.1 M phosphate
buffer (pH 7) with the whole solid substrate and shake on a rotary
shaker at 250 rpm for 30 min. The buffer containing the enzyme
was separated from the solid substrate through filter paper. The
filtrate was centrifuged at 4000 rpm for 20 min. The clear brown
supernatant was used as the enzyme source for the enzyme assay
analysis.

2.8. Enzyme assay

Amylase activity was determined by the procedure of Bernfeld
using soluble starch as a substrate (Bernfeld, 1955). The reaction
mixture containing 200 μL of 1% substrate (soluble starch) (w/v) in
300 μL 0.1 M phosphate buffer (pH 7) and 150 μL of enzyme so-
lution was incubated at 37 °C for 30 min. The reaction was stopped
by adding 400 μL of 3,5-dinitrosalicylic (DNS) acid solution fol-
lowed by heating in a boiling water bath for 5 min and cooling at
room temperature. Then, distilled water was added until the so-
lution volume was 12 mL. Absorbance of each solution was mea-
sured at 480 nm using a UV-Visible spectrophotometer. The initial
reading was prepared by boiling the enzyme solution first in the
hot water bath for 20 min to denature the enzyme protein
structure.

2.9. Ammonium sulfate precipitation

Ammonium sulfate was added to the crude culture supernatant
to 40% saturation at 4 °C and left over for 2 h. After that, the
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precipitate was recovered by centrifugation at 10,000 rpm for
20 min at 4 °C and dissolved in a minimum volume of 50 mM
phosphate buffer (pH 7.4) and dialyzed overnight against 10 mM
phosphate buffer (Sundararajan et al., 2011).

2.10. Protein determination

Total protein concentration was determined by the method as
described by Lowry et al. (1951). Bovine serum albumin was used
as a standard.

2.11. Effect of pH on enzyme activity and stability

The optimum pH was determined by incubating the assay re-
action mixture in buffers sodium acetate (pH 4 and 5), sodium
phosphate (pH 6 and 7), Tris–HCl (pH 8 and 9), and glycine–NaOH
(pH 10). To determine the stability of enzyme, the enzyme was
pre-incubated in the same buffer systems utilized for enzyme
activity for 60 min at 4 °C. The enzyme activity in the standard
reaction mixture was taken as a control (Samie et al., 2012). The
residual activity was assayed by standard DNS method.

2.12. Effect of temperature on enzyme activity and stability

The activity of enzyme at different temperature was de-
termined by incubating the reaction mixture at a temperature
ranging from 30 to 70 °C in 50 mM phosphate buffer pH 7. Thermal
stability of enzyme was examined by incubating the enzyme at
30–70 °C in 50 mM phosphate buffer pH 7 for 60 min and followed
by determining residual activity under standard assay conditions.
The non-heated enzyme was considered as a control (Samie et al.,
2012). The residual activity was assayed by standard DNS method.

2.13. Software and data analysis

The results of the experimental design were analyzed and in-
terpreted using Design Expert Version 9.0.0.7 trail version (Stat-
Ease Inc., USA) statistical software.

3. Results and discussion

3.1. Isolation, screening and identification of amylase producing bacteria

Soil collected from the CW disposal site was used for the iso-
lation of amylase producing bacteria on starch agar medium.

Totally five different isolates showed amylase activity upon pri-
mary screening using starch agar medium. Only one isolate
showed high amylase activity. The potential isolate was identified
by morphological and 16S rRNA sequencing. BLAST was performed
for obtaining sequences in order to find out homology with the
sequence in GenBank in which 100% similarity was found with
Bacillus cereus strain ZK2 (GenBank:JQ773351.1). The sequence was
deposited in the NCBI nucleotide sequence repository with ac-
cession number KJ438150.1. The phylogenetic tree based on the
16S rRNA sequence comparison indicating the position of strain
Bacillus sp. BT MASC 1 (Fig. 1).

3.2. Characterization of pretreated substrates using SEM

Fig. 2 shows the untreated GNS (A), NaOH-treated GNS (B),
Acid-treated GNS (C) and untreated CW (D), NaOH-treated CW (E),
Acid-treated CW (F). It can be observed that the surface of the
untreated GNS and CW has a layer of substances, mostly composed
of fibers residue (Carta et al., 1999). From Fig. 2(B and E), the alkali
NaOH-treatment eliminated most of the surface substances, which
resulted a smoother morphological surface compare with control
and acid treated substrates. It could be suggested that the de-
tachment of fibers and other substances on the surfaces of sub-
strates using NaOH pre-treatment might have better penetration
of microbes and increase the utilization of the fibers nutrients by
Bacillus sp. BT MASC 1, especially the carbon contents as a major
source of the growth, thus yield higher production of amylase.

3.3. Optimization of amylase production by using BBD

The application of modern statistical models to optimize phy-
sicochemical components of the cultural conditions has been in-
creased in the current industrial biotechnology, because of its
universal applicability and suitability. The BBD was applied to
identify the optimal conditions for the enhanced production of
amylase enzyme. The experimental design is presented in Table 1.
ANOVA of the quadratic regression model (Table 2) exhibits that it
was a highly significant model, as was evident from the Fisher's F-
test with a very high probability value (F value¼28.13). Values of
‘Prob4F’ (0.0001) indicate that the term of the model was sig-
nificant. The Model F-value of 28.13 implies that the model was
significant. There was only a 0.01% chance that a model F-value
could occur due to noise. The predicted R2 (0.8023) and adjusted
R2 (0.9314) values for amylase production were in reasonable
agreement with the value of R2 (0.8023), which is closer to 1.0,
indicating the better fitness of the model in the experimental data.

Fig. 1. 16S rRNA based phylogenetic analysis of Bacillus sp. BT MASC 1. Bootstrap values and scale bar depicting substitution rate per site are indicated. The phylogenetic tree
constructed by the neighbor-joining method showing the position of isolate Bacillus sp. BT MASC 1.

K. Selvam et al. / Biocatalysis and Agricultural Biotechnology 7 (2016) 250–256252

https://www.researchgate.net/publication/232708481_Psychrophilic_-amylase_from_Aeromonas_veronii_NS07_isolated_from_farm_soils?el=1_x_8&enrichId=rgreq-a42353e2c5b2c9195707e8b6afc58221-XXX&enrichSource=Y292ZXJQYWdlOzMwNDYyMTcwMztBUzozODUwMTEyOTIzNjA3MDVAMTQ2ODgwNTI1MzU5Ng==
https://www.researchgate.net/publication/232708481_Psychrophilic_-amylase_from_Aeromonas_veronii_NS07_isolated_from_farm_soils?el=1_x_8&enrichId=rgreq-a42353e2c5b2c9195707e8b6afc58221-XXX&enrichSource=Y292ZXJQYWdlOzMwNDYyMTcwMztBUzozODUwMTEyOTIzNjA3MDVAMTQ2ODgwNTI1MzU5Ng==
https://www.researchgate.net/publication/232708481_Psychrophilic_-amylase_from_Aeromonas_veronii_NS07_isolated_from_farm_soils?el=1_x_8&enrichId=rgreq-a42353e2c5b2c9195707e8b6afc58221-XXX&enrichSource=Y292ZXJQYWdlOzMwNDYyMTcwMztBUzozODUwMTEyOTIzNjA3MDVAMTQ2ODgwNTI1MzU5Ng==
https://www.researchgate.net/publication/47395366_Alkaline_protease_from_Bacillus_cereus_VITSN04_Potential_application_as_a_dehairing_agent?el=1_x_8&enrichId=rgreq-a42353e2c5b2c9195707e8b6afc58221-XXX&enrichSource=Y292ZXJQYWdlOzMwNDYyMTcwMztBUzozODUwMTEyOTIzNjA3MDVAMTQ2ODgwNTI1MzU5Ng==
https://www.researchgate.net/publication/303259786_Protein_measurement_with_the_folin_Phenol_Reagent?el=1_x_8&enrichId=rgreq-a42353e2c5b2c9195707e8b6afc58221-XXX&enrichSource=Y292ZXJQYWdlOzMwNDYyMTcwMztBUzozODUwMTEyOTIzNjA3MDVAMTQ2ODgwNTI1MzU5Ng==


The model for amylase production by SSF, three different tests,
namely, the sequential model sum of squares, lack of fit tests and
model summary statistics were carried out in the present study.

Fig. 2. Scanning Electron Microscopy (SEM) of the substrates (a) Untreated GNS (b) GNS pretreated with NaOH (c) GNS pretreated with H2SO4 (d) Untreated CW (e) CW
pretreated with NaOH (F) CW pretreated with H2SO4.

Table 1
Box–Behnken design for the variables and the experimental observed responses.

Run Groundnut
shell (g)

Cassava
waste (g)

pH Incubation
time (h)

Amylase activ-
ity U/mL

1 2 2 7 60 864
2 3 2 9 60 493
3 2 2 7 60 865
4 1 2 7 96 765
5 2 2 7 60 865
6 2 1 5 60 458
7 2 2 7 60 864
8 3 3 7 60 862
9 2 3 7 24 740
10 1 3 7 60 620
11 3 2 7 24 530
12 3 2 5 60 450
13 2 2 7 60 863
14 3 2 7 96 820
15 2 1 7 96 836
16 1 1 7 60 866
17 2 2 5 96 490
18 2 2 9 24 470
19 2 2 9 96 520
20 2 1 9 60 520
21 2 3 9 60 540
22 1 2 9 60 540
23 2 3 5 60 530
24 2 3 7 96 835
25 2 2 5 24 487
26 1 2 5 60 477
27 3 1 7 60 570
28 1 2 7 24 602
29 2 1 7 24 600

Table 2
Analysis of variance (ANOVA) for the response surface quadratic model.

Source Sum of squares df Mean Square F Value p-value
Prob4F

Model 7.222Eþ005 14 51,583.70 27.83 o0.0001
A- Groundnut
shell

1386.75 1 1386.75 0.75 0.4016

B- Cassava
Waste

7154.08 1 7154.08 3.86 0.0696

C- pH 3040.08 1 3040.08 1.64 0.2211
D-Incubation
Time

58,380.75 1 58,380.75 31.50 o0.0001

AB 68,121.00 1 68,121.00 36.76 o0.0001
AC 100.00 1 100.00 0.054 0.8197
AD 4032.25 1 4032.25 2.18 0.1623
BC 676.00 1 676.00 0.36 0.5555
BD 4970.25 1 4970.25 2.68 0.1238
CD 552.25 1 552.25 0.30 0.5937
A2 56,423.81 1 56,423.81 30.45 o0.0001
B2 13,438.49 1 13,438.49 7.25 0.0175
C2 5.598Eþ005 1 5.598Eþ005 302.06 o0.0001
D2 40,243.38 1 40,243.38 21.72 0.0004
Residual 25,944.97 14 1853.21 – –

Lack of Fit 25,942.17 10 2594.22 3706.02 o0.0001
Pure Error 2.80 4 0.70 – –

Cor Total 7.481Eþ005 28 – – –
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Fig. 3. Contour plots of the combined effects of two variables on amylase production by Bacillus sp. BT MASC 1.
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The contour and 3-D plots a graphical representation was
generated (Fig. 3). The results demonstrate that there was a sig-
nificant relation of GNS, CW, pH and incubation time for amylase
production. The optimum levels of the variables were obtained by
using BBD. The model predicted a maximum amylase activity of
866 U/mL appearing after 60 h cultivation with GNS 2.0 g/L, CW
2.0 g/L of substrates in pH 7. Bhange et al. (2016) reported that the
amylase production was obtained from 4.61 to 27.9 U/mL by SSF
using rape seed cake. However, our results showed high amount of
amylase production with the presence bisubstrate combination.
Predicted model was validated and experiments were conducted
using these optimal conditions. The predicted model values were
in good agreement with the values measured in these experi-
ments, thus mitigating the validity of the response model and the
necessity for optimal conditions. The graphs highlighted the roles
played by the variables in the production of amylase.

The coefficients of the regression equation was calculated and
the following regression equation was obtained.

= − + + + +
− + − − +
− − − − ( )

Y 863.40 12.08A 23.08B 16.17C 70.00D 134.50AB

5.00AC 31.75AD 13.00BC 35.25BD 11.00CD

91.41A 43.66B 294.28C 79.28D 22 2 2 2

where Y stands for amylase activity, A is GNS, B is CW, C is pH, D is
incubation time. A high degree of similarity of experimental values
was observed, thus reflecting the precision and applicability of
RSM to optimize the process for amylase production. Optimization
of fermentation conditions for the production of amylase showed
the progress the rate of production economics and it is also an
attractive technology.

3.4. Effect of pH on enzyme activity and stability

The purified amylase enzyme was subjected to find the optimal
activity conditions. The effect of the pH on the enzyme activity and
stability was shown in Fig. 4. The optimal activity was observed at
pH 7. The enzyme showed 60% of maximal activity between pH
6 and 8. The stability of the partially purified amylase exhibited at
pH 6–8. Bhange et al. (2016) reported that the amylase enzyme
stability level is maximum pH 6–10.

3.5. Effect of temperature on enzyme activity and stability

The effect of the temperature on enzyme activity was shown in
Fig. 5. Although the enzyme was active at temperature range from
30 to 70 °C, the optimum temperature for enzyme activity was
found to be at 40 °C. At least 10% of the activity were detectable at
temperature between 30 and 70 °C. Thermal stability of enzyme
determined at temperature range 30–70 °C. There were still up to
60% activity remaining after pre-incubation for 1 h in all samples.

4. Conclusions

In the present study, we have isolated Bacillus sp. BT MASC
1 from the CW disposal site and investigated the optimal media
components for highest amylase production. Pretreatment of the
substrate plays a pivotal role in enzyme production due to the
increased accessibility of nutrients to the bacteria hindered by a
thick hard layer of substrate. Optimization of process parameters is
a prerequisite to enhance the yield, which is very helpful in large-
scale production. Optimization of the fermentation conditions for
the maximization of amylase production 866 U/mL was achieved
at pH 7, after 60 h incubation with 2 g/L of GNS and 2 g/L of CW.
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Abstract Solanum nigrum, a medicinal plant, tradition-

ally used in treating diabetes mellitus. In this study, we

used the leaf extract of the plant to synthesize silver

nanoparticles (AgNPs), as a proposition to treat alloxan-

induced diabetic rats. The phytosynthesised AgNPs were

analyzed using UV–visible and Fourier transform infra-red

spectroscopy for their functional groups. Transmission

electron microscopy revealed that, the synthesized particles

are found to be 4–25 nm in size. Monodispersed and

spherical nature of synthesized AgNPs were shown by

scanning electron microscope and the presence of Ag in the

AgNPs was confirmed by energy dispersive spectrum. The

phytosynthesised AgNPs were evaluated for its antidiabetic

activity in alloxan-induced diabetic rats. AgNPs-treated

diabetic rats found to be significantly improved the dys-

lipidemic condition as seen in the diabetic control. Fur-

thermore, it also reduced the blood glucose level over the

period of treatment. The improvement in body weight was

also found to be evidence for S. nigrum extract-mediated

AgNPs as a potential antidiabetic agent against alloxan-

induced diabetic rats.

Keywords Diabetes mellitus � Solanum nigrum � Silver

nanoparticles � Alloxan � Animal model

Introduction

Diabetes mellitus (DM) is a group of syndromes charac-

terized by hyperglycemia; altered metabolism of lipids,

carbohydrates, and proteins; and an increased risk of

complications from vascular disease that affects 10 % of

the population [1, 2]. Despite, the availability and exten-

sive utilization of hypoglycemic agents, diabetes and the

related complications continue to be major health con-

cerned worldwide [3]. According to International Diabetic

Federation the estimated diabetes prevalence in 2010 has

risen to 285 million, representing 6.4 % of the world’s

adult population, with a prediction that by 2030, the

number of people with diabetes will have risen to 438

million, with this alarming concern, India has been

declared as the ‘‘Diabetic capital of world’’. Currently 40.9

million people in India suffering from diabetes and by 2030

there would be 79.44 million diabetics in India alone. It is

also estimated that by the year 2030, diabetes is likely to be

the seventh leading cause of death, accounting 3.3 % of

total deaths in the world [4].

Owing to the progressive nature of the disease, an

improved treatment strategy is required, which includes,

the discovery of new drugs [5]. In addition, drug treatment,

is not completely successful with diabetes and there is a

compelling need for better prevention and treatment
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strategies [6]. Nevertheless, traditionally people have been

using many plants to treat diabetes empirically despite the

lack of safety and efficacy [7]. At this juncture, it is nec-

essary to test the herbal medicine as an alternative to

synthetic agent [8].

In the search of new opportunities for treatment of DM,

the current study has focused on the efficacy of S. nigrum.

The plants belong to the Solanaceae family, are considered

as poisonous to human, however, S. nigrum is an edible

plant and possesses antioxidant and hepatoprotective

activity [9]. Furthermore, many parts of this plant are used

as a traditional medicine. Despite, it has been used as an

antidiabetic agent in traditional medicine, it lacks scientific

evidence [10]. In addition, this is the first of its kind

reporting the efficiency of S. nigrum-mediated AgNPS as

an anti-hyperglycemic agent.

Since, the last decade the applications of AgNPs have

been increasing rapidly in various fields. Originally, the

silver metal was used as an anti-microbial agent, later in

the 1990’s it has been used in the medicinal field as silver

colloids to treat various diseases [11]. AgNPs are usually a

cluster of particles ranging between 1 and 100 nm in size

and they exhibit new properties based on their size, dis-

tribution and morphology [12]. Nanoparticles are becom-

ing the focus of intensive research, due to their wide range

of applications in areas such as catalysis, optics, antimi-

crobials, and biomaterial production [13, 14].

Various approaches have been used for the synthesis of

AgNPs. The phytosynthesis approach has many advantages

over chemical, physical, and microbial synthesis [15–18],

as there is no need of the elaborated process of culturing

and maintaining the cell, hazardous chemicals and high-

energy requirements.

In the present study, we have characterized the S.

nigrum leaf extract-mediated AgNPs and assessed it, as an

antidiabetic agent in alloxan-induced diabetic rat model.

Materials and methods

Collection of plants

The S. nigrum plant material was collected from Erode

District, Tamil Nadu, India and authenticated by Dr.

S. ArunPrakash, Department of Botany, Government Arts

College, Namakkal, Tamil Nadu, India.

Preparation of aqueous extract

The leaves of the plants collected were washed and air

dried in shade at room temperature for 7 days. The air

dried plants were pulverized in an electric grinder and

sieved using mesh to obtain uniform size for further study.

The extraction process was carried out with the help of

Soxhlet apparatus. Fifteen grams of dry powder were

subjected to soxhlet extraction with 300 mL methanol, the

extraction was repeated up to 10 cycles at 45 �C to ensure

the complete recovery.

Synthesis of AgNPs

AgNPs synthesis was carried out according to Aravinthan

et al. [19]. Briefly, 4 mL of the aqueous extract was mixed

with 96 mL of 1 mM AgNO3 solution and the resulting

greenish white mixture was incubated for 8 h in a rotary

shaker (200 rpm) at 26 �C. Reduction of Ag? ions to Ag

nanocrystals was monitored by a change in color of the

reaction mixture from greenish white to dark brown [19].

Characterization of AgNPs

Surface Plasmon resonance (SPR) bands of the synthesized

AgNPs were characterized using UV–Vis spectroscopy

(Shimadzu UV-2450) in the range of 200–600 nm. Mor-

phological analysis and the crystalline nature of the parti-

cles were investigated by transmission electron microscopy

(TEM) using FEI Tecnai TF 20 high-resolution TEM

instrument operated at an accelerating voltage of 200 kV

[20]. The characterization of the synthesized AgNPs was

conducted with X-ray diffractometer (XPERT-Pro

diffractometer using Cu Ka radiation), operated at 2h from

30 to 80� at 0.041�/min with a time constant of 2 s. AgNPs

synthesis and the elemental composition were further

confirmed by SEM–EDS (SEM–EDS; JEOL-64000,

Japan). The chemical characterization of changes in the

surface and surface composition was performed by Fourier

transform infrared spectroscopy (Shimadzu) within the mid

IR region of frequency 4000–400 cm-1 [19].

Induction of diabetes

Diabetes was induced in male Wistar albino rats aged more

than 8 weeks (140–160 g body weight) by single

intraperitoneal administration of alloxan (single dose of

200 mg/kg body weight). Within 48 h after alloxan

administration, blood glucose concentrations were mea-

sured via tail clip sampling. Animals with a blood glucose

concentration 200 mg/dL were considered to be diabetic

[21].

Toxicity assessment in rat

Acute toxicity test on AgNPs was performed in experi-

mental rats with a graded dose levels of AgNPs (10 and

20 mg/kg body weight) [22]. The rats were observed

continuously for 2 h for behavioral, neurological and
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autonomic profiles and after a period of 24 and 72 h for any

lethality or death. Further experiments were carried out

using 10 mg/kg body weight AgNPs.

Experimental design

The animals were divided into five groups and each group

consisted of 5 rats. Group I: Untreated normal rats; (Nor-

mal control, received only distilled water) Group II: Dia-

betic control, alloxan 200 mg/kg single dose, received no

treatment; Group III: Diabetic rats, received glibenclamide

0.5 mg/kg for 21 days; Group IV: Diabetic rats, received S.

nigrum Methanol extract 10 mg/kg for 21 days; Group V:

Diabetic rats, received phytosynthesised AgNPs 10 mg/kg

for 21 days.

Oral glucose tolerance test

The oral glucose tolerance test was performed after

21 days administration of AgNPs and plant extract to the

respective groups. The rats were fasted overnight, and 2 g/

kg glucose was administered orally and the blood was

collected from the tail vein prior and the post administra-

tion of glucose at 0,30,60,90, and 120 min and fasting

blood glucose level was measured using a glucometer

(Accu-Chek, Roche Diagnostic, Manheim, Germany).

Biochemical analysis

Blood samples were collected by retro orbital puncture and

centrifuged at 10009g for 15 min and the collected serum

was stored at -80 �C until analysis. Total cholesterol and

Triglycerides were estimated using (Biovision, Milpitas,

CA, USA) kit as manufacture’s instruction.

Statistical analysis

All the data were expressed as mean ± SD, and the sta-

tistical significance between the groups was analyzed using

one-way ANOVA followed by Tukey’s post hoc test. If

P B 0.05 were considered significant.

Results and discussion

Synthesis and characterization of AgNPs

The S. nigrum leaf extract was mixed in the aqueous

solution of the silver ion complex, and became yellowish

brown due to the reduction of silver ion, indicating the

completion of the reaction. Similar changes in color have

also been reported earlier [23, 24]. The AgNps exhibit

yellowish brown color in aqueous solution owing to exci-

tation of surface plasmon vibrations in AgNPs [25, 26].

The plant leaf extract known to posses many active com-

pounds such as, sugar [27] caffeine and theophylline [28]

and antioxidants [29] are reported to involve in the for-

mation of AgNPs. As S. nigrum also contains high

antioxidants, we speculate this AgNPs formation due to the

presence of high amount of antioxidants in the extract [9].

The Fig. 1a represents the absorbance spectrum of AgNPs

formed at various times (0, 2, 4, 6 h) and the maximum

absorption peak was observed in the range of 370–420 nm.

It is reported that the absorption spectrum of spherical

AgNPs present at 420 nm, and maximum absorption peak

shift towards the blue region directly correlates with

smaller particle size, and providing the clue for the size of

the synthesized nanoparticle in the range of B25 nm [30].

Figure 1b shows a representative TEM image of phy-

tosynthesized AgNPs. The AgNPs were seen to be spher-

ical and monodispersed with the size range of 4–25 nm.

This result is well agreed with the UV–Vis spectra result, in

which the maximum peak shifts towards the blue region (k

Fig. 1 a UV–visible spectrum of green synthesized AgNPs at

different time intervals, showed peak at 420 nm. b TEM image of

AgNPs
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Fig. 2 a X-ray diffraction for

crystalline nature of S. nigrum

leaf extract-mediated silver

nanoparticles. b SEM EDX

spectrum of AgNPs, after

formation of AgNPs with

different X-ray emission peaks

labeled

Fig. 3 FTIR spectrum of

phytosynthesized AgNPs
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max at 420 nm), and providing the direct evidence for size

[30].

The crystalline nature of the silver nanoparticles of S.

nigrum, the XRD analysis was undertaken, Fig. 2a

revealing six peaks at degree (2h) 10.00, 11.51, 12.00,

27.75, 32.15, and 45.94 corresponding to six diffraction

facets of silver. The broadening of X-ray peaks observed

can be attributed to the organic content of leaf extract.

Analysis of AgNPs through Energy dispersive X-ray

(EDX) spectrometers confirmed the presence of elemental

silver signal at 3 keV along (Fig. 2b) with other weak

signals corresponding to oxygen and carbon, which could

have essentially derived from the plant extract and con-

sistent with previous studies [31, 32]. FTIR measurement

was carried out to identify the possible biomolecules in S.

nigrum leaf extract responsible for capping leading to

efficient stabilization of the silver nanoparticles (Fig. 3).

The IR spectrum of silver nanoparticles manifests promi-

nent absorption bands located at 3282, 2926, 2357, 1670,

1523, 1240, 1064, 667, and 422.41 cm-1. The bands seen

Fig. 4 a Effect of oral

administration of S. nigrum leaf

extract and AgNPs at a dose of

10 mg/kg, in Blood glucose

level of alloxan-induced

diabetic rats before and after

treatment. Each column

represents mean ± SD for five

rats. *P\ 0.05; **P\ 0.01;

***P\ 0.001 different from

diabetic control. b Effect of S.

nigrum leaf extract and AgNPs

in oral glucose tolerance test

after 21 days of treatment. Each

column represents mean ± SD

(n = 5). All the values were

found to be statistically

significant compared to diabetic

control at *P\ 0.05
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in 3282 and 2926 cm-1 represent the stretching vibrations

of primary and secondary amines, respectively. The peak at

2357 could be attributed to H bonded OH stretching of a

secondary metabolites present in the extract which might

act as a reducing agent to synthesize AgNPs [33].

The antidiabetic activity of phytosynthesized AgNPs

An acute toxicity study revealed the non-toxic nature of the

methanolic extract and green synthesized AgNPs. The rats

treated with different doses of S. nigrum did not show any

drug-induced physical signs of toxicity during the whole

experimental period, and no deaths were observed. Based

on the acute toxicity studies, with a varying concentration

(10, 20 mg/kg) of AgNPs, 10 mg/kg body weight was fixed

as an optimal concentration, and thus used in the treatment

of alloxan-induced diabetic rats.

The blood glucose level of each group has been esti-

mated during the course of treatment (Fig. 4a), to evaluate

anti-hyperglycemic effect of plant extract and phytosyn-

thesized AgNPs. At 14 and 21 days the treated groups

(extract/AgNPs) pronouncedly decrease the blood glucose

level compared to that of diabetic control (Group II).

AgNPs were shown to have reduced blood glucose level

higher than plant extract alone. On the other hand gliben-

clamide-treated groups significantly reduced the blood

glucose level throughout the period of treatment compared

to group II, IV and V.

The glucose tolerance level of S. nigrum leaf extract-

mediated AgNPs-treated group was evaluated in diabetic

rats (Fig. 4b), by estimating its efficacy in reducing

hyperglycemic condition in blood followed an adminis-

tration of glucose orally, and compared it with standard

drug (Glibenclamide 0.5 mg/kg). The phytosynthesized

AgNPs-treated animals shown to have a significant

improvement in lowering blood glucose compared to

Group II. Among the treated groups the efficiency of

compounds in lowering the blood glucose level over a

period of 2 h has followed with an order, group III[ group

V[ group IV. Phytosynthesized AgNPs treatment is

shown to improve the blood glucose level which is com-

parable to glibenclamide-treated groups. Alloxan-induced

diabetic rat model has been widely used in several studies

[34, 35]. In addition, the mode of action of alloxan is well

documented [36]. In the treatment of diabetes, blood glu-

cose concentration is considered as a routine and major

biochemical marker to monitor the improvement in the

disease condition, the results obtained for blood glucose

concentration of treated groups showed a smaller total area

Fig. 5 Effect of methanolic extract of S. nigrum and AgNPs on body

weight before and after treatment. Each column represents

mean ± SD (n = 5). All the values were found to be significant

when compared to diabetic control at *P\ 0.05

Fig. 6 a Effect of oral administration of methanolic extract of S. nigrum and AgNPs on serum cholesterol. b Triglycerides level before and after

treatment. All the values were found to be significant with diabetic control at *P\ 0.05; **P\ 0.01; ***P\ 0.001
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under the curve which is significantly lesser than the dia-

betic control group, and these findings are in accordance

with previous research [36]. Figure 5 demonstrates the

level of changes in body weight of experimental rats at

before and after treatment. Weight loss is one of the major

syndrome associated with diabetes, probably due to muscle

wasting [37]. In our study the diabetic-induced rat group

(Group II) showed significant weight loss (Fig. 5) Com-

pared to group I (Normal control). The total cholesterol

(TC) and triglycerides (TG) levels were also elevated in

diabetic rats (Fig. 6a, b). It is well documented that DM

tends to reduce body weight as a result of increased muscle

wasting, dehydration, and fat catabolism. Whereas, the

treatment with plant extract as well as phytosynthesized

AgNPs significantly improved the body weight loss. The

TC and TG levels were retrieved comparable to normal

group over a period of 21 days administration of AgNPs,

the mechanism of preventing the muscle loss could prob-

ably attribute to reversal of antagonism [38].

Conclusion

In this present study, AgNPs were rapidly synthesized

using aqueous leaf extract of S. nigrum as a bio-reductant.

The efficacy of phytosynthesized AgNPs as an anti-hy-

perlipidemic agent has been evaluated. This study revealed

that the AgNPs are found to be safe and environmentally

friendly, hence, these AgNPs can be considered in treating

diabetes associated syndrome.
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Cytotoxic effect of Moringa oleifera seed ethanolic extract on 
human hepatocellular carcinoma cells (HepG2)
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ABSTRACT

In this study we evaluate the Ethanolic extract of Moringa oleifera seed were screened in vitro cytotoxicity effects and reduced 
glutathione (GSH) levels on HepG2 cell lines. The cytotoxic effects were assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay; however, the HepG2 cells were treated with ethanolic extract of M. oleifera seed at various concentrations (100, 
200, 300, 400, and 500 µg/mL) and incubated for 24 h, 48 h, and 72 h, respectively. Furthermore, reduced GSH levels were determined by 
spectrophotometry. The cytotoxic effects assessed by MTT assay indicated that the ethanolic extract of M. oleifera seed exhibited a significant 
cytotoxic effect as well as depletion of GSH content was observed in HepG2 cells. Further, from the results, we observed M. oleifera seed 
extract to treat various cancer cell lines.
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INTRODUCTION

Natural products are known to play an important role in both 
drug discovery and chemical biology. In fact, many of the 
current drugs are made up of either naturally or chemically 
occurring molecules which have structures that are fully or 
partly derived from natural motifs. Natural antimicrobials 
can be derived from barks, stems, leaves, flowers, and fruits 
of plants, various animal tissues, or microorganisms (Nair and 
Chanda, 2007). Although some therapeutic benefits can be 
traced to specific plant compounds, many herbs contain dozens 
of active constituents, which together coalesce to give the 
plant its therapeutic values. Infectious diseases are the leading 
cause of death throughout the world. Antibiotic resistance has 
become a global concern. The clinical effectiveness of many 
existing antibiotics is being threatened by the emergence of 
multidrug-resistant pathogen. Many infectious diseases have 
been known to be treated with herbal remedies throughout 
the history of mankind. Natural products, either as pure 
compounds or as standardized plant extracts, provide unlimited 
opportunities for new drug leads because of the unmatched 

availability of chemical diversity (Cos et al., 2006). There is 
an incessant and urgent need to discover new antimicrobial 
compounds with diverse chemical structures and novel 
mechanisms of action for new and re-emerging infectious 
diseases. Therefore, researchers are increasingly turning their 
attention to folk medicine, looking for new leads to develop 
better drugs against microbial infections. The escalating failure 
of chemotherapeutics and antibiotic resistance exhibited by 
pathogenic microbial infectious agents has led to the screening 
of several medicinal plants for their potential antimicrobial 
activity (Cotter et al., 2013).

India is a varietal emporium of medicinal plants and is one 
of the richest countries in the world in regard to genetic 
resources of medicinal plants. It exhibits a wide range in 
topography and climate, which has a bearing its vegetation 
and floristic composition. Moreover, the agro-climatic 
conditions are conducive for introducing and domesticating 
new exotic plant varieties (Chanda and Kaneria, 2011). In 
recent years, secondary plant metabolites (phytochemicals), 
previously with unknown pharmacological activities, have 
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been comprehensively investigated as a source of medicinal 
agents (Cragg and Newman, 2013). Thus, it is anticipated that 
phytochemicals with adequate antibacterial efficiency will be 
used for the treatment of bacterial infections. The potential 
for developing antimicrobials from higher plants appears 
rewarding as it will lead to the development of a phytomedicine 
to act against microbes (Hussain and Gorsi, 2004).

Any part of the plant may contain active components, for 
example, the roots of the ginseng plant contain saponins 
and essential oils, while eucalyptus leaves are harvested for 
essential oils and tannins (Woolf, 2003). Considering the 
aforementioned, it is assumed that the need of the hour is 
to search for new antimicrobials and antioxidants with this 
in mind; in this present work, the seed of Moringa oleifera 
is screened for their potential antioxidant and antimicrobial 
activity, where there is a paucity of information regarding its 
antioxidant potential and antimicrobial efficacy. Ahmed et al. 
(2015) suggested that seed essential oil from M. oleifera has 
potent cytotoxic activities against different cancer cell lines 
(HeLa, HepG2, MCF-7, CACO-2, and L929). Furthermore, the 
extracted phytochemicals from M. oleifera seeds, fractionated 
ethanolic extract, and cytotoxicity of the extracts and fractions 
on MCF7 and MCF 10A were showed that HFCEE (IC50 = 
130 µg/ml) has antiproliferative effect on MCF7 breast cancer 
cell with insignificant cytotoxicity to MCF 10A normal breast 
cell (Adebayoa et al., 2017).

M. oleifera parts are being employed for the treatment of different 
ailments in the indigenous system of medicine, particularly in 
South Asia (Anwar et. al., 2007). In addition, M. oleifera seeds 
possess water purifying powers by flocculating Gram-positive 
and Gram-negative bacterial cells (Kawo et al., 2009). M. oleifera 
seeds can also be used as a less expensive bioabsorbent for the 
removal of heavy metals (Sharma et al., 2006).

Precise components used for Moringa oleifera preparations 
are hypotensive, anticancerous and others including 
4-(4’-O-acetyl-α-L-rhamnopyranosyloxy)benzyl isothiocy-
anate (Abrams et al., 1993), 4-(α-L-rhamnopyranosyloxy) 
benzyl isothiocy-anate. Abuye et. al., (1999), pterygospermin 
(Anderson et al., 1986), benzyl isothiocyanate (Anwar et al., 
2003), and 4-(α-L-rhamnopyranosyloxy) benzyl glucosinolate 
(Asres, 1995). While these compounds are comparatively 
unique to the Moringa family, it is also rich in a quantity 
of vitamins and minerals as well as other more commonly 
predictable phytochemicals such as the carotenoids (including 
β-carotene or pro-Vitamin A). The seeds of M. oleifera can be 
consumed fresh, pounded, roasted, or pressed into sweet, non-
desiccating oil. The aqueous extract of mature seeds is effective 
in clarifying turbid and wastewater in tropical countries (Jahn, 
1998). The seeds of this plant are one of the best natural 
coagulants that have been discovered so far and the crushed 
seeds are viable replacement for synthetic coagulants (Kalogo 

et al., 2000). Moringa seeds are obtainable locally at a fraction 
of the cost of alum in many countries; they are simple to use and 
cheap to maintain (Jahn, 1998; Ndabigengesere and Narasiah, 
1998). They have been used in the treatment of hard water, 
and the efficiency of M. oleifera seeds in hardness removal 
increases with increasing dosing (Muyibi and Evison, 1995).

Therefore, this study sought to investigate the in vitro 
antioxidant and cytotoxicity properties of ethanolic extract of 
M. oleifera seed.

MATERIALS AND METHODS

Chemicals
Dulbecco’s modified eagle medium (DMEM) F-12 
HAM nutrient medium, sodium bicarbonate, and trypsin-
ethylenediaminetetraacetic acid (EDTA) were purchased from 
Biochrome, Germany, and antibiotic/antimycotic solution 
and fetal bovine serum (FBS) were purchased from GIBCO, 
Invitrogen, USA. All other chemicals including solvents 
were of high purity and analytical grade marketed by Glaxo 
Laboratories, Mumbai, and Sisco Research Laboratories Pvt., 
Ltd., Mumbai, India.

Cell Culture Reagents
DMEM F-12 HAM nutrient medium
15.6 g DMEM and 1.5 g sodium bicarbonate were dissolved 
in 900 ml of sterile Milli Q water. To this solution, 10 ml of 
antibiotic-antimycotic solution were added, pH was adjusted 
to 7.4 using NaOH, and final volume was made up to 1 L with 
Milli Q water. Then, the medium was sterile filtered (using 
0.22 micron) and stored at 4°C.

Growth medium (DMEM F-12 HAM with 10% FBS)
100 ml of growth medium was prepared by adding 10 ml FBS 
in 90 ml (DMEM) F-12 HAM and stored in a sterile container 
at 4°C.

Phosphate buffer saline (PBS pH 7.4)
0.63 g of sodium phosphate monobasic (NaH2PO4) and 4.5 g 
of sodium chloride (NaCl) were dissolved in 500 ml of sterile 
Milli Q water, and pH was adjusted to 7.4 with NaOH, sterile 
filtered (0.22 micron), and stored in refrigerator.

Hanks’ balanced salt solution (HBSS)
9.8 g of HBSS and 350 mg of sodium bicarbonate were dissolved 
in 900 ml of sterile Milli Q water. To this solution, 5 ml of 
antibiotic-antimycotic solution was added and the final volume 
was made up to 1 L with Milli Q water. Then, the medium was 
sterile filtered (using 0.22 micron) and stored at 4°C.

Cell Culture
Human HepG2 cells were procured from the National Centre 
for Cell Sciences, Pune. The cells were grown in T-75 culture 
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flasks containing DMEM F-12 HAM supplemented with 
10% FBS.

Passaging the Cells
On reaching confluence, the medium from T-75 culture flask 
was aspirated, rinsed with 2 ml of HBSS, and aspirated 
quickly; then, 5 ml of trypsin-EDTA solution was added 
and kept at room temperature (in the laminar hood) for 40 s. 
Then, trypsin-EDTA solution was aspirated quickly and the 
flask was kept at 37°C in CO2 incubator for 3 min and tapped 
gently over the flask for complete detachment of cells from the 
surface of the flask. The cells were then gently resuspended 
in fresh growth medium and transferred to sterile T-75 flasks, 
and the volume of the medium was made up to 10 ml with 
growth medium.

Cell Viability Assay
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) method was performed as described by 
Cardile et al. (2004). The viability of the cells was assessed 
by MTT assay, which is based on the reduction of MTT by 
the mitochondrial dehydrogenase of intact cells to a purple 
formazan product. Cells were seeded in 96-well microplates 
(1 × 104 cells/well in 180 µl medium) and routinely cultured 
in a humidified incubator at 37°C in 5% CO2 for 24 h. 
M. oleifera seed ethanolic extract was added in serial 
concentrations such as 100, 200, 300, 400, and 500 µg and 
incubated for 24 h. Then, the medium was discarded and 
30 µl of MTT dye solution (0.5 mg/ml in PBS) was added 
to every well and re-incubated for 4 h. After removing 
untransformed MTT reagent, 100 µl of DMSO was added to 
dissolve the formed formazan crystals. Amount of formazan 
was determined by measuring the absorbance at 540 nm 
using an ELISA plate reader.

Estimation of Glutathione (GSH)
Reduced GSH was determined by the method of Moron et al. 
(1979). 5% TCA was added to HepG2 cell lines (1 × 106 cells). 
The precipitate was removed by centrifugation. To an aliquot 
of the supernatant, 2 ml of DTNB was added to make a final 
volume to 3 ml. The absorbance was read at 412 nm against 
a blank containing TCA instead of sample. Aliquots of the 
standard solution were treated similarly. The amount of GSH 
was expressed as n moles/1 × 106 cells.

Statistical Analysis
Experimental results were mean±SD of three parallel 
measurements. Analysis of variance was performed by ANOVA 
procedures (SPSS 9.0 for Windows). Significant differences 
between means were determined by Duncan’s Multiple Range 
tests. P > 0.05 was considered as statistically significant and 
P > 0.01 very significant.

RESULTS

MTT Assay
The cytotoxic effect of M. oleifera seed ethanolic extract 
on HepG2 cells was performed by the MTT method, which 
is reliable to detect the proliferation of cells. The results of 
the MTT assay are presented in Figure 1. The results clearly 
confirm that the exposure of M. oleifera seed ethanolic extract 
at different concentrations such as 100, 200, 300, 400, and 
500 µg/ml for 24, 48, and 72 h resulted in a decrease of cell 
proliferation in a dose-dependent manner.

There is an extreme decrease in HepG2 cell proliferation which 
was observed at 226 µg and 354 µg, respectively. It exhibits 
47.3% reduced cell viability at 354 µg, and the viability of cell 
was decreased more than 52% (cell proliferation) at 226 µg. 
All the measurements were repeated at least 3 times.

Figure 1: (a-c) Effect of Moringa oleifera seed extract on cytotoxicity of HepG2 cells. Values are expressed as mean ± SD. *P < 0.05
c

ba



Tamilmani, et al.: Cytotoxic effect of Moringa oleifera seed ethanolic extract on human hepatocellular carcinoma cells (HepG2)

 Available at www.aujpb.com 70

Reduced GSH Content
The levels of GSH content in control and M. oleifera seed 
ethanolic extract-treated HepG2 cells were determined, and 
the results are presented in Figure 2. From the present study, 
it is inferred that a significant (P < 0.001) depletion of GSH 
content was observed in M. oleifera seed ethanolic extract 
treated at the concentration of 226 and354 μg when compared 
to the control cells are represented in Figure 3.

DISCUSSION

In vitro cytotoxicity was measured by two methods, i.e. MTT 
assay which detected the level of succinate dehydrogenase 
within the mitochondria and the lactate dehydrogenase (LDH) 
assay which determined the release of LDH as an indicator 
of cell membrane damage (Senthilkumar et al., 2010). In the 
present investigation, the cytotoxic effects of M. oleifera 
seed extract on HepG2 cells were tested by the MTT method, 
which is reliable to detect the proliferation of cells. MTT 
assay is a non-radioactive, fast, and economical assay widely 
used to quantify cell viability and proliferation. MTT is a 
yellow water-soluble tetrazolium salt. Metabolically active 
cells are able to convert the dye to water-insoluble dark blue 
formazan by reductive cleavage of the tetrazolium ring. The 
reduction of MTT is proportional to the number of active 
mitochondria in the live cells (Prasanna et al., 2009). From 
the present study, the percentage of inhibition was reduced 

periodically in M. oleifera seed extract-treated cells. M. 
oleifera seed extract inhibits above 50% of the cell population 
at the concentration of 226 μg for 72 h in HepG2 cells. This 
clearly indicated that M. oleifera seed extract strongly inhibits 
the HepG2 cells in culture and exhibits its cytotoxic nature. 
The cytotoxic property of the extract may be due to the 
antioxidant activities of the phenolics the samples contain. 
Our observations are consistent with several past works that 
have linked the antioxidant activities of phenolic compounds 
to their antiproliferative effects on various cancer cells (Diogo 
et al., 2009; Goel et al., 2008; Sa et al., 2010; Saeidnia and 
Abdollahi, 2013). Recently, Adebayoa et al. (2017) reported 
that the cytotoxic potential of Moringa oleifera seed extract in 
MCF-7 cells through inhibiting the cell concentration by dose 
dependent manner.

Involvement of intracellular redox status as a key mediator 
of apoptosis has been well established in many cancer cell 
lines. Reduced GSH, most abundant cellular thiol and the 
major determinant of cellular redox equilibrium, has been 
shown to be an important factor in apoptosis. GSH contributes 
to an extraordinary range of metabolic process including 
the maintenance of intracellular redox status and plays an 
important role in the detoxification of intracellular H2O2, 
lipid peroxides, and also in the metabolism of exogenously 
derived compounds, mutagens, and carcinogens. Depletion 
of intracellular GSH renders the cancer cells more sensitive 
to apoptotic agents.

Nandakumar et al. (2011) are of the opinion that the inhibition 
of GSH synthesis or modulation of GSH storages in tumors 
to reduce anticancer drugs resistance may comprise a novel 
anticancer strategy. The GSH levels were significantly lower 
when compared to control cells. Cellular GSH plays an 
important role in protection against oxidative stress-induced 
injury. Depletion of GSH levels has been shown to enhance 
th susceptibility to oxidative stress-induced cytotoxicity. This 
result was consistent with M. oleifera leaf extracts (Luqman 
et al., 2011). The depletion of endogenous GSH sensitized the 
cells to M. oleifera seed ethanolic extract treatment and thereby 
increased the apoptotic cells, thus suggesting inactivation by 
the formation of GSH conjugate.

CONCLUSION

With the evidence of antibacterial and antifungal activities of 
the extracts of preparations under study, it can be rationally 
suggested that further work needs to be done to identify the 
chemical natures of the active principles as well as their modes 
of actions on bacterial cells and their roles in diseases curing. 
The MTT and GSH assays clearly confirmed that the cytotoxic 
effect and reduction of active species in HepG2 cells. The 
preliminary finding reveals that the M. oleifera seed extract has 
potential free radical scavengers which show its antioxidant 

Figure 2: The levels of glutathione in control and Moringa oleifera 
seed extract-treated HepG2 cells. Human HepG2 were incubated 
for 24 h with Moringa oleifera seed extract. Values are expressed 
as mean ± SD; n = 6. HepG2: a226 µg of M. oleifera seed extract 

compared with control, b354 µg of M. oleifera seed extract 
compared with control *P < 0.05

Figure 3: The morphology of HepG2 cells under phase contrast, 
after 48 h incubation. Arrows indicate rounded and detaching cells
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nature of the extracts. Further studies are needed with these 
plants under study to characterize and elucidate the structure 
of the bioactive compounds of these plants for industrial drug 
formulation and to purify proteins from these plants which may 
act as a drug for the treatment of various diseases.
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Abstract 
A ncw Sechiff base mixed ligand metal complexes were synthesized with the Schiff 

base derived from 1H-indole-2.3-dione. 2-(2-aminophenyl)benzimidazole and 5-amino-3- 

methyl-1-phenyl-1H-pyrazole. The isolated Schiff base complexes were formulated as 
mononuclear species on the basis of analytical data. molar conductance, IR, Far-IR, "H- 
NMR. eyclic voltammetry. UV spectra and ESR studies. The empirical formula calculat ion of 
the complex compounds indicated the formula [ML'L-X;] for Cu(II), Ni(II) & Co(II) Schiff 
base mixed ligand complexes. The conductivity data for all the complexes are reliable with 
those expected for non-clectrolyte. The infrared spectral data shows the coordination site that 
is via C=N and C=O groups of the mentioned ligands. The electronic and ESR spectral data 
proposed the octahedral geometry for the prepared chelates. The redox potential of ligands 
and its complexes were analysed by electrochemical method using cyclic voltammetry. The 
DNA cleavage interactions for prepared chelates were additionally examined and results
demonstrate that cleavage viability increased in the chelates comparative with the parental 
ligand. Apart from these studies, the mixed ligand and its complexes were additionally tried 
for their ant imicrobial action and cytotoxic impact against human breast cancer (MCF7) cell 
line. 

Keywords: Schiff base, Isatin, 2-(2-aminophenyl)benzimidazole, 5-amino-3-methyl-1- 
phenyl-1H-pyrazole, Antimicrobial, Cytotoxicity and DNA cleavage 
Introduction 

Schiff bases are significant classes of ligands that coordinate with metal ion throughazomethine nitrogen atom [1] and have attracted many researchers to synthesize metal based 
drugs due to their facile synthesis and wide range of applications including antifungal, antibacterial, anticancer, anti-HIV, antitumor, anticonvulsant, antiviral and catalytic fields [2-S]. The field of mixed ligand complexes was fast emerging account of the wide assortment ot 
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potential struetures for theligands reliant upon the aldehydes and amines [6]. The study of 

mixed ligand complexes formation is pertinent in the field of analytical chemistry, where the 

utilization of mixed ligand chelates permits the advancement of techniques with improved 
sclectivity. sensitivity and has incredible signilficance in the field of biological and 

environmental chemistry [7]. 

Isatin possess an indole ring structure, it is a flexible lead molecule common to many 

pharmaceuticals and heterocyclic natural products of biological interest [8]. The chemical 

versatility of Isatin motivated the prevalent use of this compound in biological synthesis [9]. 

A lot of work has been done on the synthesis of compound using substituted isat in and 

pyrazole moieties. Literature survey exposed that isatin possesses diverse chemotherapeutic 

activities. such as ant icancer, antifungal, antiviral, anti-HIV, anti-mycobacterial, antibacterial, 
anti-inflammatory and anticonvulsant [10-14]. 

In view of the above findings, our present work was to synthesis and characterizes a 

Schiff base ligand derived from condensation of Isatin, 2-(2-aminophenyl)benzimidazole, 5- 

amino-3-methyl-1phenyl-1Hpyrazole and its metal(11) complexes. The main target of the
present article is to examine their antimicrobial activity, cytotoxicity and DNA cleavage of 

Schiff base mixed ligand complexes. 
Experimental protocols 

All the reagents were Aldrich products and were used as supplied. IR spectra were 

recorded on Thermo Nicolet (Avatar 370 model) instrument in the range of 4000-200 cm- 
using KBr discs. Electronic spectra were obtained with a Perkin-Elmer Lambda 40(UV-Vis) 
spectrophotometer using DMF in the range of 200-800 nm. The molar conductance 

measurements were carried out at room temperature using Elico model conductivity meter. 

The ESR spectra of powder samples were recorded by means of E-112 ESR Spectrometer, X- 
band spectrometer (9.1 GHz) with 100 KHZ modulation frequency. 'H NMR signals were 

obtained from Bruker Avance II1, 400MHz model spectrometer. The Redox nature of the 
complex in DMF was measured using CHI -760 Electrochemical Analyzer. 

Synthesis of (E)-3-((2-(1H-benzo|djimidazol-2-y)phenyl)iminojindolin-2-one (L') 
To a solution of 1H-indole-2,3-dione (I mmol) in methanol, 2-(2-aminophenyl) 

benzimidazole (1 mmol) in methanol was added dropwise. The above mixture was refluxed 
for about 3hrs. Then the reaction mixture solvent was kept for slow evaporation and cooled at 
room temperature. The yellow precipitate was filtered and then washed with ethanol.
Schematic route for synthesis of (L') is given in scheme I. 
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Scheme 1: Structure of Schiff base Ligand (L') 

Synthesis of (E)-3-((3-methyl-1-phenyl-1H-pyrazol-5-yl)imino)indolin-2-one (L) 

The mixture of 1:1 1H-indole-2,3-dione (1 mmol) with -amino-3-methyl-1-phenyl-IH- 

pyrazole (Immol) disso lved in methanol. The resultant mixture stirred for 3 hrs, the yellow 

colored precipitate was obtained and kept for slow evaporation. The colored precipitate was 

filtered, washed with ethanol and dried. Schematic route for synthesis of (L) is given in 

scheme 2. 

Scheme 2: Structure of Schiff base Ligand (L') 

Synthesis of Schiff base mixed ligand Metal (I) Complexes 

The complex was prepared in 1:1:1 molar ratio (Metal: L': L). Methanolic solution 

(20 mL) of metal salts (Immol) was taken in a round bottom flask and methanolic solution 

(20 mL) of prepared Schiff base ligand (L') (mmol) was added drop wise and stirred well. 

then followed by addition of ligand (L). Resulting reaction mixture was refluxed for 3 hours 

on water bath. On cooling, dark coloured precipitate was formed which was filtered, washed 

with ethanol and dried in vacuum. The proposed structure of mixed ligand complexes were 

shown in scheme 3. 
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Scheme 3: Synthesis of Schiff base mixed ligand complexes 

RESULTS AND DISCUSSION 

The Schiff base ligands (L', L) were yellow in colour, but the prepared metal 

chelates of these ligands differ in colour depend ing on the metal ions. The synthesized metal 

complexes were coloured, air stable and insoluble in water, but soluble in DMF, DMSO and 

Chloroform. The elemental analysis of the Schiff base mixed ligand and its complexes is 

listed in Table 1. The data obtained was in a good agreement with the theoretical values and 

show the formation of 1:1:1 [M: L': LJ ratio where M = Co (11), Ni (11) and Cu (lI). The 

observed values of molar conductance for the mixed ligand complexes (measured in 10 M 

DMF) are lower and thus non-electrolytic nature of the mixed ligand complexes was 

confirmed [15]. 
lexes Table 1: Analytical data of the Schiff base mixed ligand and its metal com 

Compounds Molecular Calculated/found 
Formula M.Wt Yield 

C H N CI M 

(16.56) 
16.56 

(4.73) 
4.73 

(74.54) (4.17) 
Li CHN,O 338.36 85 

74.55 4.14

(5.2 (18.53) 
18.54 

(71.51) (4.67)
CisHaN,0 302.33 80 

71.52 4.63 5.29 

(8.20) 
8.20 

(9.15) (4.13) 
4.13 

(3.64) (14.46) (60.43) 
60.43 CulLl CopCuN,O,cl 773.10 75 

3.61 14.46 9.15 
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9) ( ) 14.5.4) (415) 9.20) (7.65) 
454 

ol 1oN)d ,910 
60.79 415 .20 7,65 

(60.81 ft)(14.55) (4.15) 
3.63 

(7.62) (9.21) 
9.21 

il NN,O,1 768.11 65 
60,81 14.55 4.15 7.62 

IR SPECTRA 

The IR spectra of the prepared Schift base ligands and metal complexes were taken in 

the range of 4000- 400 cm to interpret the nature of functional groups attached to metal 

atom. Due to chelation. the intensities of the peaks are expected to differ as related to that of 

the ligands. The IR spectra of the Schiff base ligands (L & L) and metal complexes are 

shown in Figure.I & 2. The IR spectrum of thc ligands displayed a strong band at 1616 cm 
and 1611 cm () corresponding to v (C-N) of imine group [16]. In metal complexes. 
the iminc uC=N) of the ligand shiftcd to lower and higher wavenumbers 1610-1618 em 

upon coordinat ion to metal. A broad band of medium intensity at 3127-336l cm" assigned to 

N-H)was also observed for isat in and benzimidazole mo iety. The strong band observed in 

the ligands at 1725 cm (L) and 1707 cm is characterist ic of uC-0) amide [l7]. In 

compicxes this band was shifted to higher frequencies by 3-16 cm', indicating the 

coordination of carbonyl oxygen of the ligand tO metal ions. Further, the appearance of some 

new bands in the region 519-538 cm, 482489 cm and 350-372cm' region, which may 
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Figure 2: IR Spectra for of Schiff base L 

'H NMR spectra 

The 'H NMR of the ligands L and L was recorded in DMSO-d6 respectively using 

tetramethylsilane (TMS) as internal standard are given in Figure.3 &4. The 'HNMR of the 

ligand (L) gave characterist ic signal at 10.8 ppm (s, IH) and 11.05 ppm (s, 1H) which was 

assigned to the NH proton of isat in and benzimidazole moiety [20]. Similarly, ligand (L 

shows a signal at 9.4 ppm, 2.3 ppm which was assigned to the NH [21] and methyl proton. In 

addition, the aromatic protons of the ligands appeared as multiplets in the range of 6.05-7.85 

ppm(L') and 6.5-7.4 ppm (L^). 

Figure 3: 'H NMR Spectra for of Schiff base L' 
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Figure 4: 'H NMR Spectra for of Schiff base L 

Electronic and Magnetic studies 

The electronic spectra of L', L and their complexes were recorded in 10 M DMSO 

solution in the range of 200-800 nm at room temperature as shown in Figure.5 & 6. In both 

ligands. the bands observed at 270. 271 nm [22] which are attributed to t^ T transition of 

the aromatic rings and the band at 335, 379 nm [23] might be attributed to the n-t* transitions 

of the azomethine group. In metal complexes, these two bands (TT and n-T) undergoes 

shifi to lower and higher wavelengths as a consequences of coordinat ion to metal centre. The 

complex (CoL'L) displayed the broad band in the range of 425 nm may be assigned as the 

L-M charge transfer transition. In this complex the low intense bands appeared in the range 

of 550-605 nm corresponds to 4Tig(F) 4T2g(P) and 4T g(F)- 4A2g(F) excitations 

respectively. The magnetic moment of (CoL'L) was found to be 4.46 B.M and spectral data 

suggest an octahedral geometry around the Co(ll) ion. Similar structural features were 

assigned for other mixed ligand CuL'L' and NiL'Lcomplexes. 

.8- 

4 
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Fig 5: UV Spectra for of Schiff base L' Fig 6: UV Spectra for of Schiff base L 
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Cyclic voltammetry 

The electrochemical study is the most effective and versatile methods accessible for 

study of redox systems. The redox behavior of metal complexes (Cu(I1). Co(1I) and Ni(l1)) 

has been studied by cyclic voltammogram in DMF using 0.1 M Tetrabutyl ammonium 

perchlorate (TBAP) as supporting electrolyte. The voltammograms of the mixed ligand Schiff 

base metal complexes contains two peaks due to oxidative nature of organic molecule and 

reductive nature of azomethine group. The Cull) complex shows an cathodic peak at 0.64 V 

which is attributed to one electron reduction of Cu(l1)/Cu(1) couple and anodic peak of 0.76 

V indicates the oxidation process of Cu(l)--Cu(11). The Co(IlI) complexes exhibit well 

defined redox process corresponding to quasi reversible Co(II)/Co(I) couple with a peaks at 

Epa-0.92 V, Epc=0.74 V. The anodic peak at Epa= 0.85 V versus Ag/AgCI and the 

Epc 0.94 V correspond to the Ni(II)/Ni(I) couple which associated cathodic peak 

provides evidence for quasi reversible in nature. It has been shown that the formal redox 

potential dependent on factors such as coordination number, hard/soft nature of the ligands 

and bulkiness of the ligands [24]. 

ESR studies 

The EPR spectra of metal complexes provide information about the geometry, nature 

of coordinating sites of the Schiff base and the metal. The EPR spectra of the [Cu(L'L)] 

Schiff base mixed ligand complexes recorded on powder samples with room temperature, on 

X-band at frequency 9.1 GHz under the magnetic field strength 4000 G. The Schiff base 

mixed ligand Cu(11) complex display a small broad signal with gll at 2.24 and g at 2.10. 

Hence the unpaired electron lies in the dx-y orbital with gllg>ge (2.0027 free spin 

value). This confirms Cu(lI) complex possess a octahedral geometry. 

Antibacterial activity 

In the present study, various metal complexes of mixed ligand were assessed 

for their in-vitro antibacterial activity against two pathogens (B.Subtilis and S.typhi) and the ir 

potential activity were evaluated by the zone of inhibition and MIC values. Four different 

concentrat ions (25wg/ml, 50ug/ml, 75g/ml and 100ug/ml) of the synthesized compounds 
have been tested for antibacterial assay. The Figure.7 shows the antibacterial activity of 

mixed ligand complexes. The antibacterial activity results showed that all mixed ligand 
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complexes possess good activity against B. subtilis and S.Typhi. The Co(11) and Cu(l) 

complexes shown better activity against both bacteria examined than the standard drug 

chloramphenicol. The enrichment observed in activity of the mixed ligand complexes may be 

attributed to chelat ion of Schiff bases with metal ion [25]. The polarity of the metal ion gets 

reduced to a larger extent due to the overlap of the ligand orbital when chelated. Further, the 

complexes become very stable due to the delocalization of p-electrons and enhance the 

penetration of the complexes into lipid membranes and blocking of the metal binding sites in 

the enzymes of pathogens. These complexes also interrupt the respiration process of the cel 
and thus block the synthesis of proteins, wBhich controls further growth of the microorganism. 

Antibacterial 

25 

B. Subtilis 

20 
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75 

100 

2 Ni L112 CoL1l2 Cul1l2 

Figure 7: Antibacterial activity for of mixed ligand Schiff base complexes 
Antifungal activity 

The antifungal activity for the ligands (L', L' and its NiL'L?, CoL'L and CuL'T 
complexes have been tested against two pathogens (A. niger and C. albicans) at four different 
concentrations. The results are shown in Figure.8. The results showed that cobalt complex 
exhibits enhanced activity against A. niger and C.albicans than the standard drug fluconazole 
and Ni complex showed moderate effects on both fungal strains. 
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Figure 8: Antifungal activity for of mixed ligand Schiff base complexes 

Cytotoxicity 

All the synthesized compounds were screened for their cytotoxicity at four different 

concentrations (5, 10, 50 and 100ug/ml) against breast cancer cell line (MCF7) using 

standard MTT assay method. From the data (Figure.9), it is obvious that all the newly 

synthesized mixed ligand metal complexes exposed effective activity when compared to the 

free ligands. The Co(11) complexes displayed significant potent cytotoxic activity than other 

complexes and IC50 values showed that moderate anticancer activity against MCF7 cell lines 

without causing significant damage to the normal cells [26]. 
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Figure 9: Cytotoxieity aetivity against MCF-7 Cell line 
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DNA Cleavage Studies 

The interaction of pUC18DNA with newly prepared mixed ligand (L', L) and its 

Cull). Co(l) and Ni(I1) complexes was studied using agarose gel electrophoresis method. 

The gel picture showing the cleavage ofpUCI8DNA is depicted in Figure 10. Mixed ligand 

and its metal complexes have acted on DNA; chelates are able to convert super coiled DNA 

into open circular DNA and cleavage activities of chelates depends on concentrations. The 

mixed ligand complexes showed a difference in lanes compared with the control pUC1 8DNA 

due to convers ion. Even after a longer exposure time, control DNA alone does not show any 

apparent cleavage. whereas the ligand and its metal complexes showed cleavage due to 

presence of oxidant (OH). The OH' free radicals participate in general oxidative mechanisms 

of deoxyribose moiety, followed by hydrolytic cleavage via abstraction of a hydrogen atom 

from sugar units. In the present case. mixed ligand complexes showed complete cleavage of 

DNA in presence of oxidant and clearly reveal the significant role of coordination of O and N 

groups to the metal ion in these DNA cleavage activities. As the compounds were perceived 

to cleave the DNA, it can be concluded that all mixed ligand complexes under present study 

are good pathogenic microorganism inhibitor, as evident on cleavage of pUC18DNA. 

Lane 1 3 5 

Figurel0: The gel picture of DNA cleavage activity on pUC18DNA, Lane 1: DNA alone: 

Lane 2: DNA+ H02: Lane 3: DNA+ H:OtCuL'L; Lane 4: DNA+ H2O2+CoL'L; Lane5: 
DNA+ H202+ NiL'L 

Conclusions 

Isatin based mixed ligand complexes were synthesized, characterized and evaluated 

for their Ant imicrobial, Ctotoxicity and DNA cleavagel properties. The octahedral geometry 

was assigned to mixed ligand complexes, bys pRus physical and spectroscopic 
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to hniues 1he hiokogkal resuhs reveaked that these compounds have a potential to be useod 

as ant imikrobial drugs and signific ant potent iators with known antihacterial and antifungal 

drug (chloramphenicol and luconazole) Ihe DNA cleavage activity of newly prepared 

miscd ligand compounds showcd the ceavage of plasmid pliC18 DNA and the cytotoxic it ies 

of Coqll) complexes indicate potent cytotoxic agents that might become efective ant icancer 

agent in clinical trial 
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Preparation of Reduced ZnO/Ag Nanocomposites by a 
Green Microwave-Assisted Method and Their Applications 
in Photodegradation of Methylene Blue Dye, and as 
Antimicrobial and Anticancer Agents 
Arumugam Saranya, Alsawalha Murad Alomayri Thamer, Arumugam Priyadharsan, a 
and Palanimalai Maheshwaranal 

In this present study, we report a facile microwave assisted consecutive cycles. In addition, the resultant nanocomposites 

green synthesis of ZnO/Ag nanocomposites (denoted as G 

ZnO/Ag NCs) by employing Tridax procumbens leaf extract as a inhibition of 9.85 + 0.12 and 10.51 0.63 mm against gram
green solvent for photocatalytic, antimicrobial and cytotoxicity 
activities. The prepared nanocomposites was characterized by 0.12 mm against gram-negative (Escherichia coli), bacteria 

various techniques to study its crystallinicy. morphology, 

structure, chemical composition, optical properties, and so on. Although, the in-vitro cytotoxicity test showed 39.58% viability
The nanocomposites exhibited excellent photocatalytic per- of MCF-7 cells. In summary, this study suggest that G-ZnO/Ag

formance (90.2%) toward methylene blue degradation when NCs as a promising tool for wastewater treatment and nano 

irradiated under visible light (120 min). Furthermore, the G biomedical applications using low cost and eco-friendly 
ZnO/Ag NCs showed good reusable properties up to four approach. 

showed significant antimicrobial activity with the zones of 

positive (Staphylococcus aureus) and 11.98+ 0.22 and 13.76+ 

respectively, as measured using the well diffusion methoa. 

1. Introduction 
applied for environmental remediation and pharmaceutical 
applications. Among different materials, zinc oxide is a well- Currently. the development of nanomaterials is an high 

demand for various industrial, scientific and medical applica 
tions. Particularly, metal/metal oxide nanoparticles are studied 

as the most promising as they include superior catalytic and 

biological applications because of their unique properties 

including small size, large surface area, and uniform size 

established semiconductor material because of its excellent
adsorptive, transparency, high melting point, optical, conduc- 

tivity, low cost, stability and controllability properties which 

drives applications in catalysis, supercapacitors gas storage and 

separation, biomedical, adsorption, magnetism and sensors.
distribution. In the recent decades, various metal/metal oxide On the other hand, silver nanoparticles are also currently one 

of the most widely commercialized nanomaterials and they are 

modified carbon dots, metal-organic framework based materi- extensively used in various areas such as electrochemical, 

als have gained the researcher interest and they are frequently biosensors, antibacterial coatings, and extremely effective cata- 

lysts of organic reactions. However, these pristine nano- 

materials suffe. fror us shortcomings such as lowc 

sensitivity and reproducibility, slower kinetics of electron trans- 

fer, lower conductivity, poor mechanical strength, and lower 

stability. To overcome these shortcomings, Ag NPs have been 

Incorporated into the surface of Zno NPs is advisable to 

prepare ZnO/Ag nanocomposites with desirable properties. 

Therefore, various preparation methods including hydro- 

thermal, precipitation, solvothermal, thermal decomposition, 

electrochemical, sol-gel, and physical vapor deposition techni 

aues have been reported for the preparation of metal or metal 

oxide nanomaterials."- Among all preparation techniques, 
Microw (MW) synthesis is an mndest and effervive strategy 
for the preparation of metal/metal oxides nanomaterials. MW 
heating provides several advantages over conventional meth- 

ods, including energy efficiency, high reaction rate, lower 

nanoparticles including Au, Cuo, Co, Tio Fe,0, SnO, 
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energy consumption, short reaction time, small particle size 

Supporting information for this article is available on the WwW under 

https://doi.org/10.1002/slet.202100413 and narrow size distribution. However, many of these 
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procedures required strong acids, toxic capping agents and Indla. The leaves extract contains rich phytochemical constitu 
reducing/stabilizing agents. Hence, there has been a need for 
an eco-friendly reducing and a nontoxic capping agent for antioxidant, anti-inflammatory and anticancer treatments."
stabilizing the nanoparticles. Incidentally, The green 

chemistry principles in the preparation of nanomaterials has 

provided innovative tools to reduces or eliminates the 
application of hazardous reagents in both research and 

industry because of their easy avallability., non-toxic, better 
adsorption efficiency and cost effectivity.a Recently, many bens leaves ext:act through a microwave assisted hydrothermal 
attention has been paid to develop eco-friendly green reagents method. Moreover, the prepared G-ZnO/Ag NCs were used for 

such as bio degradable polymers, cellulose, enzymes, haemo their methylene blue dye degradation ability, antimicrobial and 

globin, glucose, plant extracts and tragacanth gel for the anticancer activity. 
synthesis of nanomaterials.26

The possibility of nanoparticle formation with bio reagent 

has been studied in the recent decades. Nadagouda et al. have 2. Results and Discussion
studied the use of Blackberry, Blueberry, Pomegranate and 

Turmeric Extracts for the preparation of metal nanoparticles. It 

was determined that the technique did not require the use of 

any surfactants or capping agents for the production of stable investigated by 

nanoparticles Similarly, Green synthesis of silver and palla- 
dium nanopar ticles were produced by coffee and tea extract at 

room temperature. The Caffeine/polyphenols of coffee and tea 

extracts plays an important role to reduce the corresponding 

metals solution and this approach addresses key requirements (200), (112), (201), (004), and (202) planes of hexagonal 

from a green chemistry perspective Kou, Jet al. developed 

simple route for the preparation of noble metal nanoparticles 

by using beet juice under MW irradiation method. The 

ent and they were used to treat wound healing, antibacterial, 

To the best of our knowledge, T. procumbens aqueous leaf 
extract have not been reported as a reducing and gapping 

agent for the preparation of G-ZnO/Ag NCs. In the present 

study, a green, ecofriendly exfoliation approach was applied for 

the preparation of G-ZnO/Ag nanocomposites using T. procum 

2.1. X-ray Diffraction and FT-IR Studies 

The phase structure of the G-Zn0 and G-Ag/G-ZnO NCs were 

Xray diffraction (XRD) analysis. As shown in Figure 1a, G- 

Zno NPs shows typical difraction peaks observed at 31.8°, 

34.5°, 36.4, 47.7, 57.3', 63.2", 67.2', 68.3°, 69.6, 73.1, and 

78.3 corresponding to the (100), (002), (101), (102), (110), (103), 

wurtzite, which is consistent with JCPDS fle no 36-1451. It is 

noteworthy that three new diffraction peaks appeared for G- 

ZnO/Ag NCs at 384, 44.5, and 67.5° can be indexed 

prepared nanoparticles with capping prepared using beet julce respectively to the (111), (200) and (220) planes of cubic 
exhibit higher catalytic activity and durability than those segment of Ag crystal phase, which confirms the formation of 

prepared using chemical methods.0 Yeganeh and co-work- 
ers have reported a magnetic nanoparticles, which was 

synthesized using Minidium leavigatum leaves extract. The 

resulting magnetic nanoparticles showed excelent adsorption 

capacity for removal RB 222 aqueous solution. Baruwati et al. cubic structure of Ag phase. 

have demonstrated an extremely easy and completely green 

preparation process for generation highly crystalline Au, Ag. 
Pd, and Pt nanoparticles using grape pomace extracts. The 

polyphenolic compounds of grape pomace could serve as 

capping and reducing agents during the synthesis process.3 
Recently, the application of green synthesis of Tragacanth gum 

Leaterl tuUnposie has been extensively 

photocatalytic degradation and reusability towards direct black 2830 cm was related to C-H stretching vibrations and the 

122 dye, Acid orange 7 and Eriochrome Black T dyes at room wide band ranging from 3600 cm to 3250 cm' attributed to 

conditions, due to their non-toxicity, high surface area, cheap. 0-H stretching vibration of the absorbed water molecules on 

ease of preparation. Thus, they have shown to have good 

photocatalytic activity and reusability to treat various pollutants wavenumber of 1780 to 1490 cm' were allocated to the C-O 
from wastewater."-0 In view of these successes, Some of the stretching vibrations of the prepared samples. 01 It is worth 
recent works have explored on preparation of ZnO/Ag nano- 

composites include Thymus vulgaris, Prosophis fracta and 
coffe grount: Ocimum tenuiflorum seed oak fruit hull become weaker, which indicates that the successful formation 
(Uaft),o Pomegranate peel extract, Urtica dioica leaf extract 
and Trigonella foenum rarcum wer investigated for their 
biomediacal and catalytic activity for environmental remedia- 

G-ZnO/Ag NCs. Furthermore, no additional peaks were found in 

the XRD patterns indicating high purity of G-ZnO/Ag NCs. This 

result indicated that as-prepared G-ZnO/Ag nanocomposites 
possessed mixed hexagonal structure of ZnO phase and the 

To acquire about the functional groups, the G-ZnO NPs, 

and G-ZnO/Ag NCs were analyzed by FT-IR (Figure 1b). The 

signature peak of Zn-O stretching vibrations were observed 

between 400 to 600 cm The characteristic bands displayed in 
the range of 1448 to 1332 cm related to C=C stretchin9 
vibration and the bands between 1236 and 720 cm' resulted 

.gditu for from C-H bending. T - aipuion bands between 2960 to 

surface of the materials. In addition, the bands between the 

noting that, after introduction of G-Ag NPs on G-ZnO surface, 

all the organic functional groups and other some peaks are 

of G-ZnO/Ag NCs by the microwave assisted synthesis. 

2.2. Morphological, Size and Elemental Distribution Analysis tion. 

Tridax procumbens (T. procumbens) is a common weed plant The detailed morphologies and size of the as-obtained pristine 

belongs to the Asteraceae family, commonly found in tropical G-Zno NPS, and G-ZnO/Ag NCs photocatalysts were observed 
Americas and naturalized in tropical Asia, Africa, Australia, and by applying the SEM and HR-TEM. The higher magnification 

Chemistryselect 2021, 6, 3995- 4004 Wiley Online Library 3996 2021 Wiley-VCH GmbH 

AR 

NAMAKKAL 
37 206 



ChCmisu 

Full Papers 
doi.org/10.1002/slct.202100413 

LChemistry 
Europe ChemistrySclect 
European Chemical 
OCIees uOuSning 

G-ZnO/Ag NCs (a) (b) O-11 G-ZnO/Ag NC% C=0 

C L Zn-O 

G-ZnO NPs 

G-ZnO NPs 

20 30 40 50 60 70 80 4000 3500 3000 2500 2000 1500 1000 500 
20 (Degree) 

Wavenumber (cm') 

Figure 1. (a) XRD patterns and (6) FT-IR spectra of pristine G-ZnO and G-ZnO/Ag NCs. 

SEM (Figure 2a) and HR-TEM images (Figure 2b-c) of as 
obtained G-ZnO NPs showed spherical morphology with sizes 
ranging from 15 to 20 nm (Figure 2d). After incorporation of 
the two components, The SEM (Figure 2e) images of G-ZnO/Ag 
NCs clearly reveals that the Ag nanoparticles are well anchored 
on the surface of G-ZnO indicating that Ag NPs are successfully 

the prepared materials, which was calculated by the following 
equation. 

ahv = A(hv - E,) 

where, h is Plank's constant, a denotes the absorption
coefficient, A means a proportional constant, v is the light loaded onto the G-ZnO surface via the microwave-assisted 

process. HR-TEM images (Figure 2f-g) of G-ZnO/Ag NCs at 50 
and 20 nm scale clearly revealing nanospherical morphology 
and the histograms show that the average size of G-ZnO/Ag 
NCs are ranging from 25 to 30 nm (Figure 2h) which are much 

larger than those of pristine G-ZnO NPs. Furthermore, the 

interplanar distances of 0.28 nm and 0.24 nm (Figure 2i) could 
be ascribed to the (100) crystal plane of Zno and Ag 
respectively, which indicates that Ag nanostructures are 

present on the suface of G-ZnO and which are good agrees 

frequency, and Eg is the band gap respectively.51 The results of 
Tauc plots (Figure 4b) showed that the optical band gap of G- 

ZnO/Ag NCs was about 3.12 eV, which is significantly lower 

compared to that of pristine G-ZnO (3.18 eV). Therefore, the 
lower band gap energy of G-ZnO/Ag NCs play vital roles in 

facilitating for the enhanced photocatalytic efficiency for 
degradation of organic dye pollutants. 

Photoluminescence (PL) spectroscopy was employed to 
study the photoproduced charge carriers of prepared samples. 
Figure 4c. illustrates the emission spectra of pristine G-ZnO NPs 

and G-ZnO/Ag NCs. Generally, the electron-hole separation 

with the XRD results. The EDX spectra of G-ZnO/Ag NCs confirm 

the existence of zinc, carbon, oxygen and silver elements 

So and in can be seen tliat al' u.ucn eienents 

including carbon (red), oxygen (green), zinc (aqua), and silver 
elements (purple) are distributed homogen 
ZnO/Ag NCs (Figure 3b-e), which proved the Ag deposited on 
the ZnO surface to form G-ZnO/Ag NCs. 

efficiency can s. Jliavcd with the photoluminescer i. 

emission intensity; the lower PL intensity could reflect less 

electron-hole pair recombination in the photocatalyst, which 
leads to the improved photocatalytic performance. Notice 
ably, the peak intensity of G-ZnO/Ag NCs was less than that of 
the pristine G-ZnO NPs, which reveals that the G-ZnO/Ag NCs 

can trap the photoexcited electrons during the solar light 

in the G 

2.3. UV-Vis, Electronic Band and PL Spectra Analysis 
irradiation. 

The optical absorption properties reflects the ability of harvest- 

ing photns, thereby pl-ying a important role in determining 
the photocatalytic efficiency. UV-vis diffuse reflectance spectro- 

sny(DRS) spera of G-Zno and G-7n/g NCs phon 
catalysts were shown in Figure 4a. As can be seen that as 

prepared G-ZnO/Ag NCs exhibit significantly enhanced after 
introduction of Ag NPs, which was expected to be enhance for 

photocatalytic activity under solar light irradiation. In addition 
to that, the Tauc plots was used to determine the band gap of 

24. Piiotocatalytic Performance 

The photocatalyti neformance f the as-prepared mate-is 

were evaluated by the degradation of methylene blue (M8) and 

the results under various conditions are shown in Figure Sa,the 

adsorption and desorption equilibrium will be reached after 
20 min in darkness reaction. The blank test (absence of the 

catalysts) shows that there is no observable degradation of MB 
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Figure 2. Typical SEM and HR-TEM images of the photocatalysts: (a) SEM and (b-c) HR-TEM and (d) histogram analysis of pristine G-ZnO NPs. (e) SEM, (f-g) HR- 

TEM, ) Histogram and () Space lattice analysis of G-ZnO/Ag NCs. 

Table 1. Measurement of diameters of inhibition zone over G-ZnO NPs and 

MB (at 666 nm) over G-Zn0/Ag NCs during the photocatalytic 
the reaction process. With increasing the irradiation time, the 

absorption peak of MB gradually decreased, demonstrating the 

5-Zn0/Ag NCs. 

Samples Zone of inhibition (in mm) 
E. co S. aureus 

50fiu ug ml) 50(ug ml) 100(ug ml UIcaniny of chemical bond. in t up l ddiation of solar 

light. 10.94 0.41 
G-ZnO/Ag NCs 9.85 0.12 1051+0.63 11.98+0.22 13.76 -0.12 

18360.49 (10 ug ml ) 

G-ZnO NPs 6.51 0.25 7.93+0.34 94+0.54 

For better understanding of the photocatalytic performance 
Posituve control 16.81 + 0.23 (10 ug ml ) of the G-ZnO/Ag NCs, the kinetic behavior of the photo 

degradation of the MB dye was also studied as follows. 

Generally, the kinetic process of photocatalysis can be 
described by pseudo-first-order reaction equation: In (C/C) = 

kt. Where, K is the rate constants, Co and C, represent the 

after irradiation for 120 min, the sole effect of light irradiation

was almost negligible, with only 4.8% of MB degradation 

indicating that MB is quite stable under solar irradiation. The 

pristine -ZnO ND exhibited lower photocataly'ic efficiency 
and reaches a maximum degradation activity with 65.5%, 

Hver, after assembling h Ag NPs on th rurface of the G 
ZnO, the photocatalytic degradation eficiency is greatly 

concentrations at the initial time (t=0) and time t (min), 

respectively. Figure Sc describes the olots of In(CG) versus 

irradiation time, It can be seen from the results that the G-Zno/ 

Ag C has the fat rate of rate constants 0.3715 mir 
and better fitting correlation index (R= 0.9554), which indi- 

cates that the G-ZnO/Ag NCs has the best photocatalytic improved and exhibited 90.2% degradation efficiency after 

irradiation for 120 min, indicating that Ag NPs content has a 

significant influence on the photocatalytic eficiency of G-ZnO/ 

Ag NCs Figure S5b shows time dependent absorption peaks of 

property. 
The effect of dosage plays an vital role in the photocatalytic 

degradation of the organic pollutants. In this regard, Figure 5d 
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Figure 3. (a) EDX spectrum and elemental distribution mapping analysis of G-ZnO/Ag NCs (b) Carbon, (c) Oxygen, (d) Zinc and (e) Silver respectively. 

demonstrates the effect of various catalytic amount of G-ZnO/ 
Ag NCs on the phot ,i ugradation of the MB dye 
solution. Moreover, it has been observed that after the 

collected by filtration, washed three times with distilled water, 

o 0°C, and reused again. As de ieu in Figure 6a, 
the photodegradation efficiency of G-ZnO/Ag NCs for MB dye 

after second cycle was found to be almost similar with first and irradiation of 30 min from the beginning of the reaction, with 

the increase in the dosage of G-ZnO/Ag NCs from 30 to 70 mg, 

the degradation efficiency of the MB increased from 65.5% to 

90.2 %. When further increase in photocatalyst loading, the rate 

of photodegradation was decreased possibly due to the 

a slight decrease in efficiency was observed during third and 

fourth cycles, which can be attributed to the loss in the amount 

of photocatalyst during the process of recollection and the 

results of this study indicated that G-Zn0/Ag NCs processes 

remarkable recyclability up to four consecutive cycles 

Moreover, to address the possible photodegradation mech- 

anism over G-Znn/Ag NCs illustrated in the rchematic diagram 

in Figure 6b. When switched on the visible light source, catalyst 

absorbed linht energy, and the electone in the valonre band 

decrease in light penetration of the G-ZnO/Ag NCs as a result 

of reduced the photodegradation efficiency. Thus, the G-ZnO/ 

Ag NCs arhieved a significart degradation of 90.4% toward the 

MB solution at a optimum photocatalyst amount of 70 mg 

under 120 min of iradi ation time and the whole study w 

carried out with the same catalyst dose. 

In order to check the reusability of the as prepared 

photocatalyst G-ZnO/Ag was investigated by performing four 

successive cycles using MB dye solution under the same 

experimental conditions. After each cycle, the sample were 

(VB) were transited to the conduction band (CB) to form 

electronic-hole pairs. The photogenerated electrons from the 

CB of G-Zno were transferred to Ag and react with the 

adsorbed 0, molecules leading to the formation of superoxide 

radical anions (0, ) radicals. Meanwhile, the active positive 
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Figure 4. (a) UV-visible diffused reflectance spectra (b) Optical band gap determined by Tauc plot (c) Photoluminescence spectra of pristine G-Zno NPs and G 

ZnO/Ag NCs. 

hole (h") in the valence-band (VB) react with H,0 to produce of prepared G-ZnO/Ag NCs exhibited greater antimicrobial 

yoruxyl radicals (OH). The 

produced under visible light irradiation are mainly involved in 

the degradation of MB dye molecules. 

effe pisine G-ZnO NPs and ihe z indition 

against S. aureus were 9.85 +0.12 and 10.51 t0.63 mm, where- 

pecies of 'O and HO 

as the inhibition zones for E. coli were 11.98 + 0.22 and 13.76 
O.12 mm. Meanwhile inhibition zones for control (10 ug/mL 

Gentamycin) were found to be 16.81 +0.23 mm for S. aureus 

and 18.36 +0.49 mm for E. coli respectively. This enhanced 
antimicrobial properties of G-ZnO/Ag NCs was due to following 

phenomena; the direct interaction of G-ZnO/Ag NCs to the 

bacterial surface, deactivates cellular enzymes, destroying the 

integrality of the cell membrrne, and ultimately causing 

bacterial cell death." Another major mechanism of G-ZnO/Ag 
NCs is pred:tion of ROS Dactive oxygen species) hich do 

penetration of membrane lipids, proteins, DNA, and lead to 

2.5. In-vitro Biological Properties 

2.5.1. Antimicrobial Properties 

The antimicrobial activity of pristine G-Zno NPs and G-ZnO/Ag

Ns were eval 'ated aeainst grem-posithe (5. aureus) and 
gram-negative (E. col) bacterium by well diffusion method. The 

inhibitic ~one results were given i Table 1 and Cinure 7. It 

was found that, the pristine G-Zno NPs showed diameter of 

inhibition zone against S. aureus were 6.51 +0.25, and 7.93 + higher antimicrobial activity.S,57 

0.34 mm, whereas the inhibition zones for E. coli were 9.4t 

0.54 and 10.94 + 0.41 mm at the concentration of 50 and 
100 ug/ml respectively. Interestingly, the same concentration 
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Figure 5. (a) Photocatalytic MB dye degradation of as prepared G-ZnO NPs and G-Zn0/Ag NCs under various conditions b) UV-vis spectral changes of MB 
using G-Zn0/Ag NCs under the optimized conditions. (c) Linear relationship between InC/C) and iradiation time min) and (d) dose dependent 

photodegradation of MB over G-Zn0/Ag NCs. 

proliferation of A54° iic. Tiis effective cytotoaicity 

property should be due to different electrostatic interaction 
between G-Zn0/Ag NCs and AS49 cell wall, which leads to 

25.2. u-Vitro Assay for Cytotoxic Properties 

The cytotoxicity efect of pristine G-ZnO NPs and G-ZnO/Ag

NCs were screened against AS49 cancer cell line by means of 

MTT assay. Figure & shows the obtained results of cell viablity 

of A549 cells after 24 h exposure. Concentration dependent 
cytotoxicity activity was observed after exposing the cell lines 

to 50, 100, 200 and 300 ug/ml of green synthesized G-ino NPS 
3. Conclusions 

and G-2nO/Ag NCs. Compared to the untreated control test, 
the oristine G-Zn NPs howed respectively 71.34% and 
55.51% of cell viability at the highest concentration of 200 and 

300 ug/mo 24 h exposure. In h meantime. h same 

Concentrations of G-ZnO/Ag NCs (200 and 300 ug/M) showed 

higher cytotoxicity effects toward A549 cells and the percent 

age of cell viability were respectively 52.24% and 39.58 % after 
24 h exposure. The ICg, value of G-ZnO/Ag NCs was determined 

as 214.8 Hg/ml confers better cytotoxic effects in the 

cellular toxicity. These results suggest that G-ZnO/Ag NCs 
possess potential application in cancer chemoprevention and 

chemotherapy. 

In this study the G-ZnO/Ag NCs wa prepared in an ecofriendly 

manner and characterized using XRD, FTIR, SEM, EDX, HR-TEM, 
UV-DRS, and o analyse An excellent photodecdion 

activity was achieved for the optimized dosage of G-Zn0/Ag 
NCs (70 mg) and exhibited maximum MB dye degradation rate 

of 90.2% which is much higher compared to that of pristine G- 

Zno (65.5%), respectively. Also, the G-ZnO/Ag NCs exhibited 

good recyclability up to four consecutive cycles, which are 
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important features for practical applications. In addition, the 
resulting 7-n nanocnmsite demonstratedinifirant ing ha photocatalyst and thir 20plicatiors ir environmental 

antimicrobial and cytotoxic effects against both gram-positive 

fore, this work provides a new greener way for in situ synthesiz 

purification and nano biomedical applications. 

(S. aureus), gram-negative (E. coli) bacterial strains and A549 

cancer cell ine. This remarkable photocatalytic and biological 
activities was related to the homogenous distribution and 
synergistic interaction between G-Ag and G-ZnO NPs. There 

Chemistryselect 2021, 6, 1995- 4004 Wiley Online Library 

OF AR 002 o 2021 Wiley-VCH GmbH 

NAMAKKAL) 

637 206 



PChemistry 
IEurope Full PapeS 

doi.org/10.1002/slct.202100413 ChemistrySelect uucn Cheiu Scieties PAAJirg 

G-ZnO NPs 
100 

G-ZnO/Ag NCs| 

80 

60 

40 

20- 

0 

Control1 50 100 200 300 

Concentrations in ug /mL 

Figure 8. Ccll viability analysis of G-ZnO NPs and G-ZnO/Ag NCs against A549 cell Iines 

Supporting Information Summary 171 A. Hasanpour, M. Niyaifar, M. Asan, J. Amighian, J Magn. Magn. Mater 
2013, 334, 41-44. 

[181 K Kaviyarasu, C. Maria Magdalane, K Anand, E. Manikandan, M. Maaza. 

Spectrochim. Acta Part A 2015, 142, 405-409 
[19) P. Sathishkumar, R. Sweena, I. J. Wu, S. Anandan, Chem. Eng. . 2011 

171, 136-140. 

Experimental and characterization details are given in the 
Supporting Information. 

20] B. Baruwati, v. Polshettiwar, R. S. Varma, Green Chem. 2009, 11, 926-930. 
Conflict of Interest [211 Y.Y. Dong. S. Liu, Y. J. Liu, LY. Meng, M. G. Ma, J. Mater. Sci 2017, S2, 

8219-8230. 
The authors declare no conflict of interest. 

22) P.D. Ramesh, K. J. Rao, B. Vaidhyanathan, M. Ganguli, J. Mater. Res. 1994 
9, 3025-3027. 

123) R S. Varma, Curr. Opin. Chem. Eng. 2012, 1, 123-128. Keywords: Green reduction G-ZnO/Ag NCs Photocatalysis [24) H. Duan, D. Wang, Y. Li, Chem. Soc. Rev. 2015, 44, S778-5792. 

Biological activity |25) S. Iravani, Green Chem. 2011, 13, 2638-2650. 

(26] D. Hebbalalu, J. Lalley, M. N. Nadagouda, R. S. Varma, ACS Sustain able 
Chen. Eng. 2013, 1, 703-712. 

(27] M. N. Nadagouda, N. lyanna, J. Lalley, C. Han, D. D. Dionysiou, R. S. 

Varma, in ACS S. ..a.. c2 Chem. Eng. 2014, 2, 1717-1723. 

(28] M. N. Nadagouda, R S. Varma, Green Chem. 2008, 10, 859-862. 

] . hin, A. S. Nair, V. J. Babu, R. Murugan, S. akrishna, Energ 

Environ. Sci. 2012. 5, 8075-8109. 

2) N. Talebian, 5.M Amininezhad, M. Doudi, Photochem. Photobiol B 129) . Kou, R. S. Varma, RSC Adv. 2012, 2, 10283-10290 

4U1, 120, 6u-73. 30) J. Kuu, R S- IciusCnern 2012, 5, 2435-2441. 
3] H. Lu, J. Wang, M. Stoller, T. Wang, Y. Bao, H. Hao, Adv. Mater. Sci. Eng9 (31) M. Shojaei Yeganeh, A R Kazemizadeh, A. Ramazani, P. Eskandari, H. 

Rabbi Angourani, Moter. Res. Express 2020, 6, 1250f4. 

(32) B. Baruwati, R. S. Varma, ChemSusChem. 2009, 2, 1041-1044. 

2016, 1-10. 

(4] J. Jiang, J.Pi, J. Cal, Bioinorg. Chem. Appl 2018, 1-18. 
I5) H. Mirzael, M. Darroudi, Ceram. Int. 2017, 43, 907-914 
16) V. Safanfard, A. Morsali, Ultrason. Sonochem. 2018, 40, 921-928. 

33] B. Eskandari Azar, A. Ramazani, S. Taghavi Fardood, A. Morsali, Optik 
(Stuttg) 2020, 208, 164129 

134] F. Moradnia, S. Taghavi Fardood, A. Ramazani, V. K. Gupta, J. Photochem. 7) X-W. Yan, M. Joharian, M. Naghiloo, R. Rasul, M-L. Hu, A. Morsali, Mater 
Lert. 2019, 252, 325-328 Photobiol. A 2020, 392, 112433. 

[8] X. Zhang. E M. Hicks, J. Zhao, G. C. Schatz, R P. Van Duyne, Nano Lett 

2005, 5, 1S03-1507. 
35] S. Taghavi Fardood, R Forootan, F. Moradnia, Z. Afshari, A. Ramazani, 

Mater. Res. Express 2020, 7, 015086. 
36) K Auak, A Ramazani, S. Taghavi Fardood, J. Photochem. Photobiol. A 19) GA Sotriou, S. E. Pratsinis, Curr. Opin. Chem. Eng. 2011, 1, 3-10 

[10 C H. Xue, J. Chen, W. Yin, S. T. Jia. J. Z. Ma, Appl Surf. Sci. 2012, 258, 

24uo-2+/ 
I11] X. Y. Dong. Z. W. Gao, K F. Yang, W.Q. Zhang. L W. Xu, Catal Sci. 

Technol. 2015, 5, 2554-2. 

2019. 382, 111942. 

(12) P. Lu, W Zhou, Y. Li, J. Wang. P. Wu, Appl. Surf. Scr. 2017, 399, 396-402. 
(13) J.Gajendiran, V. Rajendran, Mater. Lett. 2014, 116, 311-313. 
14] J Zhang, R. Tu, T. Goto, J. Eur. Ceram Soc. 2014, 34, 435-441 
[1S) R Saravanan, S. Karthikeyan, V. K Gupta, G. Sekaran, V. Narayanan, A. 

Stephen, Mater. Sci. Eng C 2013, 33, 91-98 
(16) 5. Das, V. C. Srivastava, Mater. Sci. Semicond. Process 2017, 57, 173-177. 

[37] M. Zare, K Namratha, s. Alyhamdi, Y. H. E. Mohammad, A. Hezam, M Zare, Q. A. Drmosh, K Byrappa, B. N. Chandrashekar, S. Ramakrishna, X. 
hang, Sri. ip. -i19, 9, 8303. 

(38] M. Khatami, R. S. Varma, N. Zafarnia, H. Yaghoobi, M. Sarani, V. G. Kumar, 

Sustain. Chem. Pharm. 2018, 10, 9-15. 

39 P. Panchal, D. R. Paul, A. Sharma, P. Choudhary, P. Meena, S. P. Nehra, J 
Colloid Interface Sci. 2020, 563, 370-380. 

40) M. Sorbiun, E. Shayegan Mehr, A. Ramazani, S. Taghavi Fardood, J. Mater. 

Sci. Mater. Electron. 2018, 29, 2806-2814. 

Chemistryseiect 2021, 6, 3995-4004 Wiley Online Library 4003 o2021 WIley-VCH GmbH 

NAMAKKAL 

37 206 



L hemistry LEurope 
Full Papers 
doi.org/10.1002/slct.202100413 

European Chenul 

Sucieties PLLlistun9 

ChemistrySclect 

411 S. Kaviya, E. Prasad, RSC Adv. 2015, 5, 25532-25532. 

142) S. SoBhrabnezhad, A Seifi, Appl Suit. ScI. 2016, 386, 33-40. 

143 2. Noohpisheh, 1. Amii, S, Farhadi, A. Mohamnadi-gholami, Spectro 
chim Acta Part A 2020, 240, 118595. 

IS1] S. Shanavas, A. Priyadharsan, V. Vasanthakumar, A. Arunkumar, P. M 
Anbarasan, S. Bharathkunar, J. Photochemm Photobiol. A 2017, 340, 96- 

108. 
I52] A. Malathi, V. Vasanthakumar, 

Ghanem, J. Colloid Interface Sci. 2017, 506, 553-563. 

53] V. Vasanthakumar, A. Priyadharsan, P. M. Anbarasan, 

Subramanian, V. Raj, ChemistrySelect 2017, 2, 9501-9510. 

I54] P. V. Pimpliskar, . C. Motekar, G. G. Umarji, w. Lee, 5. S. Arbuj, Photo- 

chem Photobiol. Sci. 2019, 18, 1503-1S1 

S5) G. E. Brown, V. E. Henrich, W. H. Casey, D. L. Clark, C. Eggleston, A. Felmy, 
D. W. Goodman, M. Grätzcl. 6. Maciel, M. I. McCarthy. K. H. Nealson, D. A. 

Sverjensky, M. F. Toney, J. M. Zachara, Chem. Rev. 1999, 99, 77-174. 

S6] V. Lakshmi Prasanna, R. Vijayaraghavan, Langmuir 2015, 31, 9155-9162. 

(S7 Y. Li, W. Zhang, J. Niu, Y. Chen, ACS Nano 2012, 6, 5164-5173. 

I58] V. Vasanthakumar, A. Saranya, A. Raja, S. Prakash, V. Anbarasu, P. Priya, 

V. Raj, RSC Adv. 2016, 6, 54904-54917. 

Arunachalam, J. Madhavan, M. A. 

144) R. Vijay, D. lenin Singaravelu, A. Vinod, M. R. Sanjay, S. Siengchin, M. 

Jawaid, A. Khan, J. Parameswaranpillai, ht. J. Biol. Macronol. 2019, 125, 

99-1 10S 

Muthumari, S. 

145) S. Christudas, T. M. Kulathivel, P. Agastian, Asian Pac. I. Trop. Med. 2012, 

, S159-5161 
46) J.D. Habila, I. A. Bello, A. A. Dzikwi, H. Musa, N. Abubakar, African J. 

Pharm. thamacol. 2010, 4, 123-126. 

47) V. Vinoth Prabhu, G. Nalini, N. Chidambaranathan, S. Sudarshan Kisan, 

Int. J. Pham. Pharm. Sci. 2011, 3, 126-30. 

4S] A. Jindal, P. Kumar, Nat. Prod. Res. 2012, 26, 2072-2077. 

49 S. Azizi, R. Mohamad, R. A. Rahim, A. B. Moghaddam, M. Moniri, A. Ariff, 

w.2 Saad, F. Namvab, Appl. Surt. Sci. 2016, 384, 517-524. 

So) Y. Cheng, L. An, J. Lan, F. Gao, R. Tan, X. M. Li, G. H. Wang, Mater. Res. 

Bull 2013, 18, 4287-4293. 
Submitted: February 2, 2021 

Accepted: April 19, 2021 

ChemistrySelect 2021, 6, 3995- 4004 Wiley Online Library 4004 2021 Wiley-VCH GmbH 

RI PRINCIAL 
PGP College of Arts and Science 

GE OA 

NAMAKKAL 

637 206 Namakkal. 



































67 

0 

0 

• . Mok-rular Ph)m > 

Synthesis and characterisation of fonnohydrazide 
derivatives as potential antimicrobial agents: molecular 
doc~ng and DFT studies 

Abstract 

- 0 t 



Molecular Physics 
An International Journal at the Inte rfa ce Between Chemistry and 
Physics 

ISSN: (Print) (On line) Journal homepage: httn'i_:/ /www.tandfon line.com/ loi/tmoh20 

Synthesis and characteri sation of formohydrazide 
derivatives as potential antimicrobia l agents: 
molecular docking and DFT studies 

S. Gunavathi, R. Venkateswaramoorthi, K. Arulvani & S. Bharanidharan 

To cite this article: S. Gunavathi , R. Venkateswaramoorthi , K. Aru lvani & S. Bharanidharan 
(2022) : Synthesis and characterisati on of formohydrazide derivatives as potentia l 
antimicrobial agents: molecu lar docking and OFT studies , Molecu lar Physics, DOI: 
10.1080/00268976.2022.2053219 

To link to this article: https: //doi .org/10.1080/00268976.2022.2053219 

• Published on line: 22 Mar 2022. 

[$' Submit your article to this journa l 8' 

~ ... ~ View re lated articles 8' 

@ Vi ew Crossmark data 8' 
Uo11 M.1k 

Full Terms & Conditions of access and use can be found at 
https: //www.tandfon line.com/action/journa llnformation?journa1Code=tmph20 



MOLECULAR PHYSICS e20532 19 
https://do1.org/ lO 1080/00268976 2022 2053219 

RESEARCH ARTICLE 

Ll Taylor & Francis 
~ lA, lt 1E. Jr,mc1~Group 

Synthesis and characterisation of formohydrazide derivatives as potentia l 

antimicrobial agents: molecular docking and OFT studies 
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ABSTRACT 

A novel series of formohyd razide derivatives (3a-3j) were synthesised and characterised by FT-IR, 
1 H and 13C NMR spectral techniques. The geom etrical parameters of compound 3d were calcu

lated by using the OFT m ethod B3LYP/6-3 l l -H G(d,p) basis set. The title molecule's d ipole m oment, 

polarizability, and first-order hyperpolarizability were calculated and interpreted. The HOMO- LU MO 

transition occurs when a molecule undergoes intra-molecular charge transfer. The reactive sites of 

the molecule are studied using the Molecular Elect rostatic Potential (MEP) surfa ce. In addition, using 

the DFT/ B3L YP/6-311 ++ c :d,p) :eve: ~fl,1eory, the Mulliken ato1 nic ch.:.;ges 0 1 ca;:.,::,,,, nitrogen, oxy

gen, chlorine, and hydrogen atom s were determined. The compounds 3a-j were tested for their in 

v itro antibacterial activity against five bact erial strains viz., Gram-Posit ive bacteria species Entero

coccus faecalis, Staphylococcus ourous and Gram-Negative bacteria species Escherichia coli, Klebsiella 

pneumonia and Pseudomonas aeruginosa. The tested antimicrobial activities of the compounds were 

compared with the standard drug of Ciprofloxacin for bacteria and Ketocanazone for fungal. The 

compounds 3c, 3d and 3e showed excellent antifungal act ivities than the standard fungal strains. 

Molecular docking analysis was used to invest igate the interaction of t he t itle compound with a 

target protein. 
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1. Introduction 

The synthetic O rganic Chemistry field is leading lo new 

drug design, synthesis, and development of bioac\ive 

molecules. Heterocyclic compounds have been the focus 

of particular attention from chemists because they are 

in the structural core of many synthetic and natural 

drug molecules [I]. Among them, nitrogen-containing 

J11:,anic ~c~1cl;c coIT1r 111nrlc: a· t ,.,,r ~1 ...... .:.t ;.,1po: ta11~- in 

life science. Because they have the diversity of elect ronic 

... .t.lLLUre, al, ... 1._:u,.t in naturr. eeo1netr, . .) ~lhJnits i·· , u l , 

ural product, intermolecular interaction, easily bind with 

enzymes and also fi nding increasing use as intermediate 

in m edicinal chemistry. 
For the synthesis of new drugs, small m olecules 

have played an important role because they have low 

molecular weight, are easily ingestible, are immedi

ately absorbed, easily penetrate cell membranes, and are 

capable of modulating biochemical processes [2]. Small 

•iolPrnlc :lrnos :nc;ude Ts0•~ :.1zid, C'1lornp,.c 1. ~ 7 ;'1e, 

Chloroquine, Chlorpromazine, Barbituric acid, Capto

pril , Diazcpam ,1. • . : .', .. idoth;•·:. ;,: : .. -: have bern contin 

ued lo dominate in the pharmaceut ical field [3] due 

CONTACT R. Venkateswaramoorthi G) eswarchemistry2011 @gmail.com ~ Department of Chemistry, PGP College of Ai ts and Science, Namakkal 637 207
· 

Tamil Nadu, India 

c 2022 lnforma UK limited, trading a~ Taylor & Francis Group 

~ 
11:..•. 
·,·. ~. 
\ ·.'.J . 
' ·~ -

···~ 



2 9 5 GUNAVATHI ET AL 

to their str uc ture, fun ct ion, pote ncy, 111l'J1unal mage,, 

l'ase lo make, and lu ghly proiltahlc. N1l rogt·n -rn11ta1 11111 g 
sm all m ob:ulc s, pHl iculJrly hyclr.1 ·10m·s 111 IJ FT [•t- 8\, 

Dockin g [9, 10], lnhibil1011 [I I \ and spccl10,n1p1 c [12] 

studies we re investigated and s1gnific,111l ex tensivel y 

used building blocks in ph.1r1n,1ceul1c,d drug di ,cuv 
cry systems s;1 .:h .I ' i\nl1c,111 ccr [ 13- 1 S], ,\ nl 1h ;-pe r:cn 

siYc [16 ], Anlikish111 ,111i.d [1 7 ], i\n li-111flam111atory [18], 

i\ntituberculos1s [ 19], An tim icrobi al [20,2 1 ]. Anl1ox1 

danl [22,23] . Anti prolife rative [2,1.2~], Anl1lu111m1r [2(,] 
and Anti\'iral [27] ac tiv ities . 1 lydr,t70IH'.~ h ,tve fun c 

ttonal di\'Crsily o f C = N -N m oil'ly and lhl' ~l 111c lu1 l' 

shows nuclcophili c iminc , dcctrnphil i.: and nucl coph ihc 

char,t cln carbon , the intrinsic nature of C = N bond 
and ace tic NH proton ,llld whi ch arc det ermin ed th e 
physical and ch em ical properties of th e correspondin g 
biomolecules [2S ]. 

Acyl hydr 1 zo t" h ,tvt' b een investigated and uscrl i• 
th e medicinal field as ..:ommonly prescribed m arke ted 
drugs beari ng -CO-N- N = functional group [29] and 
which b eh aYe as chelatin g ligands to the forma l ion of var
ious hydrazone com plexes [30] and much al tent io n to the 
invest igat ion against various diseases. According lo the 
above statistics and applications of hydrazones, we have 
plan ned and synthesised a series of small molecules of 
acyl hydrazones and analysed th ei r spectral , theoret ical 

and biol ogical properties. 

2. Experimental 

2. 1. Materials and methods 

The reagent and solvents were purchased from Merck 
commercial suppliers without further purificat ion. 1 H 
NMR was recorded at 400 MHz and 13 C NMR spec

tra at lOOMH z on a BRUKER model using CDC13 and 
DMSO as solvent for all th e compoun ds. Tetra methylsi
lane was used as an ... ,ernal standard for all NMR spectra . 

The melting poi nts of th e synthesised compounds were 
measured in open capillaries and are uncorrected. T hi n 
layer ch rom atography was performed with Alum inium 

sheet-silica gel-coated 60F254 purchased from Merck. 
The column chromatography with silica gel 100-200 
mesh using Benzene: Ethyl acetate (9: I ) as eluent and 

spots were visualised under the iod in e chamber. The 
crys talli sation of all th ,, tar_get com r ounds in double

dist111ea ethanol. JR data was collec ted fro m the JASCO 
FT-JR spectrometer 11 si 11 ': KBr pell ets 

2.2. Synthesis of compounds (3a-3j) 

The condensation of formic hydrazide (0 .02 mol) wi th 
various aromatic aldehydes (0.02 mo!) in the presence o f 

a cataly ti c amount of acetic aud 111 Fthanol and Chlo
roform ( I 1) under reflux The progres s of the reaction 

w ,1 , 1110111 l< >rcd by th111 layer chromatography and after 

curnplcl1u 11 of th e rcJcl10n , the n:act1on mixture wa5 

poured 1nlo Ill' The crude targe t compounds \\-ere fil 

tcrcd , washed w ith d 1st 1lled " ·ater and dri ed The prcc1p-

1l ,1l c w,1 , reuyst,!l li,cd by [th ~;,ol 

2.2. 1. (E) -N'-benzylideneformohydra zide (3a) 
Whil e colour, Sol id , Yield . 78%; m .p : 148-150°C, MF 

CKll 8 N2CJ ( l,t fl 06) , Eleme ntal analys is Calcd . (~o) C, 

6'1 .8S, 11 , S ,t,t , N, IH .91 ; 0 , 1080; !R (c m 1):1684(C = 
0 ), 3 186(N I I), 1622(C = N), 3059-2836(CH ); 1 H NMR 

(C!JCl ,, /400Mll;,.) : li 9.8(\, I ll , NII ), 8.81 (s, II!. C IIO ); 

7.66( 5, 111 , Cl I), 7.25 -7.87(A roma lic proto ns); 13 C 
NMR(CDCl3, /4 00MII,.) 166.2(CHO) , 146.7(CH = ?\'), 

127.3 - 162. 1 (Arornal1 c C:a rhon~) 

2 .2.2 . (E)-N '- (4-methoxybenzylidene)formohydrazide 
(3b) 
Brown colour, Solid, Yield : 76%; m.p .:26 l -263°C; MF: 
C9H 10N 202 ( 178.07); Elemental analysis Calcd. (%):C. 
60.66; H, 5.66; N, 15.72; 0, 17.96; IR(cm - 1): l658 (C = 
0), 3 l 47(NH) , 1598(C = N ), 2995 -27 55 (CH ); 1 H NMR 
(CDCl 3, 400MHz): 8 IO.l5(s , IH, ~H ).8.78(s, IH, 

CH O); 7 BO(s, IH, CH),3.85 (s, 3H,OCH _; ) ,6.91-7.61 
(Aromatic protons); 13 C NMR(C DCI_;, 400MHz): 165.8 
(CHO), 146.4 (CH = N ), 55.3(0CH 0) 114.2-162.0 
(Arom ati c Carbons) . 

2.2.3. (E)-N'-(4-fluorobenzylidene)form ohydrazide 
(3c) 

Wl.i,L colour, SoliC:, Yi.:ld: 74"6; m .p .: ; 70 - l 72°C; 

MF: CsH 7FN20 (166.05); Elemental analysis Calcd. 
'.

0
/. '·C, 07.8:; H. 4.25; F, 11 1!3; 1'' , "~:' : '), '.?.'i3; 

IR (cm - 1): 1699(C = 0),;\1S4(NH), 1599(C = N) , 3058-

2828(CH ); 1H NMR (CDC!_;, 400MH z ): 8 9.85 (s, 
II-I , NH), 8.79 (s, 1!-1 , CHO); 7.82(s. 1H, C H ), 7.08-

8.62 (Aromatic proto ns); 13 C NMR (CDC!., . 400MHz): 
165.7(CHO), 144 .6(CH = N), 11 5.6- 164.8 (Arom at ic 
Carbons). 

2.2.4. (1:)-N'- ( 4< hlo ·obenzvk~~ne )formohyd·azidc 
(3d) 
"-" ~·.v coln1· ··, r ~1id, Yield : 80%; mr '.~.~ 1S6°C· ~.'. ..... 

C8 H 7ClN 20 ( 182.02); Elem ental an alysis Calcd. (%):C. 
52.62; 1-1 , 3.86; Cl. 19.41; N , 15.34; 0, R.76: IR(cm - 1 

) : 1676 
(C = 0) , 3 193(N I-1), 1608(C = N), 3063 -27 17(CH); 1H 

NM R(CDCl_1, 400Ml-1 7 ): 8 9.S(s, 1 H, NH) , 8.8 1 (s , I H , 
C HO); 8.11 (s, 1 I-1, CH) , 7.26-7.78(Aromatic protons); 



13C NMR(CDCl3, 400MHz):165.5(CHO), 144.9(CH = 
N), 128.4-161.1 (Aromatic Carbons). 

2.2.5. (E)-N'-(3-f/uorobenzylidene)formohydrazide 
(3e) 

Yellow colour, Solid, Yic:d: 72"/o; m.p.:143-145°C; MF: 
Csl-h FN2O (166.05); Elemental analysis Calcd. (%):C, 
57.83; H, 4.25; F, 11.43; N, 16.86; 0, 9.63; IR(cm- 1 ): 1688 
(C = 0), 3!62(NH), 1614(C = N), 3061-2845(CH); 1H 
NMR(CDC13, 400MHz): li 8.61(s, lH, CHO); 7.6 1 (s, 1 H, 
CH), 7. 14-7.59(Aromatic protons); 13C NMR(CDC13, 
400MHz):164.2(CHO), 144.l(CH = N), 114.4-161.7 
(Aromatic Carbons). 

2.2.6. (E)-N'-(3-ch/orobenzy/idene)formohydrozide 
(?CJ 
Yellow colour, Solid, Yield: 68%; m.p.: 145- 14 7°C; 
MF: CsH7ClN2O (182.02); Elemental analysis Calcd. 
(%):C, 52.62; H, 3.86; Cl, 19.41 ; N, 15.34; 0, 8.76; 
IR(cm- 1):1716(C = 0), 3172(NH), 1628(C = N),3074-
2853(CH); 1H NMR(CDC13, 400MHz): li 8.60(s, lH, 
CHO); 7.87(s, IH, CH), 6.94 -7.79(Aromatic protons); 

AcOII 

Reflux 

l 

3 a - J 

2 

H 

---~ f. 01,· 
Scheme 1. Synthetic route for compounds 3 · 
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13c NMR(CDCl3, 400MHz):165.3(CHO), 144.4(CH = 
N), 114.2- 162.0(Aromatic Carbons). 

2.2.7. (E)-N'-(3-methylbenzylidene)formohydrazide 
(3g) 
White Lv'.our, Solid, Yield: 70%; m.p.:142-14-!"C; MF: 
C9H 10N2O (162.08); Elemental analysis Calcd. (%):C, 
66.65; H, 6.21; N, 17.27; 0, 9.86; IR(cm- 1 ):1693(C = 0), 
3187(NH), 1613(C = N), 3070-284l (CH); 1H NMR 
(CDC13 , 400MHz): li 10.09(s, lH, NH),8.8l(s, lH, 
CHO); 7.86(s, 1 H, CH), 2.37(s, 3H, CH3), 7.21 -8.82 
(Aromatic protons); 13C NMR(CDC13 , 400MHz): 166.2 
(CHO), 147. l (CH = N), 21.2(CH3), 124.7-162.3 
(Aromatic Carbons). 

2.2.8. (E)-N'-(3-mf ·h ixybenzylidene)formohydrazidP 
(3h) 

Yellow colour, Solid, Yield: 68%; m.p.: 156-l 58°C; MF: 
C9H 10N2O2 (I 78.07); Elemental analysis Calcd. (%) :C, 
60.66; H, 5.66; N, 15.72; 0 , 17.96; IR(cm- 1): 1682(C = 
0 ), 3195(NH), 1602(C = N), 3057-2706(CH); 1H NMR 
(CDCl3, 400MHz): li I 0.48(s, I H, NH),8.8 1 (s, I H, 

Entry R1 R2 R1 X 

3a H H H 0 
3h H J-f OCH.1 0 
3c H H F 0 
3d H H Cl 0 
3e H F H 0 
3f H Cl H 0 
3g H CH1 H 0 
3h H OCH3 H 0 
3i Cl II II 0 

3i <:H1 H J-I r ) 
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H 

\ 

3 2 
/o 

N-N 

I/ \ ~ 
H 

Figure 1. Numbering of the compound 3d. 

CHO); 7.89(s, IH, CH) , 3.85(s, 3H, OCI-1 3), 6.95 -
7.37(Aromatic protons); 13 C NMR(CDC13, 400MHz): 
166.2(CHO), 146.7(CH = N) , 55.3 (O CJ-:1 3),1 l 1.0-161.9 
(Aromatic Carbons). 

2.2.9. (E)-N'-(2-chlorobenzylidene)formohydrazide 
(3i) 

Yellow colour, Solid, Yield: 70%; m.p.: 140-14 2°C; MF: 
CsI-hClN2O (182.02) ; Elemental analysis Calcd . (%):C, 
52.62; 1-:1, 3.86; Cl, 19.41; N, 15.34 ; 0, 8.76; IR(cm- 1 ) : \ 707 

H 

\ 

(C = 0), 3 l 51 (NH) , l 650(C = N) , 3072-2846(CH); 1 H 
NMR(CDC13, 400MHz): 8 9.08(s, 1 H , CHO) ; 8.21 (s, 1 H , 
CH) , 7.25 -7.44(Aromati c protons) ; 13 C NMR(CDCl3, 
400MH,.): 164.l(CHO), 144.l (CH = N) , 127 .0 -1 59.1 
(Aromatic Carbons). 

2.2. 1 o. (E)-N'-(2-rr.eth, IL ·enzylidene)formohydrazide 
(3j) 
Yellow colour, Solid, Yield: 60%; m.p. :82-84°C; MF: 
C9H 10N2O ( 162.08); Elemental analysis Calcd. (%): C, 
66.65; H, 6.21; N, 17.27; 0, 9.86; IR(cm - 1 ):1706(C = 0), 
3202(NH), 1607(C = N),3059-2853(CH); 1H NMR 
(CDC13, 400MH z): 8 8.99 (s, l H , CHO); 8.05(s, lH, 
CH), 2.54(s, 3H, CH3), 7.2 l -7.35(Aromatic protons); 13 C 
NMR (CDCl3, 400MHz ): l 60.7(CHO) , l 38.8(CH = N) , 
l 9.6(CH3), l 26.3- l 32.2(Aromatic Carbons). 

2.3. Compurational details 

The qu antum chemi cal calcul ations for 3d were done 
by us ing Gaussian 09W programme package [31] with 
th e help of DFT/B3LYP/6-3 1 l++ G(d,p) basis set. The 
bond parameters, NLO, FMO, MEP, and Mulliken 

100 
3 2 ;-- 0 l Cl-0-<-\ / 

t--

80 '~, ~ '~'· ' /fl 
1:r---r 11 ' 

so - · I 

,, ! /' 

/1 

! (! 11 
40 

20 

i\ / 
Nn ---==--._ \/ 1 / ,m 

3193-- I \ 

1
,1/ 

3063 "'v·11 (\ / 2eso 

2945 I t \, 

1 I, 1 l 1 

~l
1
€ oa \ /"- "--1oe2 

1361 
1676 : ~ 

\

I 126e 

CHO - -c,,.._. \/ 
0 .----,.-,--~-,----,----,---,-----,-~-..---r---,------.--~ 
4000 3500 3000 2500 2000 1500 1000 500 

Wavelength(cm·•) 

Figure 2. IR spectrum of compound 3d. 
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Table 1. Physical data and IR Spectral analysis of 3a-3j . 

Entry Entry Colour Yield Nature 

3a Ph White 78 Solid 
3b 4-OCH i Brown 76 Solid 
3c 4-f White 74 Solid 
3d H I l ite Ye ll ow 80 Solid 
3e 3-F Ye llow '2 Solid 
31 3-CI Ye ll ow 68 Solid 
3g 3-CHi Wh ite 70 Solid 
3h 3-OCH i l ite Ye llow 68 Solid 
3i 2-CI Ye llow 70 Solid 
3j 2-CH 3 Ye llow 60 Solid 

atom ic charges were calculated and analysed using the 
DFT/B3LYP/6-31 l + + G(d,p) method. Docking compu
tations were carried out on Mycobacterium Tuberculosis 
Inhibitors enzyme protein model [32]. Essenti al hyd ro
gen titl es, Kollman united snippet type charges , and sol 
vati0 1 r -~ nete rs ·.vere added with th-0 airl d A t, Dock 
tools [33]. 

3 _ Results and discussion 

Formic hydraz1dc hydrazon e derivatives we re synthe
sised a\ de\crihcd 111 '.'>c hemc I The condensation reac 
t ion of for mic hyd raz1(k with variou~ aromatic aldchvdcs 

CHO 

NH J 

10 

.. romatic 

Proton~ 

J I I 
J ' 

Figure 3. ·H , 11° soectrum o' compc;un: 3d 

IR (c m 1) 

m -p(' C) C = 0 N-H C = N C-H 

148-150 1684 3186 1622 3059-2836 
26 1-263 1658 3147 1598 2995-2755 
170-1 72 1699 3184 1599 3058-2828 
184-1 86 1676 3193 1608 3063-2 717 
143-145 1688 3162 161 4 3061-2845 
145-1 47 1716 3172 1625 3074-2853 
142- 144 1693 3187 1613 3070- 2841 
156- 158 1682 3195 1602 3057- 2706 
140-142 1707 3151 1609 3072-2846 

82- 84 1706 3202 1607 3059-2853 

in the presence of a catalytic amount of ace ti c ac id in 
ethanol and Chloroform (1:1 ) un der reflux fo r 3-4 hrs 
led to target compounds in good yield. 

3. 7. IR spectral studies of 
(E)-N'-(4-ch lcro:ier,iyli~~nc) formohydrazide (3d) 

The numbering scheme of the compound is shown in 
Figu re I The FT-IR spec trum of compound 3d was 
recorded in the regi on of 4000- 400 cm- 1 as shown in 
Figure 2. The fo rmation of t.1rge t compounds 3a-3j were 
confi rmed b,· d1s.1ppearJJ1 cc of ba nds at 3400- 3300 cm- 1 

(correspond in g to - NI [2 group of formi c hydrazidc moi 
ety) and 1690-1740 cm 1 

( CHO group of Aromatic 

0 ppm 
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Table 3. 13C Chemical shift values of 3a-3j . 

Entry SUBS CH= 0 

3• Ph 166 2 

l b 4-0CH1 165€ 

Jc 4-F 165 7 

3d 4-(I 165 5 
3e 3-f 16<2 
31 3-CI 161 3 
3g 3-CHi 1662 

3h 3-0 CH1 16' 2 
J i 2-CI 164. 

3j 2-CH , 16'.:J i 

CH = N 

146 7 
146. l 
14< 6 
i ~l: 9 
144 . 

14"4 
147. 

145 7 
14l . 

13a e 

13c NMR (,I. ppm) 

Aromatic 
OCl-'1 CH1 CH 3 carbons 

127 3-162 1 

553 1"<2· 162 0 
1. 5 6-16< S 
128 <- i6i 1 
1. 4 4-16. , 

i "l2·162 0 
21 2 i2l 7-162 3 

,1 3 1· · 0-1&19 

i2i0-1 591 
19 6 126 3-"322 

Low intem1ty peak, appeared at the downfield region 

at 144.9 ppm is due to a7<lnJtrile IC = :,,: The signals 

obtained 1n thL range of 128 4 161 1 r:---r a-e du. tC' 

the aromatic ca rJ,,in , of th<: orgrt uimpound< /Tab,~ 2 

Figure ; ,bowed the po,qhJe F and 7 'r>rm of ,arget 

wmpounds 3a-j 

I 
f 

r◄ 

IIN 

E Ji1nn 

0 

Jw -., 
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3.3. OFT study 

3 .3. 1. Molecular geometry 

The titl e molecule belongs to C1 point group harmony. 

The op timised molecul,1r struc ture of 3d is shown in 

Figure 6, " ·ith the numbering scheme adopted in this 

studr The calculated geomet rical parameters of 3d were 

calculated b,· B3LYP with 6 -31 l ++G(d,p) basis set arc 

listed in Table -l . The C-C bond lengths of si x-m embered 

rings are relatiwlr equal to l. 39A/ FDI.YP with some 

exceptions. Because 111 benzene, ,ill the C-C bond lengths 

are equal (equal distribution of :T -clectrons around the 

benzene ring). In th is study. the benzene ring bond angle 

\·alues ,,·ere near!~· around 120°. The dihedr,tl angle values 

reYeal the p!dnar ofth<.' present 1110!.:culc. 

3.3.2. NLO property 

\-1hrat1onal ,pectro.scop,· w .i,s used 10 11n·c.s l ,gale many 

01gani. ,Pm~,oun,b pos,es,11,g cu11juga,1.:d f' 1.:1ectrun~ 

that have lJrgc mult'cul ,1r firs t hyperpoL1riz,1bili ty lnt ram 

olecullr cl1ctrge tran <te, lrn111 the dn11 n1 to ,1cceplor 

R1 N 

lltl 

,, Jonn 

• 
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Table 4. The optimised bond parameters of 3d. 

Bond lengths (A) DFT Bond lengths {A) DFT 

R( l,2) 1.3952 R(S,6) 1.3951 

R(l,6) 1.3948 R(5,10) 1.0998 

R{l,7) 1.0996 R(6,19) 1.76 

R{2,3) 1.394 7 R(ll ,15) 1.47 

R(2 ,8) 1.0997 R(ll,16) 1.47 

R(3.41 1.3954 R(l3,14) 1.07 

R(3,13) 1.47 R(l3.15) 1.47 

R(4,5) 1.3948 R(16,17) 1.07 

R(4,9) 1.0997 R{16,18) 1.43 

Bond Angles (°) DFT Bond Angles (0
) DFT 

A(2,1.6) 119.999 A(6,5,10) 119.984 

A(2,1 ,7) 119.997 A(l,6,5) 120 

A(6,1,7) 120.004 A(l,6,19) 120.008 

A(l.2.3) 120.009 A(5,6,19) 119.992 

A(l,2,8) 119.981 A(12,11,1 5) 109.471 

A(3,2,8) 120.011 A(12,11,16) 109.471 

A(2,3,4) 119.994 A(15,11,16) 109.471 

A(3,4,5) 119.994 A(14,13,15) 110.782 

A(3.4.9) 119.981 A(l 1,15,13) 109.471 

A(5,4,9) 120.025 A( l 1,16,17) 109.471 

. (4 ;,6) 120.005 A'l l ,1 18 109 4 71 

A(4,5,10) 120.011 A(17,16,18) 109.471 

Dihedral Angles (0
) DFT Dihedral Angles (0

) DFT 

D(6,1,2.3) 0.0323 D(4.3, 13, 14) - 179.l 

D(6,1,2.8) 179.953 D(4.l,13, 15) 59.9914 

D(7.1,2,l) - 179.97 D(3,4,5,6) 00131 

D(7,1,2,8) - 0052 D(3,4,5, 10) - i80 

D(2,1,6.5) 0.0149 D(9.4,5,6) - 179 96 

D(l,1.6,19) 179.989 D(9.4.5, 101 0 03 1 

D(7,1.6,5) - 179.98 D(4,5,6,1 ) 0 037~ 

D(7,1 ,6,19) - 0.0055 0 (4,S,6, 19J 179 988 

D(l ,2,3,4) - 0 0568 0 (10,5,6,1) 1 79 9 75 

D(l,2,3,13) 179 962 0 (10,5,6,19) O 0007 

D(B,2,3,4) - 179 98 D[17,11 .1; ,ll) 1091 76 

D(2,3,4,9) - 180 D(17,11 , 16,1 8) 48 057 

D( l 3,3,4,5) - 179 98 1)(1 5, 11, 16, I 7) 11 9434 

D(2,3, 13, 15) - 120 03 D[14,13,15,11) 4-4 ~36 i 

grou p throu gh a s ingle- double bond COnJug,1ted d 1annt:I 

can ~ause subs•~.nlial fbctu atic 1·.~ ... '.,oth 1hc molecu1:r 

dipole mom ent and polari7,1h1lity. resulting 111 high IR 

a"ci Raman act ivity. 

In th is study, the dipole m oment and fi rs t hyperpo

larizahi lity (µ and /lo) of 3d are calculated using the 

B3LYP/6 -3 I I ++G(d,p ) basis set. Table 5 shows tht> com

puted dipole m om ent and first hyperpolarizabtl1 ry , ·al 

u es, which are 1.16904 Dehye and 3 15183 x 10 - >0 esu, 

respec tively. In which the fi o value is eight times 

greater than that of urea . This result shows tha t the 

title molecule has good NLO act1viry in the present 

3.3.3. NBO analysis 

Table s. The NLO measurements of 3d. 

Parameters 

Dipole moment /11) 

,.,. 
µy ,,, 
/l 

l'olarizability (ao) 

Hyperpolarizability !/lo) 
fl.,,., 
f/ny 

f/"YY 

f/yyy 

fl,.,, 
/1'<'{1. 
f/yy, 

flra 
fly,, 
flw 
Po 

83LYP/ 6-3 l 1 ++G(d,p) 

Debye 
- 0.9209865 

- 0 .5789669 

- 0.4280609 

1.16904 Debye 

x10-30 esu 

25 7.5269920 

4 .570572 1 

98.2888 119 

- 0.5936327 

25.1 196493 

85.0622461 

0.38416 x 10- 30esu 

x10- 30esu 

342.5658189 

- 61.6945000 

1.2139216 

-47.3843282 

- 52,8885826 

45.4622600 

- 21.; 854326 

- 19.9707224 

- 22.7644038 

- 29.3502052 

3.15 183 x 10- 30esu 

Standard value for urea (11 = 1.3732 Debye, Po = 0.3728 x 10- ' 0esu): 

esu-electrostatic unit. 

7 (C- C ) and ;r * (C- C ) the orbita ls, wh ich results in intra 

molecu!Jr c harge t ransfer, appearing in the molec ul ar 

,\'stem 

In the p resent , tudy, the NBO a na lysis mainly focused 

o n tht 7 e lect ron trans fe r because it leads lo sev 

eral 1n trJ molecular cha rge delo ca lis at io ns w ithin the 

r11olcc ule 1 ht I:'
21 

va lue, a nd types o f the trans itio n arc 

\ hown 1n !"able 6. In the \ame way, rr(C2 -C3} bond trans 

fer\ 90 5-1 KJ/mol of energy to 7T ,;,(C I -C:6) a nd ,r (C I -C6) 

hon <l t ramfcr\ 77.36 KJ/mol 01 e ne rgy to 7T * (C,2 l:3), 

re;pec tJvdy ·r h1; hond a lso a ffec t; the vibra tio n al frc -

qut ___ , _,, ,;,c C.. < ~ bond in the Lenz" IL , : . ,g. -;-; 1c 

lone pair atoms such as O and Cl have dclo ca lised more 

hyp er conjuga11ve e ne rgies with one and each o th e r. It 

1, e,·,d ent from Table 6, the lone pair a tom O I 8 a nd 

C l I 9 trans fers about 42.47 a nd 53.26 KJ/mol lo N I 1-

CI 6 and CI -C6, respectively. In addi t ion rr* -7T * transfer 

more c:nergits from C I -C6 lo anti -bondi ng orbital; C2-

C3/ 837. 18 KJ/ >-10I and C4 -CS/64U.53 KJ/Mo l, rc,pcc

ti\'ely Hence, these resul t shows that the t itl e molecule 

is m o. . - ,-,,.,lica1,iL 10 the bi.,:ng1cal a nd .. ,cJiLinaJ 

field 

NBO analysis of 3d h as been performed, in order to 3.3.4. HOMO- LUMO analysis 

explain the intermolecular charge transfer and delo- The frontier molecular orbi tals play an important part in 

cahsation of rr -electrons. The intra-molecula r hnier the electric and opt ic parcels and chemical responses. T he 

'°"iuga<ise '""'"'''" is due <u <he ueedap ben,·ee" ){h:;>~ -UMQ "' <he mai" u,biial, <ha< <ake pan 

(/2.:>'/ ~ .P~ , 

1 :..i -V,1A-,"'1< ~ 
,, ~· ' J7 l<-1, . 

- . z,,fJ - ,,, 
.:,_ ~ 

~~ -~ 
~_?:-::0 



Table 6. The NBO analysis of 3d. 

Type Donor N80 (i) ED/e Acceptor N80 (j) 

a -a * 80(1 ) C1-C2 1.96946 80• (1)(1-(6 
8D• (ll C6-Cl 19 

a -rr * 80 (1) Cl-(6 1.9797 80*(1) (1 -C2 
80*(1) C5-C6 

TT -JT * 80(2)(1-(6 1.65918 80*(2) (2-(3 
80• (2) C4-C5 

(f -(1 * 80(1) C2-C3 1.96904 8D• (l)C1-C2 
80• (1) C3-C4 

rr -rr * 80(2) C2-C3 1.6255 80•(2) (1-(6 
80• (2) C4-C5 
80• (2) C13-N15 

a-a* 80( 1) (3-(4 1.97238 80• (1) C2-C3 
7f -JT* 80(2)C4-C5 1.6566 80*(2)(1-(6 

80;(2) (2-(3 
7r -IT* 80(2) C13-N15 1.93513 80•(2) C2-C3 

80• (1) C13-N 15 
n -rr * LP(2) 018 1.93168 80•(1) Nl 1-( 16 
n -rr * LP(3 ) ( 119 1.92 127 80• (2) (1-(6 
IT*-H* 80•(2) ( 1-(6 0.38925 80• (2 ) (2-(3 

80• (2) C4-C5 

in ch emical stability. The HOMO represents th e capa 

bility to contribute an electron, LUMO as an electron 

acceptor represents th e capability to gain an electron. The 

energy gap fo r 3d was calculated using th e B3LYP/6 -

311 ++G( d,p) level of theory. The bioact ivity and chem 

ical activity of the molecule depends on the eigenvalue 

of HOMO, LUMO, and energy gap. In the title com 

pound 3d, the HOMO is located over ent ire mol ecule 

except few hydrogen atoms an d th e energy is calculated 

at about -8.17959 eV. The LUMO en ergy occupied in 

the whole molecule except a few C and H atoms and 

measu red th e LUMO value is -3.00398 eV. The energy 

gap of HOMO and LUMO could be determined at abou t 

5.17561 eV, which leads the molecule to become less sta

ble and more reactive. The frontier molecular orbit al of 

3d (HOMO- LUMO) is shown in Figure 7. The physico 

chemical properties of ~d are !is•c--l ;:1 Table 7. Gauss

Sum 2.2 Program [37] was used to calcul ate group con

tr ibutions to the molecular orbita ls (HOMO and LUMO) 

and prepare the density of the state (DOS) as shown in 

Figure 8. 

3.3.5. MEP analysis 
Molecular electrostatic potenti al (MEP) provided the 
electrophiles tend to negative region and nucleophiles 

tend to the region of positive. T he implicit increases 

is in the order of red < orange < yellow < green < 
6111 : The diff~: 2n t n lue~ ')f .he c1ectrostat:r ootf'nt;:.'. JI 

the su r face are represented by different colours; red rep 

resents re;_{ - --. .- ;: f most -: :,:;::ive electrostatic p0t ---_:'-_! 
(prefe rred site for electrophilic), blue represents regions 

of most positive electrostatic poten tial (preferred site 

for nucleoph ili c) and green represen ts regions of zero 

potential. The MEP diagram was calculated with the 

B3LYP/6-3ll++G(d,p) level of basis set and is shown 
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ED/e E<2) KJ/mol E(j)-E(i) a.u. F( i,j) a.u. 

0.02807 14.43 1.26 0.059 
0.032 20.25 0.85 0.057 
0.01495 12.22 1.3 0.055 
0.0281 14.31 1.29 0.059 
0.37843 77.36 0.3 0.067 
0.29557 76.~ 1 0.3 0.067 
0.0 1495 11.63 1.28 0.053 
0.02657 17.7 1.28 0.066 

0.38925 90.54 0.27 0.069 
0.29557 78.66 0.29 0.067 

0.13765 57.99 0.23 0.054 

0.02439 17.03 1.27 0.064 

0.38925 89.12 0.27 0.068 
0.37843 85.3 1 0.28 0.068 

0.37843 38.37 0.37 0.057 

0.01983 5.56 0.62 0.026 

0.05307 42.47 0.54 0.067 

0.38925 53.26 0.32 0.062 
0.37843 837. 18 0.02 0.084 
0.29557 640.53 0.02 0.08 

Lumo = -5.17561 cV 

~ 
,, -

,C. . . " ... 

;:) j;) 

Encrgygap = 3.00398 c\' 

llomo= -8.17959cY 

Figure 7. The Frontier molecu lar orbita l of 3d. 

Table 7. The Physico-chemica l properties of 3d. 

Parameters 

HOMO 
LUMO 
Energv ga!J 
lon,sation pot en tic: ::, ; 
Electron affi nity (EA) 
Hardrii::it·r ';) 

I 

Values 

-8.17959 eV 
-5.17561 eV 

3.00398 eV 
8.17<tj: A 
5.1756 1 eV 

-~.00398 eV 

in Figure 9. The MEP surface ind icates the negative 

region is observed over the C-0 group of the molecule; 

hence this site is possible for the electroph ilic attack. The 
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Figure 8. The DOS spectrum of 3d. 

Figure 9. The MEP surface of 3d. 
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positive region is observed al all hydrogen atoms in this 

molecule. 

3.3.6. Mulliken charges 
The '~-- ''. :'<e n charges provi r1r ... : '. :: tomir :· ~;- ·.:1alions 

in th e m olecule while electrostatic potentials yi eld the 

elect ric fi eld out of the molecule produced by the inter

nal charge dist ribution. The charge dist ributions are cal 

cul ated by the Mulliken method using the B3LYP/6-

3 l l + + G(d ,p ) basi s set and atomic charges were listed 

Table 8. The Mulliken and APT charges of 3d. 

Atoms Mull iken Charges 

l C - 0.803785 
2C - 0.639857 
3C 0.150295 
4C - 0.011 994 
SC - 0.4383 01 
6C 0.496054 
7H J .1884~'.i 
8H 0.16594 1 
9H 0.207872 

0.196293 
11N - 0.0611 88 
12H 0.276259 
13C - 0,27861 

14H 0.104924 

15N 0.055104 
16( 0.10092 
17H 0.131406 

180 - 0.302831 
19(1 0.4630 73 

APT Charges 

- 0.147522 
0.000294 

- 0.040611 
- 0,021188 
- 0.158912 

0.495209 
~.061314 
0.039555 
0.066432 
~-~50.;3: 

- 0.871335 
0.121263 
0,271731 

- 0.017922 
0.18099 
1.384413 
0.015514 

- 1.033373 
- 0.406337 

in Table 8 and th e corresponding Mulliken plot is shown 

in Figurp " .'. '.:!ie C l 6 -::. .. '.: ~ n atom has a more t · ~;t;·:e 

charge than the other atoms, which is attached to the 

chlo rin e atom . The negative charge is observed at elec 

tronegativity atoms (O 18/-0.302831 and N 11 / -0.061188 ). 

Hence, th e entire hydrogen atom possesses net positive 

charges. 
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Figure 10. The Mulliken and APT charges of 3d. 

3.4. Pharmacological screening of 3a-j 

3.4. 7. Antibacterial activity 
Target compounds 3a-j were tested for thei r in vi tro 
antibacterial activity against five bacterial strains viz., 
Gram-Positive bacteria species Enterococcus fa eca/is, 
Staphylococcus aureus and Gram -Negati ve bacteria spe
cies Escherichia coli, Klebsiella pneumonia and Pseu
domonas aeruginosa. The tested antibacterial activity of 
the compound was compared with the standard drug of 
ciprojloxacin. The results of zone of inhibition of 3a-j 
tested , ,';'.,;.,s! bact~rial ~train< are suP1maris1?d i- T:!ble 9. 

Figure 11 shows the Zone of inhibition in Antibac
terial ~tuclif'~ of compounds 3a-3j. Antibacterial activitv 

Table 9. Antibacterial activities of compounds 3a-3j . 

Zone of inhibition(mm) 

Gram-Negative 

Entry K. pneumonia E. coli P. oeruginoso 

3a 0 0 
3b 0 12 
3c 0 0 , .. ~3 15 
3e 0 12 
3f 0 10 
3g 0 0 
3h 0 0 
3i 0 8 
3j 0 10 
Solvent 0 0 
Control 15 0 

Control - Cipronoxacin; Solvent - acetone. 

11 
16 
20 
1 S 
22 
1, 

13 
0 

13 
13 
0 

l 5 

0 
\,':~ 

,. , ,. 
' 

Gram-Positive 

5. aureus E. faecalis 

10 12 
11 0 
15 0 

"6 
15 16 
0 0 

JI 0 
18 0 
0 0 
0 0 
0 0 

10 15 

:-,-.__;_ .... 

Atoms 

results showed that compo1111ds 3a, 3h, Jc, J c, Jf, Jg, J i 
and 3j fa iled lo inhibit the growth of/(. l'11c1.11110111f/, Ja, 
Jc, 3g and 3h failed agaiusl /:. wli a11d 3h fa iled agai 11~t /'. 
aeurugi11r10sn. Likewise compo1111ds Jf, Ji a11d 3j against 
Gram-Positive bacteria ofS. 111m•us and 3h, Jc, Jf, 3g, 3h, 
J i and 3j agai nst /:. fa eca/is haclerial st I aim.,, chlo1 o ~uh 
~t itu ted compou nd 3d shows excclle11t inhibit ion agains t 
E. Coli, S. Aureus and E. fr1ecalics. The 111 -0uoro substi 
luted compound 3e shown excellent inhibition agains t 
P Acrugi,wsa and good inh ibition aga inst Ii. farnlis and 
compound~ 3e and 3g showed good i11hibitio11 agaimt 
P Aerugi11osa and S. aureus, respectively wh 11e the res t 
of the compou nds shows moderate inhibition against 
Gram -Nega, ive ~ ,: ..:, .,,111 -; usiuv~ bacterial specie.,. 

3.4.2. Antifunga/ activity 

Figure 12 shows the 7.one of inhibition in A11tifun 
gal studies of compounds 3a-3j. The synthesised co111 -
pounds 3a-j were investigated for their antifungal activ
ities against five funga l strains viz., Aspergi/111s 11iger, 
Asr~rRill· :s 11avi- ·. C:and irl~ alhir.:"1: , (:"11 1il/a ,c;la /,mta 
and Rhizopus sp. Ketoco,wzule was used as a cont rol for 
·.hese a•,•:~ .. :.;;al ac tivities. 

The antifungal activity of synthesis co1npounds 3a

j revea led that all the synthesised compou nds showed 

moderate to good inhibition against the tested fungal 
strai ns. But the p -Ouoro substituted compound 3c shows 
excellen t inhibition agai nst A. 11igcr a11d l!/1izo/1us ; /1. 
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Figure 12. Zone of inhibition in Antifunga l studies of 3a-3j . 

While the standard drug has no inhibition . Likewise, p· 

chloro compounds 3d against A. niger, and A. jlavus. 

3-chloro compound 3e and 2-chloro substituted com 

pound 3i show excellent activity against A. jlavus and 

Q.',:.: -:,'"15 :11. respeL"ivP!; (Table, I)) 

3.5. Molecular docking 

Mycobacterium tuberculosis is a seductive target for the 

development of new medicine against tuberculosis, a 

complaint that kills furth er than two million people each 

time. Three-dimensional crystal structures oflnhA com 

plexed were retrieved from the RCSB (Research Collab 

oratory for Structural Bioinformatics) protein data bank 

under PDB ID: 2X22 [38] . The active site of InhA was 

cl ':'. f.ned as , 11P rnll ~.- l>~ 'Jf ~-S lUUes , •itbi :, 15.0 A ,f th P 

bound inhibitor present in the reference structure 2X22. 

T!,.c ,.::l impedirr, Pqts wer.: .. ·, :,1~luded ;,. ,;,e docking 

runs. 
The entire docking calculations were performed using 

the Auto dock docking module programme. It per· 

forms flexible protein-ligand docking and searches for 

i:6t~~ 
1/f~ 'rA 

I - , \ \ ;.fl\ \ 
l•-:·r . ,,1,,11.":j' n 1l II \l"r ' ' · - • > \ '.'J \ ._i1 t l ro ;_,ff 
~t;_\, ,· ti 

\ . . ) .- - - - ' . 'l ' ,/ . ,:/ -~ 
j 
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/11 11,• 111 l11/tll111 11111 (11 1111) 

11,11 v 1\ 1111/l'I 1\ 1/1111111 ( ,11/1/11 1111 
( '''"'"'"'' /f/1//11//1/', •,,, ,. ll II \ ) II Ii 
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Cllll l ill l I} ti I/ \1\ II 

(1\l\\i.11 t\r'hH ,u1 ,11,,l1 \ \nlVt'll \ /\111 l tlll C' , 

T11l>lu 11. I lyd 109 1• 11 bond 11111•1,ll ll om of Chlorobcnzylldcnc 

with ,llnl110 ,1lich ,1\ 1111• ,1lllw ~1\1 • of Mycob11ctcrtu111 Tubercu

losis l11h ll> ltors. 

.ld 
l , , ( 1y,1,1I 

(S· ll EXVL•l ·(l · 
METU VLl'II CNOXV) 
l' ll ~NOL) 

• I lq .111d 

ll,11 k\ 11 11 
,~ rn,• 

'1 ,(1 

•1,h 

I lyd i.111 ,•11 \\ t11ull 11 q 11111 •1,,. drn, •, 

l hllllll /\, I f'\11111 IJl•,1,1111 ,. IA) 

IYl! \ '1/1 (ll . II N) II N, :1,!, 

TVl! 'l Sfl(O . .. 11 ·0) () , ) I\ 

fo\11111rn hk i11 IL'L1, tin11 s l> l.' IIVl'l.' 11 OI I L' typ1La lly ~111 :il l l1 g 

.111ds 11111k,·11k :1 11d :1 typica ll y larger protein molc:Lule . 

I )o,·ki11g prn,·,·ss, wh <.:rL'i 11 prot1•i 11 prcparat io11 i11 li ibitcd 

I 

1 YI\ .I ~U 

I 
1

• ··3 .5 

/NJ\ I flJI /\I! l•H (',\( ~ ( • ) I: 

1<'111w,_11, ·11 ( I',' :1 11 11 ·cl <11 11 w1 1li ;1 111 :1xrn1111n !lf :w po,<.:\, 

wl11· 1r 111 11 1<' ',1! 11· '1 1:11 11 1, an: ,, p(irr11 •,<.:d and rd1 11 e111 c.:nt 

of 1e ·i,1di it", l;Jlq .. , pl:1L<' if IIH: l1g:111 d•, p11 ,<.:, are within 

', ,OJ\ Tl1 t l1t•, t dcnh·d 1, trw. tu re w:i', cl10<,<.:11 by do ck ing 

:,101<· :i 11d 1111 · 11 11111 lw1 c,f :imi11" ,H id •, rn ;it che, (hydroge n 

lrn 11d 1, ) wit l1 tl ,c 11n1:i1i;il dru g wr 11plex. 

'l' lll · do I , 11,lid c t'll CII\Y ar,d hydrogen l, ondir,M inte r 

at lio11 ·, of 11 1(· ti ll c· , 111 11 po t1 lld and w c. ry •, tall i,ed ligand, 

:i1<· 1•,iv,· 11 ill 'J':il>k 11 . A vit·w1,f 111(' X ray cry., tal , tructure 

11f 11 1!' litl ,· < 1111 1J H)lll1d ill ll u.: Myw li all<.: rium 'f'ub c.: rcul1, -

1,i•, llll1il 1i1011, Het <.: ptm ,1c. ti ve <, ile hhuwi ng the key hydro-

1•,1· 11 , 111l l:i, I•, IH· lw<·t·n inl,ibitr,r and enzyme i,depicted in 

Pi1;11 rc•, 1 ·1, :111 d I 4. 'f' l,e L~rtoon di~gr~ m ~hc, wi ng the titl e 

ll lllll ""' "d doc. kc.: cl al tl ,e allivc.: , it <.: of Mycobacleri um 

'1'11l1 l'l'l 11101,ii, f11 hi hit ,w, Rt:L<.: plor i, dcpi cted in Figu re I 5. 

'l'l1 t· 1.I ! 1111 :iw· of lhe docving compound i, ~hown in 

Fil', llr<.: I (1. 

Mol t·c 1ilar :1 n,il y~i~ of u,mp<JU r. 'J ( r )- ',,/' -(4-chloroben 

,,yl icl c.: nc) lonnohydrazide indica ted that TYR 158 hydro

J:l'11 1,,)l)d in lera clion in corporating the at tachmen t of 

tl1 i~ li1;a 11 d lo Mycobact<.:r ium Tubercu lo; i~ Inhibi tors 

:i c.c.eplor. The co cry<,1alli,ed ligand also docked well and 

ii \ li ow\ heller relaliom with ac ti ve remainders. The 

rc, 11 11 , a how tha t 3d compound ha, better bindi ng energy 

and the L O uyatal lisnl liga nc.b have comparable inter

;1c. tion s. X ray crystal otructures confirmed the expected 

bindi ng mode, and con~ideration of binding orienta

tio n and c.:l<.:c.lronic proper tic:; enabled opt imisation to 

Chlorobc.:nzyliden<.: ao a more potent second-genera tion 

1<.:ad . 

Figure 13. 1 he title compound (BNC) in the Mycobacterium Tuberculosis Inhibitors Receptor active site showing key hydrogen 

rnn tMts IH' IW<• rn Chlorobenzylidene lnhibi_tor and enzyme. 
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Abstract 

T h e present study highlights a s imple and eco-fricndl y route fo r the synthesi~ of pure and nickel doped 

( I 0 o-3%) tin ox ide (Sn0 2) nanocrystals (NCs) with the use o f Azndirachta indica (Neem) leaf extract. 

T he synthesized pun: and N i-doped ( 1 %-3%) Sn0 2 NCs were characteri zed thorough ly for thei r 

optical, structural, func tio nal , and m o rphologica l characteristics. The results of the study revealed 

that the N i11 -doped Sn0 2 NCs a rc maintaining the tetragonal crystalline phase and the N i doping 

( I %- 3%) caused a shift in the band gap energy to 3.87 eV as against the pure Sn0 2 of 3.61 eV. Also, 

the photoluminescen ce (PL) spect rum revealed for the intrinsic defects encountered in the visible 

emission peaks in the range of 400- 560 nm. Further, the biological acti vity with the he lp of 

antibacte rial efficacy and i11 vitro toxicity was tested and the results of ant ibacte rial studies revealed 

that higher concentrations of Ni doping have enhanced efficacy towards bo th G ram-positive 

Staphylococws aure11s and Gram- negative Escherichia coli bacterias. The in vitro cytotoxicity studies on 

Vero (non-cancer) and HEp-2 cells (cancer) exhibited greater cytotoxicity toward Vero than HEp-2 

cells at its ha lf-maximal inhibitory concentration (1Cs0) associated with the cell rounding and 

detachment. Thus, the doping ofNi2➔ metal ions in Sn02 tends to improve the photocatalytic acti\'ity, 

in addition to finding the extended applications in the biomedical fi eld for the d elivery of antimicrobial 

agents or drug molecules. 

I. Introduction 

In recent years, the field of nanoscience and nanotechnology has become the most fascinating scien tific areas 

of interest because of the ever increasing applications in man)' different sectors like biomedicine, optics, and 

integrated circuit technology, to mention few [1 - 3]. Taking into consideration of the fundamental principles 

of nanoscience and nanotechnology, further exploration into other research are.is is of boundless scient ific 

concern as it effectively bridges the gap between bulk materials and atomic or molecular assemblies [ 4, 51. A, an 

example, the metal oxide nanostructures predominan tl)', transition-metal doped ones have established a 

miscellaneous and enthral.ling class of materials whose properties have been anticipated to modify the inbuilt 

fundamental properties of convent ional semiconductor materials. Since the doped transition metal oxides as 

compared to the pure ones exhibit some upgraded properties due to the changes occurring in their si,<'. ,h.1pc, 

optical nature, solvent distribution and surface morphology [61. So, in view of the doping principles, thcr<' h.1s 
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l.1l111,.1ti1111of N1 d11p,·d:S110 , 11.1111>, 1),1,il , (N< ,)wl11, li11 11 l11d, , 1111ul, J11 il ,,Jl.1 ,rd,11111111111m, 1hr>tl <p111 

u1.111111; ll'd1111quc, , .1p<1111 11,• 11, p111 1 I" 111 " "• ' I'' ,l )'J ,yr oly,I',, 1 Ii, 1111,,I d11OIIIJ''>'111011 , ll,1 .Ii 1-vJpor Alllm 

J1llllCd111 ,. l'll , Pt t'd1>111111.1111h , !Ill' N1 d11pt'd ~11() I I ,·v,•,ilcd re, IOlll ,1):11( I 1\111 ,II n1,rn1,il 1, ,np, I ,Jl ur, co11d1110n 

.111d displ.11 ,·,I .1 1 ,·dull•d h.111d !(,Ip with I c,pt'l I 111 .111 1 Ill I l',l\l' 111 1 h<· N 1 < 0111c•n1 Al><, 1 lw ,1dd• d (, .11ur, hi-, 

, 1111llur,il , op11, .tl , .111d 111.11:11c11, d 1.11 .1, 1,·1 l\lll\ dq1c11d111g o11111,· i;1owll1 , 1111,111om rn,11-rn;phl\ ma1r·rial 1,, h, 

u,,·d for 1lw '<'lht11 ) 01 l'i l'llrnclt' 11rnll' ri.il ,1ppl it ,1I iom I 12, I q, h1r exnr11plc, Yoy,,11n,il.ir rt al pmduu d 111111 rod 

r.,sh1011c<l N1 dn1ll'd S1101 NC, h)• 1hc ,ol gel 111c1hod 1h .11 t,111 cxl11h11 the g.H ,cm1n1i, h.ir Jt1' ri ,1,, 'fh, " 

h.11lnw 11,111<1 rihn, f.1h1 i,.11cd h)' 1hr clcc1ro ~pi1111i11i; 1cd1111q11c proved to bt· 1 he prol,.,l,l,· t And1da1t , for th< 

high I) ,cn,i liw !l·" ,,·mi11g ,1ppl il,ll io11 I 14 I. lk ce111ly, Xiao111 i11 Ye rl a/ ,y111lin w:d N1 d,,pcd '>n01 nan<r,phrr<'\ 

w.i11g 1hc hrdrotherm,11 tech11iq 11e ror Li ion h.1l leric·, ,I\ ,111 anode , ub, 1an1ial. Corrn pondingly the m,Wrul 

c;1.hibited dt'ct ro cat,1lytit action for lhc 01.011e progre\\. 11 w:1\ ,il,o found inve,tigatcd I hat lhc band gap 

prnpertic, or1hedoped sc111 ico11ductor NC, c;111 be 111odi ried by fine luning 1hc pari icb w .e and magmtude with 

the help or variou, chemical synthesi, approache, 115 j . Ncverthcle\\, , 1udie, 011 Ni doped Sn02 with enhanced 

photocatalytic activi1y and , i111ulta11cnmly bon, ted cy101oxici1y and antimicrobial cffioency have been rarely 

testified. Herein, the prc,ent study deab with 1he grec11 ,ynt hc,i, or Ni-doped SnO I N<., using Azodrradua 

111diw (Neem) leaf extract and tested the biological crricacy so a~ to have anp ignificancc in 1he biomedJCal 

sector. From the cumulative analysis or re, ulls, ii wa, investigated that the prepared Ni doped Sn01 NCs can 

serve as the promising probe fo r the extended appl ications in 1he biomedical ,cclor in order 10 deliver 1he 

antimicrobial agents or drug molecules. 

2. Material and methods 

2. I. Materials 
Tin chloride (SnCl2 ) and Nickel chloride (NiCl2 ; analytical grade) were purchased from Merci... Awdrra,h111 

i11dica (Ncem) leaves were collected from the nearby fo rm, Tiru pur, Tamil Nadu, Ind ia. All the coll,·t 1cd Nct·m 

leaves were shade dried at room temperatu re and used for the rurther process. 

2.2. Preparation of Azadirachta indica (Necm) leaf extract 

The Azadiraclrta i11dica (Neem) leave, collected were wa,hed nu111crou, 1i111c, with douhk di,11lll'd ( DIJ) ,, .lll'r 

to remove the dirl / impurities and then shade d ried. The d ried leave, (6.5 g) Wl'rc t.1kc11, crmhcd i1110 a fi ne 

powder and healed in a 250 ml Erle11meyer na,k along with I 00 ml or DI) w,11cr for IO 111in al 60 °C- 70 °C. 

During the heat ing proce~s, the color or the aqueous ,ol11t inn changed from w,lll'r)' 10 browni.sh yellow. ·1 h,· 

aqueou, extracl was filt ered using What man filter paper and the prepared Ncem lc,1r n lr,1tl w,1, u,l'd ror 1hc 

bimyn1hcsi~ orSn0 2 NCs. 

2.3. Synthesis or Ni-doped S1102 NCs 

For 1hc , ynthc,i,, aboul 25 ml or a I rnM ,olut ion orS11CI, W,I\ l,1kc11 i11 ,I ro1111d holl<>III n,1\1,. follo1\l·d '" 1i1t 

magnclic ~tirring for 20 min to fo rm I he homogeneou, ,oltll i< :§';;J")lll or /\ zarl11t11 l11111111/1111 (N,·,·111 l ll',11 

cxlracl wa, added lo the precur~or i11 a dropwi,e 111a11 ncr ,II 111g. t\fl,·r liw u1111pktt· .1dd1111>11 
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,,1r.1, l ),1ft,1 \0111111o f liH'1t,1tl1011p1011 , 

2.4. ln,trumcnt.,I a11:iJ},,i, 

Io st llll) I h, < 11 , 1,il l I Ill 11 .111 11 , . . 111.I I'·" 11111 ,111, of J'llll' ',11() , ,ind :S.1 dop«I ',n( l '\i( , 111 l"""ltr«t for rn .1I 

1 oom I l' lllJ'I 1.11 1111 , th l' powd1·1111 \ I ,I ) ' d1 fl 1 ,II 11011 ( X JU)) 1111,l\UI r m ( 11 1, Wtr< t .trll( d Jnd for I ha 1, th< 

l',111,,I) ti t,11). l' I R I I'll() 111,11 u111c111 h,l\'ll tg lht tcr,11111t ( .u 1,1cl1,111on w,l\ u\Cd I h t (unc l1011.1l i:ro11p 

" <'1 r llll<' l 1'1 < ted h) ll\lng ~111 MA I )/,U IM00 I ou11c1 tr,111 , forn1 inf r,1rcd ' J'tl 1ro1m 1u (I J 11{) 111 tht 

\\,l\clcng1h 1,111geol \ 7'i0 ',OOun 
1. h11 1h, opl11.1 l .1h,m p11011 \111d1e,.11 room llmpr 1,11un . 1lw l '\' "' 

' i'<'t l lol'ho10 111 e1, 1 f10111 l'c1 l-. 111 I h111·1 .111d f111 lh l' pho1oh1111111t·,1 c111t· (i' I )l'llll \\lOll , 111d1e,, Johl IRROO in 

) 0011 I Im he ' Jll't t1 rn111·1c1 ll'lng ,1 I k ( :d l.1,c1 "'"' , ,. h,1v111i; ,1 w,1 vt' lr11g1h of \ 2', nm w,11 u\Cd. 'f he 1urfact 

111e11 phology w.,, ,111 ,1hr1cd hy S, ,11111111g rlrt I 1011 11111 1 m({)py (',I· M) / ,1,1 ',', (I VO 'j() ) and I he pJrllcle 111cH,crc 

llll',l\111 ed h) 11,1 ng t 1.111\1111"1011 dn I I on 1111, 1 m«•I')' ( I I M) 1'1111 'I'' ( .M 17 ·1 IH' energy cl 11per11,e x ray 

,pccl 111111 ( I I >X) "'·" 11·u 11 dcd 11,111g !he RON I I ( : 111\I 111111m l. 

2.5. Testin i: of nntilrnctcria l activit y 

The ,lilt ih.irtc, i.,I , u,ccpl ihil il)' frn the , y111 hn ilcd fllll c ,111d eloped SnO J N(,\ w,11 cv,1lu,lled u\ 111g the agar 

difTu,ion m ethod. To n.111,i11c lhc h,1c1cri.,I i11hihi1io11 r,1le, ( ;r,1111 pmi11vc .\ taphylococcw a11reu 1 rs. a11re11s) 

G,11111 rwi:,1111 ·c I ,, lrrrr<"l1111, oli ( F. rn/iJ a11d were grmv11 i11 th e nul r ien t bro I h medium (N fl / ancl the turbid1tr 

.,dju,tni to 0.5 11 lrF,11 l,111d ~t.111da1 cl. Frc,h nutrient ag.,r plates were inocula1 ccl wrlh 1hc abovc -ment1oned 

h,ictcri.1 u,111~ a , lcr ilc swab and wel l, of 6 111111 cli:11neter were made using a sterile gel punclUre. Pure SnO1 

NC., -' I 0 o Ni- S11O1 NC, - /\ , and Pure SnO2 NCs -! 2% Ni- SnO2 NC,- B and Pure SnO , NC~ ~ 3% 

Ni - SnO, NC,-C at conn·nt ralions 25 1tl were added to the wells using a slerilc pipette. Now the prepared 

pl.1tcs \\"Crc incubated for another 24 h period al 37 °C and fu rther observed for any zone of inhibition (ZOI J. 

2 .6. T es t ing of in 1•itro cytotox.icity 

For testing the C)'lOtoxicit y d ue to pure and Ni -doped SnO 2 NCs, two differen t cell lines, Vero (isolated from 

the kidney of African green monkey; no n-cancer and healthy) and HEp-2 (Human epithelial type-2; human 

laryngeal carcino ma; cancer) were selected and are obtained from NCCS (Pune, India). T he confluent cells were 

observed under the phase con trast optical m icroscope and contaminalion possibilities ruled out. The tissue 

culture flasks were main tained in an incubator at 37 °C with 5% CO2 supply. 

During the assay, the Vero and H Ep-2 cells were seeded in 96-well microplatcs at a density of I x 10' cells 

/ well in a DMEM (Dulbecco's Modified Eagle Med ium) medium that contains I 0% FBS (fetal bm·ine serum) 

and incubated for 18 h at 3 7 °C. When we see the celJ growth to be 80% confluence, different concentrations 

(500, 250, 125, 62.5, 31 .25, 15.625 /.lg/ ml) of the testing sam ples were prepared in a 2% FBS containing D/\ IE.\ I 

media, added to the cells, and incubated for another 24 h. For the reference, the control measurements were 

selected the welJ that has o nly 100 1tl of the medium. After the required period, 10 11I ofll!TI solut ion (3-(-1 , 

5 -Dimethylthiazol -2-yl)-2,5-diphenyltetrazolium brom ide; 5 mg 1111 - 1) was added to each well and further 

incubated to another 4 h. Now the formazan crystals formed were solubilized in 100 pl ofDl\lSO ( dimethyl 

sulfoxide) where the optical dispersion (OD) was measured at an absorption wavelength of S-10 nm using the 

ELISA plate reader. With the OD values, the percentage(%) cell viabil ity was calculatt'cl using the following 

formula. 

Mean OD of test sample 
%Cell viabi li ty = -------------XI 00 

Mea n OD of exp crimrntal cont rol 

2.7. Sta tis ti cal analysis 

Each experiment was repeated th rice for the accuracy and the va lues shown arc the Mc,m ± st,rnd., rd error of 

three differen t va lues. Also, the results were subjccled to the Stuclrnt's /-test and the p-valuc ~ 0.05 wnsickn·d 

as the ~ta listicall ysignificant val ue. 

3. Results and discussion 

3. 1. Physicochemical analysis 

T he prepared SnOi and Ni-doped SnO7 NCs wen: suhjcded to powdc1 XRD .1 11.1lrs i, in the 20 1.mge <>I I 0°-~0" 

and the obtained results arc compared and show11 in figure I when· the pc,1k, wn,· indncd to the teti.ti:nn.il 
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Figure 1. Powd<T«l XRD f'Jllcrn,,, (a\ undop<'<I SnO,, (b) I% N1-dop<'<I, (c) 2% :s/1-dop<'<I, •nd (dJ 3'l'. St -doped ~n<J, •.r,, 

T 3bl, I. Po" d,'n"d XRD dm"«l p,r.tmrtrn; of r urr and Ni-dop<'<I SnO, NG . 

5.imrk P.micksiu (nm) 
L..tticc p•rom<:t<r< IA) 

• = b c/ a 

SnO: 68 4.7;6 3.1 26 ()J,;72 

SnO,S ,(10,,) 43 4.7S4 3.12; 0J,573 

SnO,:Ni (20,,) 31 4.7S3 3.123 (),657/J 

SnO,:Nt\3'1,,) 22 4.752 3.123 (JJ,571 

phaseofSnO 1 ::--JCswhich is in a good agreement with the cassiterite, )CPDS No. 4 1- 1445 [ 151. This indicate<. 
that all the peaks resembled a pure phase related to SnO2 or Ni- SnO2 and no diffracted peaks linked to the 
unwanted byproducts like NiO or NiO2 were seem to be noted. It was al.so observed that the diffraction peaks are 
getting broadened which clearly represent.s for the crystal form of SnO 2 :s/Cs. The broaden ing and weakening of 
some peaks may be d ue to the relatively lower crystalli nity and size-qua ntization effect of the nanomatenals [ I 6 I. 

For calculating the crystalline size (D), the following Debye-Scherrer's eq uation was u.sed [ 17), 

D = ~ 
.'3 Cos 0 

where>. corresponds to the wavdength (1.54 A), 3 the full-" i dth half maximum, (J is the Bragg\ d iffraction angle. 
The co mparison of average crystalline sizes of the pure and '.'ii-doped SnO 2 ~ Cs is tabulated in table I . From 

the table, it can be observed that the increased N i con tent is decreasing the crystalline size of the put1cle<> and th Ls 
can be due to the reduction in diffusion rate wh ich makes the ~ Cs intact and also the disto rt ions occurring in the 
host SnO 1 lanice by the foreign impurities [ 18 I. 

Figure 2 shows the comparison of the FfJR spectrum.s of pure and d ifferent concentrations of :--.:1 -doped 
SnO1 :-:Cs in the wavelength range of3750-500 cm - 1. From the figure, the broad absorption band at 3444 cm 
can be att ributed to the fundamental stretching vibrations of the 0-H bond fro m the free o r bonded hydroxyl 
groups, while the other bands around 3100 and 3400 cm - and the peaks at 1620 and 123/J cm I arc due to the 
stretching and bending vibrations of the hydroxyl groups [ 19). Also, the other bands al I /JSli and I 02/J cm arr 
fro m the stretch ing , ibration of Sn, 0 and Sn-0 surface cation -oxygen bond, [201. However, 1he bands in the 
range of 530-700 cm -

1 
are from the Sn-0-Sn Y1bration.s (typical M-0- .\! J and the same ~.as ol,<,ened I n be 
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mi\\ ing for the ~ample\ wi th a n increa\e of Ni doping to wards SnO2. This may be due to the fact that the doping 

\ pecic\ affccb th e \ pectra and h roadcn the m etal oxide band\ . One such band can be assigned to N i- O stretching 

(a round 520 cm 1
) due to the N i ion present in the do ped samples I 151. 

Tlie op tical ab~orption Mudie\ for the samples (pure and Ni-doped SnO2 NCs) were measured by using the UV

Yi!.iblc spcctro..copy and the result\ arc compared in figure 3. As observed, the optical absorption edge for pure and 

N i-doped SnO2 W a.!> found to be around 220- 250 nm, qualified due to the excitation of electrons from the valence 

band by the pho to m . There was some higher ah\Orbancc observed in the case of pure SnO 2 but with an increase in the 

concen tratio n o f Ni dopant ( I %- 3%), the absorbance tends to be decreased, This possibly can be due to the photon 

inte raction with \ ufficicn t energy and thereby causing higher abso rption and associated lowered transmission in the 

UV-regio n . 1-unhcr, the absorption edge increased with varying concentration\ o f Ni in the doping protocol :1.\ thl' 

absorbance value hing~ 011 q ui te a few factor~. such a~ band gap, deficiency in oxygen, impurity centers 121 I. 

T he following Tauc-plo t eq uation was used for calculat ing the optical band gap (E~) I 22 J. 

fr -
A(/111 Eg)111 

l, v 

where n co rrc\pond~ to the absorptio n coefficien t, h for the Plank\ con~tanl, 1,the freque ncy of the light 

rad ia tion used, I·., is the band gap. 
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l'lt•,1111· ,1 ~how, 1h,· u1111p.11 i, 011 or1hc ha11tl c11crgy !laps :11110111; the pure Sn07 and Ni-eloped Sn02 NC,, whik the ,.1k11latcd v.rluc, ,uc 1.d,ul,11ed in lahlc 2. 1:rolll the figure 4, iii, inlcre~ling to note that the 1·.x value is 1:c11 i111\ 1 .,i,,·d with ,111 i11(1'1·.1, e in the i111c11sifica1io11 or Ni doping into the S1102 matrix (3.6 1 eV lo 3.1!7 cV). This 1 i, ,. in E~ mi1:h1 lwduc 10 1hc tlccre.,~e in the ~ize or1he particle with a larger ~urfoce are.rand , 1rongq ua111um , 011fi t1l'lll l' III e0c~b 12,1 j, 
With th,· use of PL 1cch11iq11c, iii~ pm,iblc to iclc111iry the clcrective ~I ales and their a,~ociatcd effects in ,,p1i, .,I , 111dic, ,11\ll so the lig111 c 5 , how, the colllparison or1hc PL ~pec1ru1TI\ among pure S110 7 and Ni-doped S11() ,' NC, .11 ~00 ')Oil lllll r.mge. A, dcl ected from the figme lhal a ,1ro11g peak al 550 nm i, protrud ing with an in, 1,·.1"' 11f'Ni doping into the Sn0 1 NC. The i111e11~ityor1he pc:1k for 1%, 2%, and 3% doping of Ni tend to move lllll',IJ'(b ., , hor1,•r w.1vck11g1h region. Thc,e re~ult~ validate well with the ab,orbance spectra and arc cunsi~tent with 011r oh,crv.11io11s. In general for the ,cmirnnductor NCs, the oxygen deviancies the most common derects which ,Kl·" a r.1dia1iw center for the radiative rccombinalion in the visible region. In the circumstance or doped ,.11npln. ii is c,isier for Ni11 ions to replace Sn4

' ions due 10 the fact that 1hc ionic radiu~ofboth Ni 7
' and Sn4 

• .11 ,. virluall)' cqu.11 I 241, Addi I ionall)', the charge ( 2) of the replaced Sn pO\ition has lo be compensated in the form or ox)'gcn v,1c;mC)' in the pm itions. Thus, the vaca ncy creates defects giving rise to absorption and cmi~sion of the visihlc spcclrulll. 
The uHnp.1ri,on ofSEM micrographs or undoped and Ni-eloped Sn0 2 NCs is shown in figures 6(a)- (d). lt w.,s d t'.>r fro Ill 1hc SEM image, that the synthesized nanostructures arc ho mogeneous, uniformly distributed with , pherkal lo ov.11-, haped strnclurcs. Alongside, the plate-like structures were also observed in the case of pmc Sn02 n:mm lrnclmes which further rupture into loosely aggregated crystal pallcrn on doping with the Ni into tht· Sn0 2 m.\l rix. Further, the elemental composition of pure and Ni-doped S1102 NCs (2%) was evaluated 11, int: EDX ;11rnlysis and lhe resulls arc ~hown in figures 6(e), (f). From the comparison or peaks in the respective , pec11 nm,. it confirms tha1 Sn and O arc present in the pure Sn0 2 sample (figure6(c)), while Sn, 0, and Ni ·lcmt'nls arc in lhe 2% Ni -doped Sn0 2 (figure G(f)). The persistence of these clements in the samples confirms ,,r 1hnucccssrul forlll,llion or the respective composites and in addi tion, provides a prooffor the induction or domin.ml effect by the Ni doping into the Sn02 compound's structural and optical properties. Moreover, the El >X , pc(lrum confirmed the presence or no other foreign clements as byproducts in the S)'nlhe,izcd samples. 
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Fi~url' S. Comp.Hi-'l'll ofth,· 'll,l l1I purt· ~110: .md N1 dut't·d Snl ): N( ·, ,1~.1111,1 (;r,1111 nt·~·''""" I ,11I, .111,I l ;1,11n p,\_..,t i, t· 

Sr,,p/11•/t>('4)('114Hlllr,·us.. E.,d1 pl.1h· <nmJ\1n•:,. tht' ,h 11, it)'of p111f Sn() , .111d N, lh11, ·d Snl ) _,, whl'll' A, I\, ,Hhl l · , ,,11\·,1•,11hl h1 l '\ •, ~'\, . 

. 111d Yh, Ni•dnpt·d S11 0 1 NC., Tl"-'IX', tivd ) . 

Al,o, the TEM microgr,1ph Cor llll' 2% of Ni-doped Sn0 1 NCs shown in lig111\· 7 indir.llL'' th.it till' p.11 tiL In .m· 

full)' ngglomer,1ted .111d maintaining the p.1rtide si7L' in thl' 1.1ni:L' 22 Jtl nm. 

3.2. Testing ofbiologic11l l'flicnc)' 
In order to test the: hiological l'fliC:K)' of ti ll' S)'nthl',i7ccl p111 l' .incl Ni-do1wd SnO 1 NCs. till' IL'sb 1,f .1111ih.1< tl'1 i.11 

acti vit)' :ind;,, 1·it10 CJ'totm:ir it )' Wl'rc st11di1•1l. Thl' .111 tih.1etc:ri.1l s11scq>t ihilit J' tc:,ting SnO i NC, .11 2:- ,,I 
nrnn·ntrat ions ag.1inst the Gr:1111-ncgativc: E. rn/i and l;rnm positiVl' S. 1111n·11s w,1s t·v.1l11.11l'd 11sing ti ll' 11g.1r 

diffusion method as c:vidl'nt from the: di.1111t·tcr ofthl' i'.o l 11fta tht· 2·1 h of till' inc11h.1ti11n pnh,d. Tht· i',111 of p11 1<' 

and v,tl')'ing concc:ntr.1tions ofNi-dop<'d SnO 1 NCs .1g.1inst thl' Gr.1m nq,.1t iVl' F. coli .111d ( ;r,1111 111,sit iw 

Stnphylocorr11rn 11rc11s ,ire shown in figurl' 8 and the corrt·sponding gr.1phir .1l rl'pt l'St·nt,llinns ,lrl' in f1glll'l' 9. 

Thnc w.1s ,I t)'pical S)'nc:rgistir .111tihactcrial t·ffcct whl'II l'urc SnO ~ w,1, c<H11hi11l'd with th,· difft' IL'nt 1,,·1 ,l'11t.1!:c, 
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I 1~un· 'I. l \'"'l""'\'ll uf thr .rn11h h h I ul ,11,,t 1•t1h1l11, pun. And~, tlnp<1I \n( )1 ~< , for f .aJ r ,r.1m n,-,..,,,.,f I 1 (\•. I 
\h) l,, .m, 1""'11' r \ ,11,r, u• l \ \ ~ ,, ~ Ill. \ , H. ,HHI ~ , 1111 r,1"4uHh In 1hr I ,.,_,}' , ~n,I \ "M,, S1 dopnt \nO '-' 'rr,pn 11 .. d 

,. 11 ,nd 

,,1 N1 1h11"-·d :-nl ): N( , . l'hc fold 1111 rc.t<c of I •U 'lo, 211. ~'lo, ,ind 42.11% wa, oh,erved 1n / cn/1 on a pure SnO. 
(d'llti.11). ~111111.11 h .. , fold 111' 1,'.1'e o f 7.(,"o, I ) .. \% , ,rnd 38.4% wa, aim exh1h1tcd by S. aurr111 expo ~d plate. 

The d1!1i:ren,c in ,Kt1vity of pure SnO 1 .111d 111 combination with doped N( ,, ag,1in, t the'><: two t~ of 
1,.,,te11.1 " ·'' ,1111" n in hgure 9. The Ni-doped SnO1 exhibited a higher Z.O1 a, compared wi th pure Sn 0, :--:C:\ in 
th,·,., m t ot m K10bi.1l , d i de.1th. In f,Kt. the Ni-doped SnO1 NC, at di fferent conccntratmm ,ho.,..ed an 
.-nh.uicn l .mtib.Ktai.,1 effect .i< romp.ired wi th the previously reported an tibacterial studies data (25 I 

From the .m tib.,ctcrial studies, it w.1s observed that the tested compounds have offered significant levels of 
.,ctivit~ .,gainst bo th the Gram-positive and Gram-negative bacteria. The observation of such activity can be due 
to the ek ctrost.,tic in teraction between the positively charged NCs and negatively charged bactena where these 
small-s ized NC.< c.111 penetrate casil)' inside the cell wall and paralyses the cell (26). O nce inside the cell, the 
pr.:p.1r.-d Ni-doped SnO 2 NPs from respect ive ions l'iz. Ni1

" and Sn• ' oxidize the cell walls by getllng themselves 
rt' duccd into more stable ones. In the process of oxidation, Ni2 ' and Sn•· ions induces oxidati,e str= in 
e;,.tensive amow1ts to the cells where they generate react ive oxygen species (ROS) in the form of superoxide 
an ion (0~ - ). hydro;,.-yl radicals (OH ), peroxides ((0-0)2

- ) , organic hydroperoxides (O H Ps) etc and all these 
pathways fi nally leads the cells to lose viability. As similar to our results, Adegoke er al also observed the 
antibacterial act ivity and phytochrmical analysis o f leaf extracts of Lnsie111/iera af rica1111111 (27]. Further , it was 
rnnfirmed from the study that the gram-negative E. coli suffered severe damage than the respective Gram
positive S. a11rc11s. Although the exact cause of d ifferences in such activity cannot be known at this stage but can 
be mostly due to the immune responses maintained by the S. a11re11s cells as com pared against the E. col, 
following exposure to the sam ples. 

The antiproliferative activity of phytochemical mediated synthesis of pure SnO 2 and Ni-doped SnO 2 :-.;Cs 
against the Vero and HEp-2 cells were tested based on the MIT reduction route where the results are shown in 
figures 10 and 11 respectively. From the comparison ofMTr data when tested over a 24 h period, bo th the cell 
types are experiencing significant levels of toxicity under the testing concent rations and the cdl , i ability losses 
are gett ing increased with respect to an increase in the Ni ion concentration. Also, the lC, 0 concrntratio n 
(maximum concentration required for 50% cell death) for the pure Sn0 1 and I%, 2% and 3'}o Ni-dop.-d SnO: 
NCs exposed Vero cells were determined to be 93.75 ,,g ml 1

, 52.08 11g ml- 1
, 41.6 /IS m l 1 .md 31.25 /tg ml - ' 

respect ively. Similu ly, the 1C50 for pure SnO 2 and 2% , 4% and 6% Ni-doped SnO 1 m nocryst.1ls cxpost'd to 
HEp-2 cells worked out to be 173.06 11g ml 1

, 138.8 ,,g 1111 - 1
, 93.75 pg ml I and 48.29 11g ml I re,p.:ct iw ly. 

l'rom the comparison oflCso values among the Vero and HEp-2 cells, the tested com pounds arc more efli:ct ivc 
against the Vero cells as com pared to the HEp-2 cells and this d ifft'rcnce of ,1Ctivit) can be attributed to the 
intracellular mechan istic response of each cell type against the tested compounds. 

T he visual observation of cell~ in the form of rounding, clumping, o r non-adherm ce to the cdl walls at 
increased concentrations of Ni abo confirms for the C)'to toxicit)' effects as shown in figures S(D)-(F). There " .1s 
a significant I)' increased I rend in the cytotoxicit)' induced b)' Ni -doped SnO1 NCs than p urt' SnO : .1tt ribut i111: to 
its synergistic effc:ct. 130th the cells were adversely affected by the NCs, wha ein the norm ,11 cells(\' a o) show~d 
increased smceptibility than the:- cancer cells (H Ep-2). Anit ,1 lct ct al also used the Vero cells to , hnwcast· th.
excellent cytocompatibil ity and cell viability of the synthesized mcsnporous hydroxyap.1 tifl• 12l-]. It w.1s bd k vcd 
that the nanomatcri,11s trigger the generation of ROS lc.,ding to oxidative strt·ss. Furthl'r nl()rl' , thc,c 
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dop<-d (El. Jnd 3% Ni-dop,,d SnO , (Fl NC.< ,·,pos,·d to I-I Ep-2 c.-11, with <i)'>t,,l, i,,k t , 1.,in. 
L __ 

n anomaterials possess a high surface to volume ratio thnt cormhor.lll'S with its h i~h intat:1, i.11 phpi,·.11 .mcl 

chemical reactivity that in tum g,:ts transformed into bioloi:ic.11 .ictivit)' I .!':>I. Th,· ,·, p,·rinwnt.11 rt·sult, ,h,,w,-;:l 

that the incorporation of Ni into SnO : at cliffl'rt' nt conct·ntr.llillnS had a ,ii:nilk.mtll' h,·nt'lki.11 influt' tic,· on th,· 

bioactivity than that devoid of Ni. Th(' incr,-.1st·d cn1K,·11t1~1tio 11 ,,fNi .1s .1 dnp.mt in th,· Nt ".~ l'nh.11h·,·d th,· 

cytotoxicit)' ofSn O i hypoth,:si1in~ th<' dir,·ct int,•r,Ktion of NC ~ with th,· cdl 11wmhr.11w .me\ 1lw i:rnl'l·,11 inn of 

oxidative strt·ss for the l'nhanc,:d a ntimil'rohi:il nnd cytotn:-. ic t'llixt, n fNi dnp,·,I SnO: Nt 's l.\lll. 

4. Conclusion 

In conclus ion , W<' haw compart·cl .rnd , tudil'd th,· hi11logirnl ,Ktivity of put,· .md Ni dO\'<'d Snt ) : Nt ·, tornwd b) 

the ,implc co-p rccipit .llio n 111cthod . From tlw p h)'Sil'.11 ch.11·.1C' tl'l'i1.1tinn. th,· pnwd<'r,·d Xia) d.11.1 ,,,nti1111<-;:l tlw 

tl·tr.1gonal cr)',tallin<' phase· structm,· ofSnO : .rnd thl' ,·,i,t,·rK<' of Ni i,,ns .111,n i: with SnO: d,w, not ,l ,_n, .1111 

va riat iom in its latt ice- p.1 r,1111c1,:r, . Abo, thl' ,ll'<' t ,1g,: , 1 ys t.11 si1<·s for th<' pur,· .rnd Ni dnpt·d Sn(); 1,'l'lt' 

invcstii:,1tcd to he in th,: 68- 22 m11 r.1ng<' .111d thl' SEI\ I im.1~cs , hmwd tlw distrihut i,111 ofSnl ) : NC, " ith 

Ill 



II ,., f 11 ,11111 
I II 

h,u, 11 1••,111, I \ 111111 ,, 1 't'' 111,d1h l t1111111rl1 ,,, 11I 1 , 111 1111 li11 'J,,,,11t,,111111 \111 1 101111, lhc 

.i, ,,. 1,1,1111, ,1.,, , 11rh1h 1,,11, ,1 1,," 11.i 11, , h11111, ""' 1,111 ' " ,, 1 ,,.11 , ,11i "' """, .. 1, ,., ,. , i.11111 1, ,,. 11 .. 1 

111,1,1,1l\i1,,111~,1111 ,1 ,,,11l1,,1,1I 1111111.11 flt , ll11I H 1\111,,l'I 111 11111111l11,",,l1J1 11,1,, 11, 111 r~ 

dh ,111111.i, ,l.111111111111 1 ,h I d 1l1 1 1111 11111ft11 tl u Nt do1 11 d 1,111 l NI 111d '1lu d1tp4 d Nf , 11111111 1111 

11t1p1,n,,l11!i,,111h l l\1 h, lt1 ,1111 1h111 1h1 ,111 11 1•1111d1111 1111 d,11 11d11111 11111 1,, 1111 1, 11l1lt1l1t)1il1u1u, ~111 f1., 

.11 , 1 ,1111l111\\ht11p111d,,11111 11l11t,l1i,d111•111r I il111. 111l111tUI 11li11l1111i1,l 1l u111lt111t1dJ1IHtl111,l1 II \ ' '" 

, .,, , •.11, ,I N,""''' ,I \ 11( I Ni .. Ill ' " "" 111, 111 l1lil 1111 1, II ' l'ltl Il l 1111 JIiii I 11111, I 11 11 I'" I"'' d ·~, ' 1111111111 

1ll,,l11, ,111 11h,1, ll11,il ,111111 l \ ,ll' lllhl l 11•/J(lo1 ,111111)d1111\,1111,11lloJ1111 \II \1111111<l,1hr1•111, 1111ld11p,d 

''"' Nl " """lh1ll\ itllll\hl l \1ll,, 111111.11d\,111111ol lll 1' 111 11 I l\1tl1111 l r,,111 ll 11 II 11111,111111111111 II, 

, \l ll li l\Jol ll l ll\1 111, 1111 1• 1,, ll , 1, ," 1"1 11 11 l1 11 l1, d 1111l> I, 1111 II .,1,,l11, 11l\111111II \\ 1ll1l\1'l• •'··"·"'"'"11•1· 

1111•11 •h,1l,11:1, .il d1 , 11 11h.11 11, ,,.1111ld, 1,11 l111 11111 " """' ''"" ' " ' ' " l) tl,,1h11• l111 N1 d 11Jll ll1' illS 11.I \11fl N I ' 

, ,l11h111,l1:, u1d ,11111 h,1, 11•11,1l ,h l 11 11 1 ,11 1d ,) J11J, o\ 11 II) l 111 1l111 , 1h111 • 11l1'1•1111 1,11td111il11 111111 "i'I'"'' 1111 

!11111 ll \1' 1l ld1t• h11 1111, d11 ,1l " , 111 1 111 1h ,11 1111 111 , (' I V1'," ' '•ll illll l', l ,1IH ••1:•111'd 11 ,1 II ) Ill 111d111, 1li " ''""Iii I 

11 i.,l., 11h , 1, 1, 11 11 11 ,1l 1h,· h.1111·1i.1l111l , ,1111m 1\l,111g, 11 l1 , i1 11),,h111 ,111l 11 11 ,, d 11111d11l1111i,,, ,111111111 ,, 11 

l' I nlilt· t ,11u 1u , tH h , . th,·11 h• \h 11 , 1 I ll', l •1 ill ,, , 111 11 I, v,·1, 111 1 , ,d1d ,1111 I 

Acl..11,1wk,l~11 wn t ., 

I h,· ""'!\ :S.111,I l l111w 1 , ,I ) ,1111h111 " II' ,111'1,d 111 I 111· I lt',111 •, l,q, 111 \, 11 11 11f ,1 I(, ,, ,111 11, I " 'f\ ', 11111 l 111.-, 1 , 11 y fu r 

l11 11 ,h111: 1111 , 1111:h \ ' 1o ,. I l,•,111 , 11111 ,,1 :-., 11 ·1111111 1(1•, 1·,111 h C 11 ,111 •, 

OIWII> il>s 

:-1111·,h :-.1g.1d1·1 ,Ill h1q,, : Ill I i,l.111 g / lJ(ll)IJ IJIJIJ I I) 11/ I / 1,1,1 

I 1\ 11 i1.II 1·11 hllp, :# 111, id.,ug/Ollllll l lllll I ,HJ I '/ 1J/// 

l'kfrn·111:cs 

111 Muh.111'111,hl N 1' f 11! l tH ll l\t' \ IIH,11 11111 n f 111111, liquuh jl\ ,t p, r ttt ,111111· 111 , oh , Ill l , 11 {~l r ,H 1111n "' ,oll 1w II h111r~ul)"11M"r f,nm w.1 ,, hU\ 

'• .,It•, 11 , ,11 ~ ( { ).\ ~ t() H~ 111111 t' \ Jlt' l lllh' III / , "111/ I /ff, l .12 1r,tt n,t 

I :J ~ : 11 I. , 111 II, I \I S, l·c11~ ~1. i'lhll l}', /, I hlll>t 11 , ( :1111 I· u1ul i' h 1111 Y ~ ) fl I H ~ 111 f,1u • 1l'mi1111tl11 vr11 1••~~l<'ftJ l11111 ul 11, ►~t11i. n.,rwn,,trn -.1.1 l.,h 

Ill ., tll ''1'1<·1 "'"'""' 11!1• 10 11 t)()(I 12 

I ' l \ 111 I\, ( :11 I, 1 t' llt ~ ~I. / h.111g<: C. / 11111111 /, i' ht111 t1 J, Zh,111t: C, W,·11 U ,11 11 1 i' h,u, Y ~ / Ol 1J I p1l11,1,1l .:111w1li o l <lu...11 <111,,r mhnmior&Jnk 

IH·h·1,"t1 u, tu1t· , " '·' h i11.1r )' ,,1lw 11t l'l )'11t·rgl~1n ,lr lw 11 M.'tlll<'111 l11l I ry, 111lli ,,11ic,11 N 1111w,11d1· 11 7111 f , 

l•I} / h.11 1.,: C c. Zhont~ ,. Xu ti.I, Y.u,g \' ,I i Y, P.11,g '/, T.111nS, Yu.111 I), \ \lr11 II 111111 Cu J ) 01 lJ I r 111 ,11 y ,,,v,) 1/ N,\ Au ll~IIUkOU1f"'-''lc."" ..,_,,1h 

1.· Hh 1t' ll l l h.1r~,· , ,•p.m1tl11m lt11 1·11h,llh t'd vl\ihll· li>thl pholnl ,11 ,dyth p c· 1l11111 1,llh . l' (.'l, ,•111 / ".'< / .,1s I /JIN\ (lJ pp ) 

!Ci} Chu Y, / hon t,: J, F.rng i', \',tnH Y, Q i J, Yu S 1111d ( :11 J 2020 Ni(I I< '0 ,)1 11,1110,l1n·1/ 111( ~d ll'l1 .1phm plrntdN1(l't ( )11 )) n.ino\,H~ 

, tll llj'1hih' .1, ., hi~h-pt'I (111111.,mt· c.•lc<.1rodt· 1111111· 1 i.il 1111 ll \ )111111 U' II il , u pt'l 1 .,p,IC 11111 , N 111111ff•1 l11111losr J I ll I '• Ill I 

16] D1\lt It !'11 11~h !'l une! Y.1d.1v I\ C 20 111 A n•vi,•wo11 , )'lllht•,i,, fohrh ,11/011 , .,ml propc.·11 in of 11,11 11 1, ll11l lturd pur,-Jm.1 llopnl 11110, 11.k 

fi lm, /11 (1'1/llll/illllll ' ""' 1111I c,j s, 11·1111fin 111,I IIIIICl l'(lfi 1·,· U1•(1'1,n J, 2 •11 r, l 

!71 Sirl'lkh.11im A, M.1hmud S, St•(•ni A, K,111, N 11 M, A1111 I c:, H.1kl1111i S K tvt , I l,1,.111 I I 11 11d Moh,11111HI I> lO I~ R<"H" on 1111, ,,,10(' 

n.111op.111 iclc, : .1111ih.1r tr1i.1l .tl livhynll(I toxicil)' 11u·, lm11h 111 N 11110 M11 m I ,·111·1<7 21 ') ,12 

l~I Surr,h S 201 .l St•111 k rn1d 11c111r 1rn11u111.11t·1 i.11, , 111t·1lu,d, , ,11ul ,1pplh ,11iui1, : ,I rt•vi,·w Nt1m H1 lt'm 1·m 11I N1m o1.-" l1111il1~'l \ o, 

(YI FI-Sh111.1wi 11, IHlhm M, I d chtwt'iH T, Pq1plc:r K 1111d J,111t•k J 201 J A ~i111pl1°/'l)'lllhc•, i, 0( 11 111111\llth l tm "<I ( 11 11Hn11'ofd tl,I \ 11( ) . ,-h." C"\ 

wi1h 11111u1Wl'd q •ck paform,111t ,. fo r li1hi11111 ion h,lltc.·r in H1·c 11111 l1c·1111m l C.'mm,11111 11 ,I1,m, J(, , l 7 

I lOJ \\1,111~ Y, l>jcrdj I, Sm,1n.l)1 Bnllll J\1110 11 it·1ti M 2009 A11li111011)'• tlt1p,·d S110 , 11.11u1pow,k r, w11h l11gh, 1 ) 'l,11111 111, lnr li1h1um 11111 l,,illcf\ 

rkc1roJ,, Ch,·111. Mt1ltr. 21 3202 9 

I 11 J Gopi11,Hlh.111 K, K." h)1,1p S, 1',11uly,1 l > .111d Ch.1udh.1ry S 2007 1 l iidi h·1111w1 ,11111 ,, k110111.,t~1u•11,111 111 ~tu do1l<'\I ~u( l , 11.1111~ q ,1,1llu1t· 

1hin him, /111m111/ 11/ Appli,·d /'111,,,n, I02 I IJ~ IJ I IJ:, I.I M 

112I 1 hahr tlu.• II S, Mal~-" C: F, Mo1111111i; I> 1-., M,llwcl,1 'J'nml An·11d,c.· C' J 701 I ~d( , .11,11)•11\ g111w1h 11( 1111 o ,1d1• 11.1111n, 11 ,., lH c hruu, .,I 

v.1por dq ,osi1 ion pron.·" /. N111w111a1,·1, 712361 I 7 

J l J J S:1 l.1v,11i•Ni,l\,1ri M, Mir N n11d l),1v.1r F 2010 ~)•111ht•1r,l~. c hnrnc t,·1·i, ,1111111.111d optu .,I p1111w1 lie.· , ol 111111\ld r 11 .1111,'-h 1, 1rr, l' ' ri•,u c.,l lr ,un 

.1 ruwd pr c, 11 rM ir v1,11lw11 11.1I d,· .. ,u,1p11\ilio11 rou lc l11m,..;. ( '1,im. " ' ' " 363 17 19 2c, 

I 14) Yo g.1111,11.,r R, M,1ht•11dr.111 V, Sriniv,1,,111 H, lkilo llahi A, K,1111111 I{ 11, 111,w A ( : 11nd V 111 11 A .lOI O ( :., , " '11, 111t: 111t11•< 1 t1t·, ,,f 1K1'\llt· ,'1.ii•1.d 

Ni-dopnl Sn0111,111ouy~1.1b p rq1.1rt·d h)• ,1 1roi111pl1· M1l g,·I I ht·111h ,ii prn 1p1111 11011111r tl10d < l11·111 A-,41,1/. s2 179 S" 

11 s1 Vt· X, I iu \\I ZQ, \V,,nttS, Y.111g y ,111tl \\It· 11 201 'l ()11t· ,h' p ,y11thn i,t,I Ni tlo1't,'(I ~110, 11,llhl\ j'IH' H' \ w11h n1h11th t'd h1h111111 tltl\ 

/'l l11r,1t~t· pt'rfor111,111c<· N1•w / . (.'111·,11. 39 I JO ', 

I 16J Zhu Z i:, Zhou LI i11 I I, I It- '/ .11ul \-\1,111._: X .WI 7 h1h11 11u·d phol11t ,11,1lyth 11divil )1 11I polp •111 r l P) 11,,11,lum· ,1" 1,1t,I ll\l l t , 1\, ,IH 

h)'drolhl·n11.il t,t row11 tin oxic.lt· pho trn .11 ,tl)1~h Journnl 11/N1111 ,,mllt1·,1ul, c4 A 10l1·111/m Nmwt1·, J,,,,,J,,g)' 2 I , 

I 171 T,1lam S, K.1ru111uri S U ,111d ( ;u1111.1111 N 20 12S)'lllhni, , t h.11 .u 1t•ri111111111 ,11 1e l , pt•t llo,, opi, p111 p,·1 t1e·, ,,1 / 11( ) 11,11101,,11 tu In 1,1-:, \ ' 

N,111n1i•il11w/,1g)' 2012 I /1 

I !HJ c;c.Tllu I kvi P ,111t l Vdu A S 20 lh S)1111ht•\1 1r, , M111( !111 ,1l .11 1tl 1111111 11I JJ11 1p,·r1int1! p1111• i' nt ) 1111d l ·,, ,h,p1'll / 11l) 11.11, ,,1,.,1 t1t I,·, i•11·,•.11c.,l 

o -11n·, i11i1.11ict11111c:1l10tl /011t1111l o/Tlwm1ot1t,1I 111111 Applt1·1I J1l1J''" , JO 2 \ \ -'IO 

; ,111d '/,· 11g 11 ( : 7001' P1t·p.11 ,11 inn o( h11ll11w ,1n,11.1,t•'I 1( ) 11 ,1110,p ht·r<·, vi,, 11\ lw.,ld 11p1·11111~ / J'ln , ( '/11 ,,, H ION I I\J.' .., 

~~ 
\ II 



hit' l\tl~" hi1tf 

I 't\) l'tllitl I\ , \h, 11,1 ,u,1 I M °' ,\\hi I hllh I 1, 't\ltl •,, 111l11 ,1, , , h,,1 .h t, il~,Hh 1111 ,11,d ph,,1ohuu1111•,, , '" ,. ,,,,,p, 1111, ,11 I l, ' 1 ,h,p,·,1 lh\Ho 

'"'h,llm, '"\ ,, \ f,th • , '1.t11 l'ln , I "'"'u 'I 
I '\ l N1\1,, ,,, h1\:\,rn , , ~l111h111',111 1111 ,111 ,,11,I \, h,,~k ,11\\,u ~ t 'III " ~ th .,, ,11 lh 1111 ,,I ,ll hl 11,md i~11p '''l'ln1111h1n ,,n N, d,,pl, I Sul)! n,rnop,1t1 k h.·, 

, ,, ,h11\\-..I "1\h, 11 I ,\ l.111 , , , , , \ 1,th I l In 111•11 Jo h1:1v ,it\ 

J l 'I N,,,1 \ ~ 11\hl " '" I ',H '\ n,, I , ,1 l,'1\11'• "''"" 111\ ''l'lh 111p1,,1111 lh , 111 ll ,HIII, I\ ,1,,llhw I •' l ,111\h ' I \' ' ~,11~ N1 ~/1t ,{ , ,I l1th' tt1,U1.111,1I 

' •'htthll ,•f ,, , h ll ,1' ,ttt,l I-:, •1\lt1 , . , ,,,,~I(\ I,,, 1 

I • \ I I '"II, I hhiHti' I\ ' I\\ I N I\ • \h,th l ,Uhl I,, llt\ \ I I 'Hill'\ \ j • \ ,l,1p1111,h1lh' ,,, 11,11111, I\ , 111111111· Ill ) J ,,11 "' ''l'lh 1tl l''''l'l' l 1\ 1llhl 

pl111h11 .,11,h H, h \ h t,, ,1, I ,, 111phh,--, I 1,, I \ hl,1h111 lh'lhll ,,.,,, \ ,1,,111 "' H "" I 11 

I• t 1 \\1,\1,1,h N,,1hl,111 l\, \, \l\lt\11p,1l ~ . \111111h,111 ,u11h,m It l\ 1\1\d P,m1g1,1hl \I I 't\ l t I lh', I nl l \l 11111 d11p1ntt 111 ll ll' h.nu.1 ~,,ppf~nl ) : 

1\1\lhl l \ \lth l,1, ,,, lh '""'\ ,1111\,11111, ,,I ,111,l!-1,, 1\\111,'J\llj N, \ ,~ ,111 ' . 

I '" l ~,11\\11 S, l1\\ 1,\IH N l '. ~ \11\1,h l\11\1\,H I\ ~l11111t,1l1\I ,11111 l\11111111hll1\I\ N 1Hhl \ l\\\1\1111111111, I ' ~ti l ~ 1111•, I ul N,H )II , Pih ,·1111 ,111u11 ,u1 

'"'" 11\h \t \\11 l,h ,' ,m,1 ,\\11111,h \. ,ul 1h II\ 11, ,,1 ' '111' 1\1\lhlh\1" ,, 11th,·,1 ti•d h, dla,, I ' '''"'' l11·1Hh ,11 llh' llu1d .,11r,·,l.1111,,·, .,, h hhlllh I ~6 

I ~ 

1; ,,1 l\,,lhll ,\1 \I ~, , ,II \ ~. '''•'"'' l\l,IUH\11\ ,,, I HI'\ I I hll ''""""ll, ,,I 11p11lh 1111\11\\ .,w,. ( ,,u , ,, 111111I ,\t17 JO I (\ J J • .I I 

I' ' I 111,11111111111111 M, ll,11 ,rn1l.11lt,1111111hl11h ,111,I ~l,11,11, · , : JIi i I .-11111, ,t1h1't ,., 111 111 ,,1 / lt111lh,·1 ,1111, 111,1l,· h111111d 1k111lrl11w1 ,1111111,,,,111,,I)''" 

lt1 1'i'ttt,ll1o1 t1,1l l,•1mMI ,,, l 1,1,~, '1,n1n" , '• ::t 
I ·~1 11111., 1 ,•111. ~,111,1,,"'"' ... , ~1. 1:,11" h,11hh ,111 " · 1 .,111,, M 11, ~·•~·""'' '"' ~ ,,11,111t11111h,111 ~11: ~'"" r,111,,t111~ 1h,· 1111,11,11,,111~1 .. ,1 f,· .. 1m,·, 

, 1t ,,,I "'"' ,, 1Hh,•,h,,I ""''''P''" '"' I" ,h,,,, •'l"-'llh' \hlll?\ l1,t1, ,h l,h ,,, 1H1 HI tt•H\ I, Uh'\Utu•1 N.St 'Ad,. '> fl~ .'N 
1 hl\ 1,,\h'' \ . \ .,ml , ;,,,11\)\\'I I\,,. 11)\,\l r11 ' lfl\\ 1\\\1' \\\lh l\h ,,1 l\1l ll1'1\hlh' l l1II 1\1\h II\ , .,, , ,, ,,.~ I \ •l1,,·1 1 1',·1•, fl I -t '~ ~(\ 

I \Ill ,\1"11h1,11w ,\ 'll I , \n,lmm 1111 , ,,h i,• 11,\lh'P•" 1h 1,·, 1\h'\l11lh\l I IN \ h ,1,t1111' 11l1llh\ll 11111!, ,·II d1•11lh h, ,,p,1ph"h 1n ln11n1rn lu11~ l'j'lthd i.11 

, ,·II, I ,,11,,•l,-,~1,HI ,-t , 111 ,,,11101, 11r,1I, ''" ,111,11, u.--. 1 ,., 

. f:~ 
PRfNE'fp 

PGP Co/1~1 , f ' Al. 
' t c >41/s ond S . 
, N .1111,11,,.k ,11. nence 

I.' 



fnale R oks Corporate sign in Spr in rrgrstrr 

Wiew PE 

Prer. mandd 
Journal of Molecular Structure 

52022. 23274 

Synthesis, crystal structure, DET and molecular 

docking studies of N-acetyl-2,4-[diaryl-3-

azabieyclo|3.3.1]nonan-9-yl|-9-spiro-4'-acetyl-2'-
(acetylamino)-4',9-dihydro-|1',3',4"-thiadiazoles: 
A potential SARS-nCoV-2 Mpro (COVID-19) 

inhibitor 

rtcle Metrs 

Aad :o Mence ey Share 55 Cite 

PLUM 

FEEDBACK C ec 

P.G 
TVAX VNYN 

SL 

907 LE 



journal of Molrcular trur ture 120 2022 12747 

Contents lists availa ble at ScienceDirect 

Journal of Molecular Structure 

journal hormepage www.elsevier.com/locate molstr 

Synthesis, crystal structure, DFT and molecular docking studies of 

N-acetyl-2,4-|diaryl-3-azabicyclo[3.3.1 |nonan-9-yl|-9-spiro-4 -acetyl-2 
(acetylamino)-4',9-dihydro-[1',3'.4']-thiadiazoles: A potential 
SARS-nCoV-2 Mpro (COVID-19) inhibitor 
Ramachandran Rajamanickam . Rani Mannangatty Jayanthi Sampathkumar 
Kabilan Senthamaraikannan Barathi Diravidamani 

Deportment of Chemisr P Collegr of Arts and Sience (Afihated to Periyor University Salem) Namakkal, 617 207 Tamil oda. India 

Deportment of Chemistry Annamolan Uniivnvit Annamalainagor 08 002 Tamil Nodu Indio 
Deortment of Chemisry NKR Covrmment Arts oollegr for Women (Aiiated to Periyor University Salem) Namakkal. 617 001 famil Nadu. mda 

Department of Phyvicx NAR Cnrmment Artt ollegr for Women (Afiliated to Periyar Uh iverity Salem) Namek kal, 637 D01 Tomil aoda da 

ARTICLE INFO ARSTRAC TT 

In this papcr, we describe the synthesis and crystal structure analysis of N-acety-24-4diphenyl-3-

7abicyclo|3.3.1]nonan-9-yl]-9-spiro-4-acetyl-2 (acetylamino-4 9-dihydro-{13 4Hhadiazoie (3a) and 

Nacctyl 2,4-bis(p-methoxyphenyl)-3-azabicyclo| 3. 31 ]nonan-9-yi-9-spiro4-acetyl-2 4 acetylam1no 
4 9-dilydro-|1'.3,4'|-thiadiazole (3b) The title compounds 3a and 3b are characterized by 10 NM 
and single crystal x-ray diffraction analys1s. Non-covalent interactions in a molecule were dentihed by 

Hirshfeld surface (dporm Contacts and 2D fingerprint plot) analysis. In addition the existence of chalcogen 

bond (Se0 bond) in the molecular structures (3a and 3b) are described by NC-RDC and qTAIM 

analysis. NBO analysis is employed to describe the orbital interactions and eiectron transser between 

sulfur and oxygen atoms. Molecular docking is carried out for compounds 3a and 3b with COD- 19 viral 

protein SARS-nCoV-2 MPro (PDB ID: 6LU7). 

Artcde hrctory 

Roceved January 2022 
Revised 15 February 2022 
Accepted 1 March 2022 

Available online 2 March 2022 

Keywonds 
Ar abicyckoj331 }nonan-9-oncs 
Spiro thiadiazoies 

Chalcogen bond 
SARS-nCoV-2 M 

Molecular docking o 2022 Elsever B.V Al nghts reserved 

chemical stability [ 11]. Thus, thiadiazole derivatives are often used 

to create liquid crystals due to charge-transporting abulity. photo-
conductivity. photoluminescence and mesomorphism (12 There-
fore, development of new piro-teterocycles having thaadiazole 
ring is worthwhile from the perspective of medicinal and material 

chemistry [13,14]. 
Piperidine is an another heterocyclic compound that found 

naturally in alkaloids, and its derivatives have good biological and 
pharmacological properties |15]. On the other hand. the six mem-

bered piperidine ring undergoes several conformational changes 
when introducing electron donating or withdrawing substituents 
at the nitrogen site. For example. the piperidine nng adopts chair 

conformation with electron donating substituent (H. CH3. CH,Ph) 
whereas the electron withdrawing group (heteroatom group. COR 

NO) on the same site adopts boat conformation [16] Recently 
several piperidine derivatives along with the incorporation of het-
ero conjugate groups at the nitrogen atom of piperidine ring have 
been well explored by spectroscopic and X-ray analysis [17-19] 
Earlier reports disclosed that the blocking of secondary nitrogen 
atom in the piperidine ring by electron donating or withdrawing 
groups, abrupt changes were observed in the nng conformations 

1. Introduction 

Spiro heterocyclic structure is a unique feature of a several nat 
ural and syntho:.. prcducts that possess remarkable biolcsital 2c-

tivities [1.2]. The potential use of spiro heterocycles in medici-
nal chemistry has been well documented owing to their promi-
nent pharmacological properties (3]. The thiadiazole moiety is as-

sociated with a broad spectrum of biological activities such as 

antifungal |4]. antioxidant |5). anticonvulsant, antiviral |4]. plant 

growth regulatory [6). CNS depressant [7], and anticancer [8] ac 

tivitiy. Methazolamide is a thiadiazole based drug being used to 

treat reduction of high pressure inside the eyes, prevents blind 

ness, nerve damage, and vision loss and glaucoma (9). Similarly, 
acetazolamide is an another thiadiazole drug candidate being used 

as drug for the treatment of epileptic seizure, and periodic paraly-

sis 10). 
1.3.4-thiadiazole core has been reported as an electron-deficient 

nature, electron-accepting ability and good thermal as well as 
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As atesult, the molecule displays diflerent conlornmation such as 
chau, boat or twist boat foms 

212 N Acetyl 24 [bis(p methoxyphenyl) 3 azabuyclo| 3 3 1 }nonan 9 
v 5spiro 4 acetyl 2 (acetylamino) A 1. 3,4 thiadazoline 

(3D) 
'NMR, (8-ppm) 611 (d. 211, H 2a &H 4a). 322 (d. 2H. H 

The novel coronavius 2019 (nCoV, also called as COVID 19) 
Isdnew stiain nd highly contagious vinal disease Ihe coron 

VTus auses a severe aule iespiratoty sydiome (SARS nCoV 2). 

has showed to be the most deadly global health aiss sine the 

1918 influenza panddemx |20] The novei vius (SARS nCoV 2) has 
proven o be a worldwide unprecedented disaster th.at allects bil 

Tions of lives acoss the world im many ways CuIently, thee are 

le & H Se). 175 (bs, 4H. amide CH, & H7a). 1 68 (nm 21H. HGe 

&HSe). 134 (d. 211. H 6a & 8a). 123 (m. IH, H7e),. 973 (bs, 
1H, spiro NH). 2 19, 190 (s, 611 ammde CH,). 691 (d. 5H, aryl pro 

tons ortho to OC, group. 741 (bs, 311, aryl protons meta to OCH 

roup). 3 82 (s, 6U, OCH group at phenyl group "C NMR (6 ppm) 
DC 6109 (2 &C 4). 4143 ( I& C5). 25 60 (C 6 & C 8). 
I6 78 (C-7), 8745 (C9), 27.37, 2465 & 22 57 (amide CH,). 176 90, 

174.01 & 169.37 (amide C-0): 155 32 (C-N). 158.21,158 14 (C-2 
&C4) 13494, 134 24 (C-2 & C4). 126 70, 11393 (other aryl 
arbons). 95. 30 (OCH, group at the phenyl group) 

no specitic treatment options tor SARS CoV 2 Thus, n has been 

classiticd that covin 19 Is a veiy ae disease with a lmted num 
ber of treatment optons |21 Molecular oc king is the prelimi 
nary study im the dug designing. whih help us to find the possi 

ble bundmg site between lead molecule and proten stUuctre. tor 

Covid 19, several docking studies have been ieported to ind o 

tential anivinal deugs and vames |22-261 

n this pape, we have seected bicyclic ng system that 

contams both heterocyclic (pipeidine) nd non heterocylic 

(yeloheNane) ungs based on spno derivatives viz. N etyl 
2,4 1diaryl3 azabicyclo[3,3.1 ]nonan 9 y|.9 spino aetyl 2 
(acetylamino) 4,9 dihydo |1,3,4'] thiadiazoles (3a nd 3b) to 
descube the spectial characteization and single iyst.al structure 

analys1s. Also, the DET studies have been employed to explore 
the electronme propeities of molecules 3a and 3b. ln addition, the 

moleculI dockmg is caied out to extend the scope ol moleculai 

22 Single aystal X ray analysis 

Colorless rectangular rystals (025, 0.20, 020 mm for 3a and 
0.20, 0.20, 0.25 mm for 3b) were used for the data collections 
The single crystal X ray diffraction data were recorded using a 

CCD area detector al room temperature (273 K). The data re 
duction and cell refinement wee carned out using SAINT/XPREP 

(Huker), and APLX2/SAINT, Iespectively. The crystal structures (3a 
and 3b) were solved by direct methods using SHELX 97 129]. All 
the non hydrogen atoms were treated anisotropically by the full 
matix least squares method, whereas hydrogen atom bound to 
the carbon atoms were constrained isotropically. However, the hy 

drogen atoms bound to the nitrogen atoms refined freely. Graph 
ical molecular illustrations were done with ORTEP 3 for Windows 

stuctune with novel coronavinus causing protei. 

2. Experinmental 

'and NMR specta ot 3a and 3b were obtained fom 
BRUKER AMX 500 MHz FT NMR Spectometer using CDCl as the 
NMR solvent, whereas IMS Was used as an intenal relerence. The 
NMR chemical shift (8) and coupling constants values were mea 
sured in ppm and coupling constants in Hz, respectively. 

30]. The Crystallographic information files (CIFs) were deposited 
in the Cambridge Crystallographic Data Centre. The CCDC number 
for 3a and 3b are 796611 and 793237, respectively. CIF data of 3a 

and 3b can be obtained free of charge from www.ccdc.cam.ac.uk/ 

data request/cit. 

2.3. Hirshfeld surface analysis 

The Crystal Explorer 21.5 program was used to generate Hirsh-
feld surlaces (HS) mapped over dnorm. shape-index and curved ness 
plots 131, as previously studied in reference |32]. The structural 

input 

2.1. Synthesis of compounds 3a and 3b 

The title compounds 3a and 3b were synthesized accoding 

to the Scheme 1. lnitially. 24-diaryl-3-azabicyclo[3.3.1 ]nonan-9-
one thiosemicarbazones (2a and 2b) were synthesized according 
to the literature precedent |27]. The title compounds 3a and 3b 
were synthes1zed by modilication of our earlier reports |28). A 

mixture of 2,4-diarvl-3-arabicyclo|3.3.1 }nonan 9-one thiosemirar-

barone (2a or 2b, 0.5 g) and 20 ml of distilled acetic anlydride 
were heated at 60'C on water bath lor 6 h. Alter completion of 
the reaction, as confirmed by TLC, the reaction mixture was kept 
in the freezer at overnight and the separated solid was filtered off 
dried and purified by column chromatography. The pure ciystals of 
3a and 3b for X 1ay diffraction analysis were grown by slow evap-
oration technique using distilled ethanol. 

iles of 3a and 3b were obtained from CIF data. The normal-
ized intermolecular contact distance was denoted as daorm using 
the following relation. 

de-rdw 

rdw 

d-rdw 
norm 

where de and d, define the distance from the Hirshfeld surface to 
nearest outside and inside the nucleus surfaces, respectively, r,vdw 
dw define the van der Waals radii of outside and inside the 
atoms, respectively. The value of intermolecular contacts (dnorm) 
such as hydrogen bonding. van der Waals radi and steric inter 
action are distinguished by tricolor code; red-white-blue-colors 
respectively. The bright red spots on the Hirshfeld surface show 
the intermolecular contacts less than their van der Waals radii. 
whereas the blue region on the HS demonstrates intermolecular 2.1.1. N-Acetyl-24-|diphenyl-3-azabicyclo|3.3.1 /nonan 9 yl}-5-spiro-4 

acetyl 2-(acetylamino)-A-1,3,4-thiadiazoline 

(3a) 
'H NMR, (8=ppm): 6.13 (d, 21, H 2a & H-4a): 3.30 (d, 21, H-1e 

&H-5e): 1.70 (s, 4H, amide CH, & H-7a); 1.66 (s, 3H, H-6e, H 8e): 

1.30 (d, 211, H-6a & H-8a); 1.24 (m, 1H, H-7e); 9.67 (bs, 111, spiro 

NH): 2.20, 1.90 (s, 311, amide CH,): 7,40 & 7.51 (t & bs, 101, aryl 
protons): "C NMR (8-ppm) CDCI: 61.58 (C-2 & C4); 41.38 (C-1 

&C5), 25.61 (C6 & C 8); 18.30 (C-7); 87.28 (C-9): 27.23, 24.63 & 
22.36 (anmide CH,):. 176.20, 174.22 & 169.55 (amicde C-0); 155.60 

(C-N): 142.95, 142.18 (C-2' & C-4'): 128.53, 126.59, 125.58 (other 
aryl carbons). 

contacts longer than their van der Waals radi. However, the white 
spot on the HS indicates the sum of their van der Waals radi. 

further, the n-n interction between asymmetric units can be de 
tected through the shape index mapped surface as they exhibit ad 
jacent red-blue triangle cocave. 

2.4. Conmputational study 

All quantum chemical calculations were carried out by using 
CGaussian O9 soltware with DET method at 3LYP/6 311G (d.p) level 
33]. CGauss view 5.0.9 was used to prepae and inspect the input 
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NH,OAC 

Warm 

i Ar 

la-1b 

NHNHCSNII2 
HCVEOH 

3h. 

CH CH3 

NH2 

60 C 

6 h 

H3 

CH3 
Ar 

2a-2b 3a-3b 
r=Ph (3a) 

p-0CH-Ph (3b) 

Scheme 1. Synthetic route for the synthesis of compounds 3a and 3b 

and output files. Quantum theory of atoms in a molecule (QTAIM) 
was done with AIMALL software [34] whereas non-covalent inter 
action and radiant density gradient (NCI-RDG) were executed with 
Multiwin and VMD molecular visualization programmes 135]. The 

docking study was carried out using AutoDockTools 1.5.7 136]. The 
selected protein structure for this study was obtained from Pro-
tein Data Bank (PDB ID: 6LU7). Both ligands (3a and 3b) and pro-
tein structure (6LU7) were cleaned prior to the docking using Dis-
covery Studio 2021 Client |37]. The grid box was centered using 

19.173, 10.969, and 68.039 A along x, y, and z axes was prepared 
with 70x 65 x 70 A with spacing of 0.375 A. The genetic algo-
rithm was employed for ligand 3a and 3b as the search parameter 

3. Results and Discussion 

3.1. NMR analysis of 3a and 3b 

NMR signals were assigned based on the signal position, mul tiplicity and integral values [38]. The proton and carbon NMR 
chemical shift values of 3a and 3b are presented in section 2.4. It 
is seen that, two doublets were observed at 6.13 and 3.30 ppm (for 
3a) ppm and 6.11 and 3.22 ppm (for 3b) with two protons integral 
each should be assigned to benzylic (H-2/H-4) and bridgehead 
(H-1/H-5) protons, respectively. The observed chemical shift value 
of H-2/H-4 is deshielded about 2 ppm as conmpared to 2.4-diaryl-
3-azabicyclo|3.3.1 nonane-9-one thiosemicarbazones |27]. which with 100 runs. 
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b) 

Fig 1. a) ORTEP diagram of compound 3a, b) ORTEP diagram of conpound 3b. 

Table 1 

Single crystal XRD data coliection and refinement details of 3a and 3b 

Compound 3a Compound 3b 

Empirical formula 

Formula weight 

Temperature 

C27 H3o N, O, S C29 H36 N4 06 S 

490.61 568.68 
293(2) K 293(2)I K 

Wavelength 
Crystal system, spacee group 

0.71073 A 0.71073 A 

Monoclinic, P 21/c 
a = 9.8486(3) A; b = 13.8532(3) A: 
C= 19.0571(4) A a = 90 deg. f= 101.7150( 10) 

Monoclinic, P 21/c 

a=17.2963(9) 
b-9.2931(5); c=17.6126/8) 

Unit cell dimensions 

=90.00; f= 97.5020(10) 
gamma = 90 deg 

2806.8(2) 
4. 1.346 Mg/m 

deg 
gamma = 90 deg. 

2545.89( 11) A 
4, 1.280 Mg/m* 

0.163 mm' 

Volume 
Z. Calculated density 

Absorption coeficient 

F000) 
Crystal size 
Theta range for data collection 

Limiting indices 

Reflections collected / unique 
Completeness to theta 
Absorption correction 

0.166 

1040 1208 
0.25 0.20 0.20 mm 
1.83 to 26.18 

-12=h=12. -17<=k<=14, -23<=l=17 

0.20 0.20 0.25 mm 

1.19 to 26.93 

-22 =< h =< 21, -11 =< k =< 11, -22 = 1 = < 22 
29917 6081 |R(int) = 0.037| 

26.93 100 
Semi-empirical from equivalents 

25678/5073 [R(int) = 0.0338 

26.18 99.5 
Semi-empirical from equivalents 

0.9681 and 0.9604 Max. and min. transmission 
Refinement method Full-matrix least-squares on F 

5073/0/ 316 
Full-matrix least-squares on F 
6081 0 369 Data / restraints/ parameters 

Goodness-of-fit on F 
Final R indices |1>2sigma(1)] 
R indices (all data) 

Largest diff. peak and hole 

1.040 1.046 
R1 = 0.0798, WR2 = 0.2466 

R1 = 0.1008, wR2 = 0.2717 

2.841 and -0.333 e.A 
796611 

R1 = 0.0487, wR2 = 01402 

R1 = 0.0707. wR2 = 0.1619 

0.686 and -0.456 eA-3 

CCDC 793237 

atoms and hydrogen donor group in the title compounds. the 

crystal structures stabilized through multiple hydrogen bonds 
The dnorm plots of 3a and 3b were mapped with a colour scale 
range of 0.0432 au (blue) and 1.084 au (red). It can be seen from 
dnorm mapped surtace (Fig. 2 and Fig. 3) that there are two major 

3.3. Hirshfeld surface analysis 

3D Hirshfeld surface and 2D fingerprint plots of compounds 
3a and 3b were obtained from Crystal Explorer 21.5 to describe 
the contacts of molecular surface, which have been highlighted 
with conventional mapping of dnorm. as shown in Fig. 2 and Fig. 
3, respectively. Due to the presence of multiple electronegative 

interactions per molecule were detected. As shown in Fig. 2. (for 

compoung3E UFNe two intense red regions on the oxygen 
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a) b) 

Hushiekd surfacr mapvd over /a) da (b) darm nmapped on the Hirshfeld surface along with intermolecular interactions of compound 3a. 

a) b) 

91A 

Fig.3 Hirshfeld surface mapped over (a) dam (b) dasm mapped on the Hirshfeld surface along with intemolecular interactions of compound 3b. 

tron density (p). positive Laplacian (V>p). potential energy den-

sity (V) and local kinetic energy density (G). are summarized in 
Table 4. The bond critical points (BCPs) of molecular structure 3a 
and 3b are shown in Fig. S6. As shown in Fig. S6. bond critical 
point (pBCP) was observed between chalcogen atoms (sulfur and 
oxygen). The electron density p and positive Laplacian V2p value 
were calculated to be 0.017 and 0.053 (for 3a and 3b respectively. 

Table 4). The accumulation of electron density p in the interac-
tion region and the V p values at the Se0 chalcogen bond for 
compound 3a and 3b were found to be quite similar to the results 
from experimental charge density and quantum chemical studies 
on sulfa-drugs (45]. Further, the crystal structure analysis of com-
pounds 3a and 3b show a short S**.0 interaction of 2.710 and 
2.798 A with a linear C21-S1-03 angle of 73.44 and 72.77. re-
spectively. However, the sum of the Van der Waals radii of sulfur 
and oxygen atoms are significantly shorter than S...0 interaction. 
Further, the linearity of the chalcogen bond angle is linked to the 

nature of n-a' interactions. 

1.1 and 1.0-1.6  respectively. Similarly. for and 3.8 at de-di 
compound sb (Fig.5). the Ho*H/H«.H and O.H/H..0 percentage 
contnbutions were found to be 58.6 and 23.7 at de+di ~1.0 

and 0.7-1.1 À respectively. A pair of broad spike peaks were 
observed for C. H/H..C and N*H/H**.N contacts at de+di 

1.1-1.6 and 1.2-1.7 A which calculated to be 114 and 2.0 
respectively. In both crystals (3a and 3b). the existence of highest 
percentage contribution of HoH interaction by 2D-fingerprint 
plots analysis is in good agreement with the single crystal X-ray 

analysis. 

3.4 QTAIM analysis 

Quantum theory of atoms in a molecule (QTAIM) analysis was 
performed for molecular structures (3a and 3b) to understand the 
type of non-bonded interactions. particularly classical hydrogen 
and chalcogen bonds. This can be demonstrated by the bond criti-
cal point and electron density topological paranmeters such as elec- OLLEG 
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b 

Full H H 

T77 TK TT T7 7 

CMH 
OH 

TE T TTT7 TTU TS 7U 77 73 7t 75 oG C5 T 7 T TE T 7 77 7T75 7 

f 3.8 %2.2 % 

15 % 
0H 

61.6 
C H 

16.5% 
N-H 

. S H 

H 

TE TETO 17T T TE 7 77 7 7 7S 

Fig 4. The 2D fingerprint plots for the 3a showing the most intercontacts. a) full, b) H./.H (61.6). (c) C...H/H..C (15 0): (d) 0. H/H. O (165) (e) N H N 

(38). () percentage contribution of various intermolecular contacts. 
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de 

a) b) 

H H OM H 

0 OX TO T7 T TE T 70 77 7 76 75 

c) d) 

C H S-H 
6 

DE DS Tv 17 T3T TN 70 77 73 27t 7 O6 OS TO T7TTE T 7077 77 7 

2.1 %2.0 % 

11.4 % H H 
58.6 % O H 

16 

CH 20:7 
S H 

NH NH 

6 

di 

UE OS TU T7 T T5 T8 70 77 74 76 7s 

Fig. 5. The 2D fingerprint plots for the 3b showing the most intercontacts. a) H...HJH...H (58.6%): (b) O.. H/H.0 (23.7%): (c) C...H/H...c (11.4%); (d) S..H/H..S (14%) e) 

N... H/H...N (2.0%): () percentage contribution of various intermolecular contacts. 

forces in a molecule such as H-bond, van der Waals and steric 
forces. Recently, the classical chalcogen bonding interaction in a 
molecule has been explored widely using NCI-RDG method [47]. 
The scatter graph of RDG against sin(22)p exploring the type of 
attractive or repulsive forces that exist in the molecular structure 
by tri-color scheme (blue-green-red). Blue and green scattering 
graph at the negative sign indicates attractive forces (hydrogen and 
chalcogen bonding and van der Waals forces) whereas red spot 
on the positive sign express thepeptlsiYe forces, which mostly 

GE OF 

In addition, other contacts such as C18-H...017 and C13-H...017 
was observed with 0.0122 and 0.04 (for 3a) and 0.024 and 0.093 
(for 3b) electron density p, and positive Laplacian Vp respec-

tively (Table 4). 

3.5. NCI-RDG analysis 

Non-covalent interactions-reduced density gradient (NCI-RDG) 
method was used to explore the various attractive and repulsive 

9 
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Table 4 

QTAIM topological analysis of compounds 3a and 3b 

Compound 3a 

BCP 3 Atoms Rho DelSqRho K V G DelSqv 
04 0.017166 0.053585 0.000736 0.01192 0.01266 0 04129 

H14 017 0.024281 0.093234 0.002862 -001759 0.020447 0 13332 
20 - H52 0.010473 0.033852 

C24 -

-0 00142 -0 00562 0.007043 -0.02415 
H29 0.008146 0.024771 -0.0010788 0.00404 0,005114 -0 0148 

H29 H44 0.006226 0.018595 0.000715 -0 00322 0.003934 0. 00769 
H25 - H44 0.009692 0027709 -0.0011 39 000465 0.005788 -0.01914 

Compound 3a 

0.00073 -0.011848 0012583 
-0.017071 0.019916 
-0.005401 0006768 

51 04 0.017056 0.053269 0.040829 
H16 0.023652 0.091046 0. 125536 8 O6 -

C9-H40D 
-0.002845 

26 0.010041 0.032541 -0022363 
-0.016634 

0.00130 

0.009399 0.02765 
0.008472 0.025686 

-0.004632 0.005772 
-0.004153 0.005287 

51 H23 H38 -0.00114 

-0.014533 C9 -1 H48 

H38 - H48 0.007647 0.022341 
-0.0011 

0.000819 
34 

-0.003947 0.004766 -0.009975 64 

a) 2 00 0 020 2 00 0 020 
b) 

1 80 
180 015 0015 
1 60 0010 0010 1 60 
1 40 0 005 0 005 

1 40 
20 1 0 000 0 000 

-0 005 1 20 
-0 005 100 

0 8 
-0 010 1.00 

-0 010 
015 080 0 60 S.O -0015 

-0 020 S. -0 0 60 
0 40 Interaction 

0 20 

20 0 40 interactiou -0 025 
0 20 -0 025 

030 
-0 030 0.00 -0 035 

0 00 o 035 

Sigi(au) 
Sign(2 (a.u) 

1) 

Fig. 6. Non-covalent interactions (NCIs) and reduced density gradient (RDG) Interactions: (a) Compound 3a; b) Compound 3b 

occurred in the rings. The following relation can be used for the 
detection of NCI isosurfaces in RDG using this technique. 

showed the electron density (2) value which is similar to the 
electron density of title compounds 3a and 3b. 

+Vp1 
Pr)y/3 

S= 
3.6. DFT study 2(372)) 

To get deep understanding the characteristics of intramolecular 
chalcogen bonds and other forces in a molecules (3a and 
plot of s versus electron density (sin(2)p) multiplied by the sign 
of second Eigen val:e kz was also investigate:i for compound 3a 
and 3b, as shown in Fig. 6. It can be seen from Fig. 6a and 6b, the 

blue scattering spike at the negative sign of A2p (-0.02 a.u) indi-
cate the presence of Se..0 intramolecular chalcogen bond. Further, 
some green peaks were lying at the negative sign of A2p (-0.01 a.u) 
values illustrate the van der Waals and repulsive forces whereas, 
the red spots scattering at the positive A2/p demonstrates the steric 
interaction in the molecule 3a and 3b. Jindani et al. [48] exam-
ined the NCI-RDG analysis for thiazole molecular structure, which 

Density functional theory (DFT) method was employed to in-
spect the structural geometry (bond lengths and bond angles) 
and electronic parameters (EHOMo and EuMo). To describe these 
molecular structures 3a and 3b were optimized at B3LYP/6-
311g(d.p) level, which are depicted in Fig. $7 and S8, respectively. 
The selected geometrical parameters are presented in Table S1. It 

th 

can be seen from the Table S1 that the optimized bond lengths and 
bond angles by theoretical analysis were found to be well repli-
cated with the experimental XRD results, as indicated by the cor-

relation coefficient analysis, Fig. S9 |49]. However, the minor devi-
ations were observed between theoretical and experimental results 
due to the differences in the molecular environment. 
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-1.23 e LUMO 0.73 e\ 

AE 

5.0 eV 4.65 eV 

-6.23 eV HOMO -5.38 eV 

Compound 3a Compound 3b 

Fig. 7. HOMOJLUMO energy diagram of compounds 3a and 3b 

The energy difference between HOMO-LUMO orbital is called en-
ergy gap (AE), which is used to describe the stability of molecules. 
For compounds 3a and 3b, EHOMO and ELuMO values were obtained 
by the DFT method using B3LYP/6-311 g(d.p) level and the 3D 
molecular orbital energies of the compounds 3a and 3b are de-

picted in Fig. 7. From the Fig. 7, the band gap energy (AE) be-
tween HOMO and LUMO orbitals were found to be 5.0 and 4.65 
eV, respectively for 3a and 3h. It can be further discussed that 3b 

In the DFT method of 3a and 3b, the C11-Si bond distance was 
calculated as 1.90 À whereas the XRD value found to be 1.86 A. 
This should be due to stronger interaction between sulfur and oxy-
gen atoms in the gas phase. However, the non-bonded distance 
between the sulfur and oxygen in the optimized structures (3a 
and 3b) were est1mated as 2.84 A (3a) and 2.79 A (3b), well less 
than the combined van der Waals radii of the sulfur-oxygen atoms 
(3.25 A) and consistent with the previously reported S-O rhalcogen 
bond distances |50]. The conformational analysis of two six mem-

bered rings (cyclohexane and piperidine) were described with tor 
sion angle of the corresponding ring atoms. For 3a, the observed 
torsion angle for C3-c4-C20-C19 and C3-C2-C18-C19 were calcu 
lated as 52.56 and -61.06 respectively, indicates the cyclohexane 
ring adopts chair conformation whereas the piperidine undergoes 
boat conformation with an angle of 26.22 and -41.74 for N1-C1 
C2-C3 and NI-C5-C4-C3 respectively. Further, the torsion angle of 
piperidine and cyclohexane rings are in excellent agreement with 
the X-ray results. Similarly. for 3b, the torsion angles of piperi-
dine and cyclohexane rings, C3-C4-C2-C20-C19/C3-c2-C18-C19 and 
C3-C2-C1-N1/N1-C5-C4-C3, were predicted to be 61.53/-61.90 and 

26.20/39.50 respectively. 
The frontier molecular orbital (FMO) analysis is widely used to 

shows about 0.5 eV less compared to 3a due to the presence of 

electron donating methoxy substituent in the phenyl group, which 
further increase the electron delocalization. 

Further using the energy of HOMO-LUMO orbitals, global chem-
ical reactivity descriptor (GCRD) such as electron afinity (EA), ion-

ization potential (1P). Electronegativity (x). hardness (n). softness 
(S) potential (u). and electrophilicity index (o) were calculated. 

The calculated GCRD parameters are presented in Table 5. It is seen 

that the chemical hardness and softness were calculated to be 0.20 

and 0.21 eV for 3a and 3b, respectively. Therefore, the molecule 3a 
and 3b have good chemical stability and strength. However, the 

electronegativity (x). and chemical potential (pe). were estimated 
as -3.73/-3.05 eV; and 3.73 3.05 ev, respectively for 3a/ 3b. 

From the Table 5, it can be concluded that the GCRD parameters of 
molecule 3b is significantly lower due presence of methoxy group 
at the phenyl substituent. 

The molecular electrostatic potential (MEP) of an organic 
molecule can be defined in terms of total charge distribution of the 
molecule. 3D MEP surface encompassing different color scheme 
between blue to red, are depicted in Fig. 8a (for 3a) and Fig. 8b (for 
3b). generated from the optimizadstructure at B3LYP/6-311 g(d.p) 

predict the molecular interactions, reactivity. charge transfer, op 
tical and electronic properties of molecules through highest oc 
cupied molecular orbital (HOM0) and lowest unoccupied molec 
ular orbital (LUMO). HOMO is the electron rich molecular orbital 
with high energy (nucleophile) and electron donating capability 
whereas LUMO is the electron deficient molecular orbital with 
smaller enengy (electrophile) and own electron accepting ability. 
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a) b) 

Fig. 8. MEP Map of the compounds 3a and 3b 

negative potential is dominated over the carbonyl group whereas 

the positive potential exists only on the N-H group. 
Table 5 

Calculated energy values of 3a and 3b at B3LYP/6-311 G (d. p) method. 

Quantum Descriptors (eV) Compound 3a Compound 3b 

-6.23 e -5.38 eV 3.7. NBO analysis MO 

-1.23 eV -0.73 eV LU MO 

As the presence of sulfur and oxygen atoms close in the molec-

ular structure (3a and 3b). we sought to evaluate the strength 

of Se.0 (chalcogen bonding) interaction. To do this, NBO anal-

ysis was performed to get better understanding of inter and in-

tra molecular charge transfer and electron delocalization between 

filled Lewis type orbital (bonding) and empty non-Lewis type or-

bital (anti-bonding) of 3a and 3b using DFT method at B3LYP/6-

311g(d.p) level. The 2nd order perturbation energies of 3a and 3b 

were used to predict the strength and type of interaction between 

donor and acceptor orbitals, and the interacting stabilization en-

ergy. Further, the stabilization energy E(2) is used to define the 

hyper conjugative interactions and charge transfers in a molecule. 
Larger stabilization energy provides a stronger interaction between 
donor and acceptor atoms. Therefore. it is concluded that the sta 
bilization energy E(2) is closely associated with each donor and ac-
ceptor NBO orbitals which are denoted as (i) and ). respectively. 
The energy delocalization between each donor NBO (i) and accep-
tor NBO ) can be predicted using the given equation: 

6.23 eV lonization potential (1P) 

Electron afiniry (EA) 

Energy gap (AE) 
Electronegativity (x) 
Chemical potential () 
Chemical hardness (7) 
Softness () 

Electrophiliciry (e) 

5.3S e 

1.23 0.73 V 

5.0 eV 4.65 e 

-3.73 eV -3.05 
5.05 eV 

2.32 
3.73 eV 
2.50 eV 

0.20 ev 0.21 e 

2.7S ev 2.00 e 

level. It is seen that red, blue and green are the three major color 
scheme. which define the electrostatic potential value. Further. the 
color scheme expands in the order of blue > green > yellow > or-

ange> red. Out of which. the blue regions on the surface signify 
the positive potential corresponds to the electron deficient site and 
favor for nucleophilic attack. whereas the red surface region with 
negative potential. corresponds to electron rich regions and favor 
for electrophilic reactivity. The green color on the MEP surface in-

dicates zero potential. In addition, the pale blue and yellow colors 
on the surface map denote the slightly electron deficient and elec-

tron rich areas, respec:..ciy. For 3a. (Fig. Sa) the red and yellow 

gion are corresponds to the negative electrostatic potential which 
associated with electron rich regions (high electron density) such 

as electronegative groups, and targeted by electrophiles whereas 

the blue region indicates the positive electrostatic potential (low 
electron density) which found mostly on the alkyl groups and as-

sociated with nucleophilic attack. For compounds 3b, (Fig. &b). the 

2) = AEj = 8 
The electron delocalization and its stabilization energies E{2) of 

3a and 3b are presented in Table S2-S3. Based on the results pre-
sented in Table $2 S3, a number of a-d, 7-T, n-T and 
n-d, intramolecular charge transfer processes observed for com-
pounds 3a and 3b. Also, the results revealed that the significant 

Table 6 
The dipole moment (e) (Debye). polarizability (o) and îrst hyperpolanizability () of 3a and 3b 

Parameter 3a Parameter 3a 

-1774 -175.3 31 u 234.1427 -122.5 

dxy 16.37 4.72 y 34.1925 100.94 

dyy -213.46 -243.03 xyy 1.6442 2 .70 

21. 40 -19.97 12.4273 42 2 
-13.6S 6.44 -11.87 21.6636 

224.12 -251.81 Dxyz -1.9129 .78 
8.18 x 10-24 

4.18 
33.05x 10-2 

-1.6750 
19.7101 
11.6066 

d rota Pyyz 38.09 

14.11 

0.32 1.5398 y -14.7295 1.02 
y 

1.1273 -2.6231 7215 0.79 

Protal 4.34 3.47233 total 2.136 x 10-3 9.145 10 
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Fig. 9. a) and b, show two dimensio.l binding interaction between lgands 3a and 3b with active site of 6LU7 amino acid eidues: c) and d) Compounds 3a and 3b show 
hydrogen bonds interactions with SARS-nCoV-2 Main protease (PDB 6LU7) active site 

38 NLO Study orbital interaction between the oxygen lone pair (donor-bonding) 
and sulfur-carbon antibonding (acceptor) orbital (S-Ca* orbital). 
in 3a and 3b were calculated as 2.01 kcal/mol (04 LPS1 
C11 orbital) and 1.99 kcal/mol (04 LP- S1-C17 a orbital. 
respectively. 

Theoretical NLO study was explored for spiro thiadiazole com-
pounds 3a and 3b by quantum chemical calculation to estimate 
the NLO efficiency Th E sip between NLO property and 
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molecular structure was studied theoretically with the aid of 

dipole moment, polarizability and hyperpolarizability, which have 
been calculated using B3LYP/6-311g(d.p) level and the results are 
summarized in Table 6. Based on the data presented in Table 6, 

the dipole moment (4). polarizability and hyperpolarizabil1ty 
values were predicted to be 4.34 Debye, 8.18 10 24 e.s.u and 

2.136 10 30 e.s.u. (for 3a); 3.47 Debye, 33.05 10 24 e.s.u 

and 9.145 x 10 e.s.u. (for 3b). respectively. The calculated first 

order hyperpolarizability 
of urea, which has been used as the reference value for many 
organic compounds [26]. Therefore, the high values of first order 
hyperpolarizability reveal that the synthesized spiro compounds 
3a and 3b have efficient NLO behavior. 

It should be mentioned that the NLO of organic material origi-

"Further, it can be seen in Fig. 9, the carbonyl group of acetyl 
function in 3a exhibits conventional hydrogen bonding with His41. 

Ser144, Cys 145, and His163 residues (Compound 3a). Unlike 3a, 
in compound 3b, sulphur atom in thiadiazole ring and aminno 

group of acetylamino function show hydrogen bond with Phe 140 
and Glu166 residues. The interacting amino acid residues were 

compared with earlier reports [25,26,59]. which showed that the 

residues His41 and Cys 145 are the major catalyt1c active residues 
in 6LU7. Interestingly. lead compounds 3a and 3b exhibit similar 

binding affinity with His41 and Cys 145 amino acid residues. The 
binding energies of 3a and 3b were calculated to be -7.90 and 
7.85 kcal/mol, (Table S4) |60]. As clearly seen from Table S4, the 

existence of methoxy function in the phenyl group was found to 
be insignificant contribution towards the binding affinity". In con-
clusion, the above docking results proved that the ligands 3a and 

3b could be the potential lead molecule for antiviral drug against 
SARS-nCoV-2 MPro 

is significantly higher than that 

nates from delocalized electron density of the substituents. In this 
case, both 3a and 3b were found to be polar in nature and have 
non zero dipole moment components. However, out of 3a and 3b, 

compound 3b contains electron donating p-methoxy phenyl groujp 

which further increase the electron delocalization. Therefore, 3b 
4. Conclusion exhibits greater (fo) values than their unsubstituted phenyl group 

based spiro thiadiazole 3a. 
Thiazole based spiro derivatives 3a and 3b were synthesized 

and characterized by spectroscopic and single crystal X-ray diffrac-
ion techniques. Both the NMR and XRD results proved that the 

bicycli 
and piperdine rings, respectively. The asymmetric unit of crys 
tal structures 3a and 3b are stabilized mainly due to chalcogen 
bond, whereas as the crystal packing is stabilized due to diva-
lent hydrogen bond, C-HeeeT, C-Heo.0, 0-HeeC, O-HessN and 
HeooH interactions. 3D Hirshfeld surfaces and 2D fingerprint plots 
analysis were considered to visually spot the different interac-

tions within the molecular structures. Based on the results, the 
structures 3a and 3b were stabilized through H...H, O...H/H..0, 
C... H/H...C, and N...H/H..N contacts. Further, the 2D fngerprint 
plot analysis revealed that conventional hydrogen bonding con-
tribution ..H/H...0 was calculated to be 16.7 and 23.5 (re-
spectively for 3a and 3b), which could be the strong interaction 
to stabilize the crystal packing. The presences of chalcogen bond 
in the studied compounds were identifñed from the NCI-RDG and 
QTAIM analyses. NB0 analysis suggests that the intramolecular 
charge transfer between oxygen and sulfur and hyperconjugative 
interactions are dominated in the molecular structure. NLO study 
showed that the significant response as compared to the prototype 

molecule (urea). Finally, the molecular docking study was explored 
for the compounds 3a and 3b with COVID-19 viral protein (SARS-
nCoV-2 MPro, 6LU/). Tne results revealed that the various inter-
actions strongly anchored the lead compounds to the active sites 
with minimum binding energy. which was calculated to be 7.90 
and -7.85 kcal/mol for 3a and 3b, respectively. 

3.9. Docking study 

rings adopt chair and boat conformation of cyclohexane 
Molecular docking has proven to be highly efficient method for 

sereening potential drug candidates against specific disease by us-
ing computer aided design |51]. Studies of ligand binding to re-
ceptor proteins using molecular docking provide insights into the 
etfectiveness of the interactions. Recent studies have identified that 

the main protease (MPro) of SARS-CoV-2 have consist of three do-
main such as, domain I (residues 8-101), domain Il (residues 102-

184) and domain l (residues 201-303), which were similar to 
other coronaviruses, COVID-19 viral protein (SARS-CoV-2 MPro ) also 

reside a similar catalytic dyad (Cys145-His41), located in a cleft be-
tween domain I and I [52,53]. Further, these catalytic dyads of 
MPTO are the major protease activity 154]. It was disclosed that 
inhibition of MPro catalytic dyad was found to be potential and 
attractive target for designing and screening of anti-coronavirus 

drug (55], Also, it was reported that no specific therapeutic agents 
or vaccines yet to be identified to treat the infection caused by 

COVID-19. However, only few clinically trial antiviral drugs such 
as antimalarial, and anti HIV have been used as the supportive 
measures to treat COVID-19 infections (55,56]. Virtual screening of 
molecular docking provides an alternative approach to screen the 

potential drug candidates for the specific illnese at relatively short 

time. 
Studies have been reported various therapeutic options against 

the COVID-19 causing protein (SARS-
docking studies |57,58]. The docking studies have been applied on 

compounds 3a and 3b with "6LUT" protein which was taken from 
protein data bank (PDB ID: 6LU7). To examine the protein-ligand 

binding affinity, 6LU7 and lead compounds (3a and 3b) were fit-
ted to interact with the active site of amino acid residues by us-

ing autodock tools. The obtained binding interactions are shown in 

Fig. 9a and Fig. 9b of 3a and 3b respectively. The docking results 

showed that the lead compounds 3a and 3b are formed various 

binding interactions including H-bond, T-cation, and r-sulfur in-

teractions. Also, this Fig. 9 presents the best docked poses of our 

ligand in 6LU7. It can be seen from Fig. 9a, Compound 3a showed 

significant binding affinity with His41, Met49, Ser144, Cys145, and 

His163 residues, whereas lead compound 3b (Fig. 9b) showed 

interactions with His41, Met49, Pro52, Phe140, Asn142, Cys145, 
Glu166, and Arg188 residues of 3CLPTO. Among these, His41, Ser144, 

Cys145. and His163 (for 3a) and Phe140, Cys145, and Glu166 (for 
3b) displays conventional hydrogen bonding, whereas Met49 forms 
T-cation, and 7-sulfur interactions with compounds 3a and 3b. 

V-2) through molecular 
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ABSTRACT 

Four new Cu(ll), Ni(l), Co(lI) and Mn(II) metalloinsertors have been synthesized by 

using a Schiff base, formed by the condensation reaction of isatin, p-chloroaniline with 1, 10-

phenanthroline. They have been structurally characterized by IR, UV-vis, NMR, EPR, 

clemental analyses, molar conductivity and magnetic susceptibility studies. The molar 

conductance data of the complexes indicate that they are non-clectrolytes in nature. The 

spectral and analytical data reveal that the complexes take up distorted octahedral geometry. 

They have been examined for their antibacterial activities against few pathogens. The data 

reveal that the complexes exhibit betler biocidal activities against bacteria than the free Schiff 

base ligand. The gel electrophoresis experiment reveals that the complexes are good chemical 

nucleasCs. 

Keywords: Metal complexes, Antibacterial activity and DNA eleavage 

INTRODUCTION 

DNA binding of metal complexes can be used as potential anticancer drugs, 

has been widely investigated beccause they DNA structural probes, DNA foot printing 

EN 
458 

1YBNAS, March, 2020, 9(3) 



Research Aticle T. Sujeshwan et al 

agents, DNA dependent electron transfer activity of metal complexes with the metal 

To our probes. sequence-specific cleaving agents 1ons rather than the ligands. 

and so on [1]. DNA is the primary target knowledge, no work has been reported on 

molecule for mainly anticancer and the condensed reaction of the isatin. p-

antiviral therapics according to cell chloroaniline with 

biologists. Investigations on the interaction 10-phenanthroline and its transition metal 

of DNA with small molecules are complexes as chemical nucleases. In 

significant in the aim of new types of continuation of our journey toward the 

pharmaceutical molecules. While Ihe Cxploration of novel potentially active 

chemical nuclease activity of transition drugs, we hercin report the synthesis, 

metal complexes was discovered in the ycar characterization and DNA interaction of 

1980, studying the interaction model and Schiff base transition metal(II) complexes. 

the mechanism of transition metal EXPERIMENTAL 

complexes with DNA moecule. All reagents and chemicals used. and 

exploring the application isatin, p-chloroaniline with 1. 10-of metal 

complexes in antineoplastic medication, phenanthroline and various metal(ll) 

molecular biology and bioengineering have chlorides, were Merck products and used as 

turn out to be hotspots in recent years. supplied. Commercial solvents 

Some kind of metal complexes when were distilled and then used for the 

interacted with DNA might induce the preparation of ligand and its complexes. 

breakage of DNA strands by appropriate Microanalyses (C, H and N) were 

methods 12]. Schiff bases form a vital performed in Carlo Erbal 108 analyzer at 

separation of organic compounds in Sophisticated Analytical Instrument 
chemistry due to their useful physical and Facility (SAIF). The electronic absorbance 
chemical properties and great number of spectra in the 200-800 nm were recorded 

reactions that they undergo. Schiff bases, on Double beam spectrometer Cyber lab 
derived from substituted aliphatic amines between 200 800 nm. Magnetic 
and aromatic aldehydes, have an extensive susceptibility measurements of the 
variety of applications in many fields, e.g. complexes were carried out by Gouy 

inorganic, biological, and analytical balance using copper sulfate pentahydrate 
chemistry [3-4]. as the calibrant. IR spectra were recorded 

In literature, several reports with Perkin-Elmer FT-IR-8300 
associate the consequence of the biological spectrophotometer in the 4000-400 cm 
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range using KBr pellets. NMR spectra were precipitated complexes were filtered off. 

recorded on a Bruker Spectrometer at 400 washed with ethanol and then dried in 

MHZ in DMSO. Electron paramagnetic vacuuo 16-71. 

resonance spectra of the mixed ligand 

complexes of copper(1I) were recorded on a 

Varian E 112 EPR spectrometer in DMSO 

CI solution both at room temperature and 

liquid nitrogen temperature (77 K) using 

TCNE (tetracyanocthylene) as he g 

marker. 

Synthesis of Schiff base ligand (4 
M-Cu(ll), Ni(l1), Co(I) and Mn(11) 

Figure 1: Strueture of Mononuclear Schiff base 
Metalll) complexes 

Chloro-phenyl)-(2-imino-1,2-dihydro-
indol-3-ylidenc)-aminc)-1-chloro-4- RESULTS AND DISO N 

methyl-benzene The Schiff base ligand and its 

The Schiff base ligand was Cu(ll), Ni(l), Co(ll) and Mn(ll) complexes 

synthesized by adding 1satin (1 mM) in 20 have been synthesized and characterized by 

ml of ethanol, p-chloroaniline (2 mM) in 20 spectral and elemental analytical data. They 

ml of ethanol. The mixture was refluxed for are found to be air stable. The ligand is 

2-3 hrs. Then solution of the ligand was soluble in common organic solvents and all 

kept for slow evaporation and yellow the complexes are freely soluble in CHCl3, 

colored precipitate was collected and dried DMF and DMSO but partially soluble in 

in air [5]. methanol and ethanol and insoluble in 

Synthesis of Schiff base metal complexes water. 

The ethanolic solution of Elemental analysis and molar 

synthesized ligand (1 mM) was added conductivity measurements 

dropwise stirring to an ethanolic solution of The elemental analysis results for 

the metal chloride (1 mM) (Metal = Cu(ll), the metal complexes are in good agreement 

Co(l), Ni() and Mn(l)) with constant with that of the calculated values (Table 1) 
stirring and followed by an ethanolic showing that the complexes have 1:1:1 

solution of 1, 10-phenanthroline is added metal-ligand stoichiometry of the type 

and the mixture was boiled under reflux for MLL2, wherein Li is (4-Chloro-phenyl)-

3-5 hrs. Then, the volume of the reaction (2-imino-1.2-dihydro-indol-3-ylidene)-
mixture was reduced by evaporation. The amine)-1-chloro-4-methyl-benzene and L2 
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. 10-phenanthroline. The metal(l) ligand. In addition. the appearance of ne 

complexes were dissolved in DMI and the bands at 335.10-348.22 cm showing the 

molar conductivitics of 10 M of their involvement of v(M C) bond in 

solution lemperaturewere the complexes formation, supporting the IR TOom 

measured. The lower conductance values spectral study (Table 2). 

5.4-10.2 ohm' cm mol' of the complexes 'H-NMR spectra 
support their non-electrolytic nature of the 'I NMR spectra of the ligand were 

compounds. recorded in DMSO- d, at room temperature. 

IR spectra The azomethine proton (-CH-N) signal in 

IR spectra of the complexes clearly the spectrum of the ligand was shifted 

point out the bonding association of the down ficld (8.7 d) compared to the free 

ligand with the metal ion. The spectrum of ligand, suggesting deshielding of 

free ligand showed a band in the region azomethine group due to the coordination 

1616 cm characteristics of the vC=N) with metal ion. And the other signals in the 

(azomethine) stretching mode indicating region 6.24-7.72 ppm exhibits due to 

the formation of the Schiff base product. aromatic protons. The peak observed at the 

This band was shifted toward lower range of 3.6 ppm due to -NH proton in 

frequencies in the spectrum of its metal ligand 19]. 

complexes (1602-1610 cm') compared Electronic spectra and magnetic moment 

with the above Schiff base indicating the The electronic spectral data of the 

involvement of the azomethine nitrogen in metal(11) complexes in DMF solution are 

coordination with metal ion 18]. The displayedin Table 3. The nature of the 

coordination of nitrogen to the metal ion ligand ficld around the metal ion was 

could be expected to reduce the electron deduced from the electronic spectra. The 

density of the azomethine link and thus electronic spectrum of Co() complex 

caused a shift in the v(C=N) group. exhibited three bands in the region of 650, 

Conclusive evidence of the bonding was 585 and 550 nm which were tentatively 
also shown by the observation that new assigned TIg 4T2g(F) (v) to 

bands the spectra of all metal complexes Tg'AgF) (7:) and Tig-Tig(P) (v:) 

appearing in the low frequency regions at transitions, respectively. The value of 

483-465 cm characteristic to v(M-N) magnetic moment was 5.10 B.M. which 

stretching vibrations, respectively, that indicates the presence of Co(ll) complex in 

were not observed in the spectrum of free octahedral geometry. The electronic 
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spectrum of the Ni(lI) complex showed which suggest octahedral geometry. In the 

three bands at 690. 545 and 570 nm spectra of the Schiff base ligand. the 

assignablc to A:gT:g () (v7). absorption band observed at 281-294 nm 

A:gTig (F) (V:) and 'A:g'Tig (P) (v3) were assigncd to intra-ligand " 

transitions, respectively. The value of transition and the band at 342-390 nm were 

Imagnetic moment was 3.40 B.M: therefore assigned due to nn° transition associated 

octahedral geometry is suggested for this with the azomethine chromophore (-C-N). 

complex [ 101. The Eg and Tg states of EPR Studies 

the octahedral Cu(l1) (d) split under the The EPR spectra of complexes 

influence of the tetragonal distortion and provide information of importance in 

the distortion can be such as to cause the studying the metal ion environment. The 

three transitions Big 'B»g: *B1gEg ESR spectrum of Cu(lI) complex were 

and BigAg to remain unresolved in recorded on X-band at frequency 9.1 GHz 

the spectra. It is concluded that. all three at room temperature. The spectra exhibited 

transitions 640, 555 and 520 nm lie within a single anisotropic intense sharp signal at 

the single broad envelope centered at the room temperature with no hyperfine 

same range previously mentioned. This splitting as shown in Figure 2. This 

assignment is in agreement with the general suggests that copper ions in are 

observation that Cu(1I) d-d transitions are mononuclear environment. 

normally close in energy. The magnetic The EPPR spectrum of the 

moment of 1.97 B.M. falls within the range CuC20o413NsCl)] complexes show a 

normally observed for octahedral Cu(l1) broad signal with giso at 2.0001 which is 

complexes. The electronic spectra of consistent with an distorted octahedral 

Mn(11) complexes show the absorption geometry [10]. 
bands in the range 684, 545 and 520 nm. Antibacterial activity 

These absorption bands may be assigned to The synthesized ligand and the 

the °Aig"A1g, °Aig- "A2g, and °Aig complexes were tested for their in viro 

"Eg. "A1g transitions, respectively antibacterial activity. They were tested 

These bands suggest that the complexes against the bacteria S. aureus, B. subtilis, E. 

possess an octahedral geometry. The coli and K. pneumonia and the values of the 

Mn(11) complex show magnetic moments is investigated compounds are summarizedin 

5.92 B.M. at room temperature Tables 4. A comparative study of values of 

corresponding to five unpaired electrons ligand and the complexes indicates that the 
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metal complexes exhibit higher synthesized Schiff base ligand has 

antibacterial activity than the free ligand. reasonable inhibitory effects on the growth 

Such increased activity of the complexes is of tested microorganism. This is owing to 

able to be explained on the basis of the the presence of azomethine groups which 

Tweedy's chelation theory [11]. Chelation contain chelating properties. These 

reduces the polarity of the metal ion properties may be used in metal transport 

significantly because of the biased sharing across the bacterial membranes or to 

of its positive charge with the donor group connect to the bacterial cells at a specific 

and also due to p-electron delocalization on site from which it can get in the way with 

the whole chelate ring. The lipids and their growth. The present investigations of 

polysaccharides are some significant antimicrobial activity data indicated that all 

constituents of the cell wall and membranes of the newly synthesized complexes 

which favoured for metal 1on exhibited slightly different antibacterial are 

interaction. Apart from this. the cell walls activity as compared to that of the control 

also hold many phosphates. carbonyl and drugs. 

cystenyl ligands which keep up the Chemical nuclease activity 

integrity ot the membrane by acting as a The DNA cleavage efficacy of the 

diffusion barrier and also give appropriate complexes compared to that of the control 

Sites for binding. Furthermore, the is due to their efficient DNA-binding 

reduction in polarity increases the ability 12. When super coiled 

lipophilic character of the chelates and an pUC18DNA is subjected to electrophoresis, 

interaction among the metal ion and the relatively fast migration will be observed 

lipid is favored. This may lead to the for the intact super coiled form (Form I). If 

breakdown of the permeability barrier of scission occurs on one strand (nicking), the 

the cell resulting in interfering with the super coiled form will relax to make a 

normal cell processes. Besides this, the slower moving nicked form (Form I). If 

complexes might also indulge in the both strands are cleaved, a linear form 

formation of hydrogen bonded interaction (Form III) that migrates between Forms I 

throughout the coordinated anions and and II will be generated. In the current 

azomethine group with the active centers of study. DNA cleavage was analyzed by 

the cell constituents. Factors able of monitor the conversion of super coiled 

increasing lipophilic nature are expected to DNA (Form ) to nicked DNA (Form II) in 

improve the antibacterial property. The the presence of oxidant H2O2. From Figure 
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3 (lanes 36). it is evident that the nuclease activity in the presence of oxidant 

complexes eleave DNA more efliciently in H,0, which may be due to the increased 

the prescnce of an oxidant (11:0:). This produetion of hydroxyl radicals. Control 

may be attributed to the formation of experiments by means of DNA alone (lane 

hydroxyl tree radicals. The O1° free 1) did not show any significant cleavage of 

radicals participate in the oxidation of the pUC18DNA even on longer exposure time. 

deoxyribose moicty, followed by hydrolytic From the observed results. it is concluded 

cleavage of a sugar phosphate back bone. that all the complexes efficiently cleave the 

All the complexes showed prominent DNA as compared to control DNA. 

Table 1: Analytieal data of the Schiff base ligand and its mononuclear metal complexes 
Moleeular 
Formula 

Molar conductance 
(ohm" cm* 

mol T') 

Yicld % Melting 
Point 

color 

Compound Metal Nitrogen 
Cal Exp () Cal Exp 

CzollN,CI 
jCuCalNCL)| 
Ni(CoNCL 

|ColLL |Co(C2ollN,CL)L 
L IMnl,ll|IMn(C2ollsN,CL)| 

Y'ellowish orange 140 9.88 9.86 

CulLL 
NilLL 

12.63 
11.79 
11.82 

Green >200 11.15 11.14 12.64 
11.23 11.80 

11.25 11.23 11.83 
75 >200 11.34|1.33 11.12 11.10 

8.2 
7.9 
10.2 

Brown_ 75 >200 11.26 
Brown 70 >200 
Black 

Table 2: Infrared Spectroscopic Data of the Schif Base 1Ligand and its mononuclear metal complex 
Compounds 

CollN,C 
ICu(CallNCL)| 
INi(C20,NCL| 
ICo(C NCL)| 

LMn(C;oll,NCL)] 

C=N) (cm')|(C-O) (cm")| (M-N) (cm)| (M-C) (cm")_ 
1616 1255 

1270 
1310 

1608 338.12 465 
470 1610 

1615 
335.10 
348.22 
345.36 

483 1330 
1325 1602 480 

Table 3: Electronic Spectral data of Schiff base ligand and its complexes 
Electronic spectra (nm) 

nT* L-M| 
374 

Geometry of the 

compleX Compound 
C20l1N,Cl 

ICu(C%sNCL)| 
Ni(C0 N,CL) 
ICoCzolsN.CL) 
IMn(Cl8N.CL) 

d-d 
295 

640, 555, 520 
690, 545, 570 
650, 585, 550 
684, 545, 520 

280 375 
395 

450 
445 
455 
435 

290 Distorted 

285 
290 

Octahedral 340 
344 

Figure 3: EPR speetra of | Cu(C2ollNC\L)] complev 
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Tuble 4: Antilne ter inl ntivity I heteeye li Se bitt base li ands und its monone ear me tal eople s 

0ne l iuhilitiom (un) 

COnundy nponitive bartenia negative bacteria 

has illus nuhilis whri hu euli 

onentution (pp/nml) 
Suypayho Cus aurenus hlesiellu pueunoniur 

S00 75 100 25 | 50| 75S S00 75 00) 100 25 50 75 100 

7 7 

12 1415 12 101 14 
12 

0 12 4 
7 

H1517 20 

10 12 2 17 

INi( 2uN, 
N,1) 

2 7 

121 12 10 

10 

Sreptomycin 6 17 20 12 1620 1 14 1 22 

Lane 1 2 3 6 

Fom 

Fom III 

Fomn II 

Figure 3: ( hanges in the agarse pel eeetrophoretie pattern of pt I8IDNA indured by 1,0, and metal complexes 
Lane 1-DN.A alone; ILane 2- DNA ulone 1,0,; 1 ane 3-DNA |'u(ol, sN, L) I1,0; Iane 4-1DNA 
INic ol,N. 1I 1,0,; Iane5-DNA 1 |C'oll ll,N,( 1,1; ILane 6-1DNA IMn(ull,N, L)I* I1,0, 

CONCLUSIONS promising results have been observed for 

l'rom the clemental analysis, molar the antimicrobial screening particularly for 

conductivity, UV-Vis, magnetic, IR and 11 the metal complexCs against bacteria and 

NMR spcctral data, it i: fos»ible to decide what may bu attributed to the fact that :he 

the type of coordination of the ligand in metal complexes are potentially active 

their metal complexes. Bascd on these dala, gainst bacterial cells. 
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ABSTRACT 

Grid computing is an emerging paradigm for next generation distributed computing. The Grid is a highly dynamic 
" wn serverS coming on-line, going off-line, and with continuously varying demand irom he clicnts, 

Aavancc Keservation is a process of requesting resources for use at a specific time in the future. COmnon esources wose usage can be reserved or requested are CPUs, memory, disk space and network bandwidtn. Keservaon 1ora 

u c soves ne above problem by allowing users lo gain concurrent access to aacuacresources or appicarons to De executed. Reservation also guarantees the availability of resources to users ana appieations at the 

required times. In this paper experiments analyzed and compared Average Waiting Time and Kesource 1ale unme 

of four ditlerent Reservation techniques such as RSPB, ORR, TARR and DRR. 
Keywords: Grid Computing, Resource, Reservation, RSPB, ORR, TARR and DRK 

INTRODUCTION rejected due to nstantaneous peaks ot resource 

utilization. Gaps between these peaks are too narrow for 
Grid computing uses middleware to coordinate 
dissimilar IT resources across a network, allowing them 
to function as a virtual whole. The goal of a computing 
grid, like that of the electrical grid, is to provide users 

additional requests to fit in. As a result, the cal 
acceptance rate of reservation would decrease 
dramatically, and the perlormance of resource may be 

reduced. In fact, many resource reservations for grid 

with access to the resources they need, when they need applications do not need fixed parameters. In flexible 
them. Grids address two distinct but related goals: 
providing remote access to I'T assets, and aggregating 

advance reservation, parameters can be modified 
according to resource status in order to fill the gaps of 

resources. Particular admission control algorithm for 

this new type of reservation is also provided. Simulation 

shows that it can improve performance of resource 

reservation in terms of both call acceptance rate and 

resource utilization [2J. 

processing power. The most obvious resource included 
in a grid is a processor, but grids also include sensors, 

data-slorage systems, applications, and other resources 

Grid resource management (administration) plays a 

substantial role while enabling the sharing and The advance resource reservation technique makes it 
possible to obtain a guaranteed start time for a job, 

giving several advantages. It makes it possible to meet 
element of the grid resource management. An advance c0ines tor time-critical jobs and to coordinate the job 

corainating o resources n gid compuring 
environments. Resource reservation is an imporlant 

with other activities. The reservation protocol suppcorts resource reservation is a scheduling object which 

reserves a group of resources for a particular timeframe 

for access only by a specified entity or group of entities. 

IWO operations: requesting a reservation and releasing a 

reservation. The reservation request contains the start 
time and requested duration of the reservation and ne required number of CPUs. Upon receiving a reservation 

request from the broker, the server on the resource 

Kequests of advance reservation wilh fixed parameters 

(Start time, End time and resource capability) may be 

CSETI2410 Received : 10 July 2017 | Acceptcd 3 Duly 201 July-August-2017 I(24: 66-73 
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priorities of the various 
reservation requests. In RSPB, 

cach reservation request has an associated benefit 

function that quantifies the "profit 
for the client 

accrued by the client by securing the resource at the 

requested level. When the client is wIlling to negotiate 

for lower service levels, it could indicate this by 

providing a benefit function that shows a reduced but 

positive benefit for lower resource 
levels. This facility 

provided by the benefit functions removes the need for 

negotiations when there is a resource scarcity. The 

RSPB can be implemented on top of a CPU scheduler 

such as the DSRT [S] or a QoS enhanced operating 

system kernel such as QLinux [5| 

authorizes the requestor. After authorizing the user, the 

job management plug-n of the server invokes a script to 
request a reservation from the local scheduler. If the 

scheduler accepts the request and creates the reservation, 
the server returns a unique identifier and the start time 

of the reservation to the broker. If no reservation can be 
created, a message indicating failure is returned [3]. The 

server saves the reservation identifier and a copy of the 

user's proNY Tor every successful reservation, enabling 
subsequent authorization of the user who made the 

reservation. To release a reservation, the broker uploads 
a release message containing the reservation identifier 
and the server contirms that the reservation is released. 
Within larger combined distributed systems, the 
efficient description of resources plays a signiticant role 
in the perfomance of the computing system. However, 

Reservation Scheduling with Priorities and Benefit 
Functions: The algorithm is based on the following 

underlying assumptions. Once a request is granted 
reservation, a contract for the reservation is signed 

between the application and the system. The reservation 

scheduler won't examine the same request more than 

distributed resource allocations can also result in lower 

resource utilization owing to the delay involved in 

arbitration, the delay in taking up the agreed resources, 
and the tentative allocation of resources during thee 
arbitration process. Resource oversubscription allows 
for better utilization of resources in distributed systems, 
however, this must be done in a controlled way to 

ensure that the resulting allocations can be fulfilled. 

once except when a QoS violation occurred. This 

situation should be handled by a higher level QoS 

broker that engages in renegotiation to establish another 
reservation or a continuation of the current reservation. 

Based on the operating policies, the reservation 

scheduler may find another reservation or the 
application may operate under best-effort conditions. In 

this algorithm, each reservation request involves a 
single resource, i.e., no co-reservation of resources is 

considered here [6]. Figure 1 shows the outline of the 

dynamic reservation scheduler. In this scheduler, 
dynamically arriving requests are collected for a 
predefined time interval to form a meta-request. 

IL ADVANCE RESERVATiON ALGORITHMS 

A. Reservation Scheduler With Priorities And Benefit 
Functions (RSPB) 

The l4] proposes and evaluates several algorithms for 

Supporting 
scheduling systems. 
traditional scheduling algorithms by unifying 

advance reservations in supercomputer 
These algorithms improve 

scheduling traditional tasks from job queues with the 
reservation requests. These advance reservations allow 

Users to request multiple resources simultaneously from 

scheduling systems at specific times. However, [4] 

allocates the "time slots" exclusively, ie., the resources 
are not reserved in a shared fashion by multiple clients 

for the same duration. The applications are assumed to 

"best effort" basis and the reservation 

t=to scheduler start time 
At ii inter-schedule time 
while (true) 
t= t + At; 

while (currentt time < t) 
get current request R; 
add R to Rimeta 

1f (reuested start time of R < t) 
operate on t = current ttime; 

endif 

endwhile 
requests are assumed to have different priority than the 

applications. These differences in priorities are 
considered while the reservations and applications are 

schedule Rmeta (Rmeta) 
endwhile 

scheduled by the system. A Reservation Scheduler with 

Priorities and Benefit Functions (RSPB) algorithm Figure I: Outline of dynamic reservation scheduler. schedules reservations while considering the relative 
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Thus the slice queue nmaintains the free time slices. The 

Slice queue consists of slice id, the slice start time (SST) 

and the slice finish time (SFT) of a free slice. The 

following algorithm inserts the free time slices into he 

B. Optimal Resource Reservation 

In the ORR (Optimal Resource Reservation) approach the best fetch strategy is considered. During reservation, 
queue. if the slots requested are empty then they are reserved. The conflict occurs only when the slots are not available. Normally. the reservation denial is done in FCFS 

Algorithm 
SLicegueue_Insert (reserve list) 
Begin 

front O, rear 0 

for i = 0 to 1ist_size - 1 

timeslice 

approach. In TARR, the free slots are considered and the reservation slots are provided rathher than as a single slot. For this purpose, in addition to the proposed start time and finish time, the defer time (DT) is also considered. The defer time is time until which the job can be completed or considered for reservation. In 

startit1 - finishi 

if timeslice > 0 
then 

sst t1nishi 

Btarti+l1 TARR approach, whenever a free slot is available it is allotted as such. TARR necessitates more context 
SCequeuetzear]= 

{sid, ssT, 3F 
1 

for 
Gnd switching i.e., whenever a small chunk of time slice is available, then that is reserved which requires more 

end 

end 
process suspension and resumption. The entity resource 
can be reserved for a period of time. After the elapse of 
time the current process in execution need to undergo 
process switching. The current status of the PCB 
(Process Control Block) is stored. And the detail on 

process to be resumed is retrieveed. The new process 
possesses the resource. The state transition or process 

While considering the Figure 2, the free slots from 3 to 
S and from 10 to 16 are placed in the slice queue. The 
Slice queue maintains all the free time slots. The time 
slots are taken in first free slot available approach as in 
TARR. The slice queue for Figure 2 is shown in Figure 3. This leads to more context switching which leads to 
increase in overhead. Switching causes additional overhead. Hence in this 

ORR the slicequeue and select slicequeue are 
maintained [6]. Iront Rear 

Slice Queue: The reservation list of a resOurce 
maintains the details on resource and also the job which 
has reserved the respective resource. Figure 2 depicts 

Figure 3: Slice Queue. the resource list with reser 1on and empty slots. 

Select Slice Queue: After generating the slice queue, the slice is searched for reservation. The.slice queue consists of all the free slices. But not all the free slices 

Free s Free slo 
J4 JS L 

can be used. Hence, the select slice queue algorithm finds the slice which is more relevant to the required slot. The algorithm considers the free slot and the Defer Time (DT) to fetch the slots [7]. 

Start J1 frishJl sart}3 nish) 

Figure 2: Reservation List maintained by resources 
To find the empty slice initially the reservation list is 

taken as input. The reservation list consists of the job id 

which has reserved the resource with its period of res-

rvalion 1.e, its start time and finish time. The free slots 

are identified. The difference between the finish time of 
the previous reservation and the start time of the current 

Algorithm 
selectslicequeue (slicequeue) 
begin 

if slicequeue is empty then reservation is computed. If there exist any time then that 
free slice is inserted into the slice queue. 

return no_slice 
else 

for 
to s1ze (slicequeue) 

Cssuc 4 | July-August -2017 www.Jsreseil.com 
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if slicequeue. sft < Algorithm 
ORR (JID, 

SolectSlicequeue) 

DT) then bogan 

nsert 

selectslicequeue (sid, sliceque 

requiredtime 
FT - ST 

for i1 to size (selectslicequeue) 

lot solectslicequeue. sft 

TOund 0 

1e. Sst, 

s1icequeue. sft) seleotalicequeue. sst 

if (slot > requiredtimo found 

then 
allot (sid, 

selects11cequoue. s8t, 

selectslicequeue. srt) 

Ond 

ond for 
nd p) 

end 

The selectsliccqueue algorithm selects the slots only 
return when the time slice is within the defer time. 
else 

requiredtime requiredtine-

ORR Algorithm: The ORR algorithm finds the optimal 
time slice from the selectslicequeue. For this the 

algorithm takes in the job id of the process and the 

selectslicequeue as input. And it eturns the optimal 

8lot 

allot (sid, selectsl1cequeue. ss 

t, selectslicequeue. sft) 

tOund tound + 1 

end 

end for reservation of resource which is explained in following 

algorithm. The selectslicequeue maintains the time 

slices that can be reserved. The size function in ORR 

if found > T then 

randomize (selectslicequeue) 
ORR (JID, selectsSl1cequeue) 

returns the number of elements in the particular queue. 

Initially the time required for the job is estimated. It is 

computed by calculating the difference between the fin-
ish time of that job and the start time of the job. Then 

they found value is set to zero. It is used as a flag 

variable. If it is let as zero then it means that the 

else 
assignslice (found) 

return 

end if 
nd 

C. Time-Slice based Advance Resource Reservation 

(TARR) reservation is not made possible. Only when it is turned 

to one the slot is available. The size of the free slice is A new reservation scheme called Time-Slice based 

Advance Resource Reservation (TARR) is proposed. n 

this scheme, the reservation is done when the resource 

is free. If the resource is already reserved during that 
timeslot then the free the time slices can beused for the 
reservation. This splits the resource utilization period, 
i.e., whenever a free time-slice is available the resource 
is reserved for that duration and the remaining is 
deferred over a period of time where the free time slice 
is available In all the existing approaches only when 

the resource is available in the specified start time and 
finish time the reservation is done. Because of this even 
if the resource is available for short duration than 
expected then the resource is kept unused. The TARR 
approach tries to remove this drawback by allowing the 

usage of time-slices between the existing reservations 
The Start, finish and defer time for using the resources 
are given by the user while submitting a job tor 
execution. The start time and finish time are the 

computed from the selectslicequeue. Since thee 

selectslicequeue maintains the slice start time and slice 
finish time the difference between the two is computed 

and maintained in slot variable. In this algorithm if the 
first slice itself is in required size then it is allocated and 
t i5 the optimized allotment as it doesn't require the 

context switching. Otherwise the slot is allotted and the 

required time is reduced by the slot value. So that the 

required time value contains the required time slot after 

partial reservation. The found value indicates the 

number of time slices considered for reservation for the 

particular job id. The found value is compared with the 

threshold value. If they found is greater than the 

threshold value then the randomize function is called on 

the selectslicequeue. This function shufiles the time 

slices and the time slices are selected. When the 

numbers of time slices are below the threshold value xptd start and finish time for using the resources. 
Sometimes it is not possible to reserve the resource at the stipulated start and finish time. In such case the 

reservation can be done until the defer time. Defer time 
is the time until which the reservation can be postponed 

then the selected slices are assigned for the job [8. 
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checked for the rescrvation rcquircment 
al that particular 

point of time. If the reservation requirement is not required 

then the current rescrved slot IS providcd to the current 

process 10 

TARR Algorithm 

Algorithm TARR 
if List is ompty then 

no contlict found. Honce 
accopt the new reservation. 

Slice Queue: The free time slots arc maintained in the 

slicequcue for cvery 
resourccupto 

a specilicd time. 

Normally, the slicequcue uscd to have the start time and 

finish time. Whenever the resource request is made then the 

else 

for i 0 to List-Size -1 do 

Put i into templist if one of 

availability is checked in this slicequeuc. 1 he time slot is 

available then it is provided. If the time slot is not available 

then the DRR algorithm can be used to get the required slice 

from the slice queue depending upon the possibility. The 

algorith1m DRR shows the proposed 
reservalion schcme. The 

algorithm takes in the process id, start ume (Sl), finish time 

(FT) and defer time (D1)as input. 

the properties are true 

Startnew S startiksfinishnewz 
finishi I Startne S finishi| 
finishnews tinishi 

O 
if temp1ist is empty then 

no conflict found. Hence 

accept this reservation. 

else Algorithm DRR (Process_ id, ST, FT, DT) 

requiredtime finishnew begin 

startnew If the 11st 1s empty then 

balancereserve = requiredtime No conflict found. Hence 

for i 1 to n 
accept the reservation 

timeslice = starti+l -finishi OLBe 

if tineslice> 0 then get jobid (times lot) 
if isalive (jobid) 

Put into 
if isrequire (timeslot) 

s1icequeue_insert (id, sst, sft) 
return end 

else 
end for 

allot (current jobid, 
while (slicequeue&sbalancereserve) 

timeslot) 
if sst 2 Startnew then 

end 

assign new reserve 
else 

currentreserve-sEt allot (current_jobid, 
Balancereserve requiredtlme timeslot) 

currentreserve end 1 

end * end 

end while end 

end 1f 

If the reservation list is empty then it means that the resource 
is free during the required time slot. Hence the reservation 

end 

Dynamie Resource Reservation (DRR) can be done. When reservation is already available during the 

time slot, then the job can be checked for the availability. The 
here were various resource reservation schemes available as 

isalive function returns whether the reserved job id is still 
alive or not. If the reserved job is not alive then the slot is 

available for the current reservation hence that can be allotted 

FCFS (First Come First Served), reservation based on 

negotiation, TARR (Tme Slice based Advanced Resource 

Reservation), ORR (Optimized Resource Reservation). In all 

these methods, the reservations done arc not checked for 
for the current reservation. If the required time slot is 

reserved then the isrequire function is called which 
detemines whether the reservation made is further required 
or not. If it is not required then the time slot can be used for 

unlization at any period of time. But there are chances of 

unutilized reservation due to network failure, termination of 

parent process, termination of current process ete, In the 

DRR (Dynamic Resource Reservation) scheme, the resource 

is checked for availability. If the resources are available then 

t is allotted. If the resources are already rescrved then it is 

the currentl reservation. 
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I. PERFORMANCE METRICS when the idle time does not fit into the allocation policy. Thus 

TARR provides a better allocation policy, as even the time. 

There were various pertormance metrics that are considered slices are uscd for reservation rather ihan allocating the entire 

to evaluate the performance of the Reservation algorithms Here, The average waiting time and Resource Idle Time taken 

request as a single unit. The RIT is computcd by upplying the 

elow ula 

as metrics for evaluation 10J[1U|[12. 
RIT Finisipervioun urcurrent 

A) Average Waiting Time (AWT): The waiting time (WT) 
of the reservations are computed. Sometimes the resources 
are not available at the time of reservation requirement. But 
the resources can be reserved within the deferreod time. In that 
case. the difference between the expected start time and the 

When there exists a reservation requcst with a conlict. The 

total resource idle time is computcd by the following cquation 

Total RIT2 RIT 

actual reserved start time is the waiting time. 

Waiting Time (W) Startmve" Starts. 
IV. COMPARATIVE ANALYSIS 

The Total W aiting 1 ime (TW) is computed as the sum of all the waiting time at a specific point of time. 
To compure the Existing nlgorithms as RSPB, ORR, TARR 

and DRR in Two Girid Environments arc considered. The 

Expected start time (EST),Expected finish time (FT) and 

Rescheduling time (RT) for 5 jobs fewer than 2 Grid 

Environment are listed in table I and table 2. The table 1 

depicts the reservation of Grid Envronment based on the 

four diferent models with its Average walting time and Grid 

Resource idle time. The table 2 depicts the reservation of 

Total Waiting Time (TWT- WT2 
Where size reters to the length of the reservation list at a 

specific point of time. Then. 

AWT TWT/ No of Reservations Grid Environment 2 based on the four different models with 

is Average waiting time and Grid Resource idle time. 
B) Resource ldle Time (RIT): The resources may be idle 
cven when the reservation request available. This happens 

Table 1: Reservation of Grid Environment 

GRID ENVIRONMENTI 
RES 
CHE EXPECTE EXPECTED D Job Average Waiting Time(AWT) Grid Resource Idle Time(RIT) DUL lotmentIARTING DP 

FINISHIN 
TIME 

TIME 
G TIM 

RSPB| ORR | TARR | DRR RSPB | ORR | TARR DRR| 
Jobl 0.25 7.56 541 5 24 D ARR DRR 
Job2 059 52 O49 4.35 3.44 7.81 
Job2 0.59 
Jobs 45 
Job4 1.55 
Jobs 

8.2 0.710.464.996.12 5.95 5.51 4.4 9.11 
8.28.25 31.7 7.17 7.06.56 5.45 10.82 

T0.24 
10.59 10.27| 10.1 9.66 | 8.55 8.19| 8.02 7.58 6.47| 12.67 

9.39 9.22 8.78 7.67 7.84 7.67 7,23 6.12 1.79 
2.08 

Table 2: Reservation of Grid Environment 2 
GRID ENVIRONMENT 2 

EXPE 
CTEDEXPECTE 

Average Waiting Time{AWT) Job Grid Resource ldle Time(RIT) RESCH 
EDULE Allotment FINISHIN 

G TIME TING TIME 
TIME 

RSPB ORR TARR |DRRRSPB | ORR TARR| DRR 
Jobl0.13 6.24 3.913.3S50 3.843.67| 3.23 2.12 6.37 

4.82 4.65 4.21 3.1| 4.63 | 4.464.02 2.91 7.22 Job2 0.19 |_7.03 
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05 9 7.56 5.75 5.58 14 4.03 s.16 4.994.55 3.44815 Job4 1.26 8.14 
JoDS 8 9.07 8.25 8.08 7.64 6.53| 6.67| 6.5 6,06 4.95 1065 76.83 6,39 5.285.74 5.57513 A4.02 94 

10 

RSPB RSPB 

ORR ORR 

TARR TARR 

DRR DRR 

3 
1 2 3 4 5 

Jobs Allotment 
Jobs Allotment 

Figure 4: Comparison of Reservation process Average Waiting Time (AWT) in Grid Environment 
Figure 7: Comparison of Reservation process Resource Idle 

Time (RIT) n Grid Environment2 

v. CONCLUSION 

RSPB 
Resource reservation provides a way through which the 
resources are made readily available for the entire ORR 

TARR xecution of the process. This reduces the waiting time 

which in tum reduces the execution time also. Two DRR 
parameters such as average waiting time and resource 

idle time are considered tor evaluation in all the 
2 

existing reservation techniques. Finally, the existing 
reservation algorithm DRR provides better result when 

Jobs Allotment 

Figure S: Comparison of Reservation process Average 
Waiting 1ime (AWT) in Grid Environment2 compared with RSPB, ORR, and TARR reservation 

algorithms. 
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4RSTR4CT 

e ungn Tde goes succeeds m highlighting the plight of the subalterm of sundarbans 
in Hesthenzal 

O Olical turmoil extracts as heavya tall as the revenging 
tiles Amitav Ghosh has introduced a 

Haracier oI l'nali Rov who is the representative of raising voice against 
anli-environmenlal 

aciivities Piyali 

aso narrales the beauty of sunderbans at the same time she was not forget to say Ihe damger of tide and 

iges in sundarbans. .Amitav Ghosh one side he explained the beauty of nature and on amother side he 

cauioned the damger part of the nature. I simply explains ups and downs of life as a normal phenomenon but 

take our life in a challenging way. This is the message he gave through the voice of Piyali Roy by Amitav Ghosh 

INTRODUCTION 

The Hungry Tide is the fiction also serves to reinforce Ghosh's political upheaval. As Lawrence Buell 

argues, eco-critics explore literary texts as "refractions of physical environments and human interactions wnth 

those environments, notwithstanding the artifactual properties of textual representation and their intercession by 

deological and other socio-historical factors" In this vein, Ghosh's novel reveals the interactions between the 

stale. the poor, the flora, and the physical environment, and in doing so this work highlights both the misfortune 

and the insincenty that were inborn in the conservation efforts in the Sundarbans. More precisely, it is the 

discursive construction of the Sundarbans watersecape in Ghosh's novel that helps achieve this purpose 

In The Hungy Tide Ghosh problematizes the nervousness between and within human comuurities 

their particular relations with the natural world, and the actuality of nature thal changes and is simultaneouslu 

changed by humanity. Ghosh sets his novel in the sundarbans, the ude country where the curves of land 

conslantly transform with the ebb and flow of water But Ghosh presses this point further He utilizes water us 

the agent thal rewrites the social matrix of he Suncdarbans in the novel. Water is both motif and agent. shapng 

nol onily the story bul also the geography and history ot the land. The unusual ageney of water is highl1ghtevd 

here and its potential to act, as well as to move iron onjectolher position to that of the subject and, in dong so, 

reverse the object/subject slatus of the charucters. 

In the eastern most of the coast ofl lnudia, the Hay of Bengal, les the enomous tangle of tiny islands 

known us the Sundarbuns. I.ife becomes enormously precarus lor the migruted people Attack by deadly tigers 

Is frequent. T urbulence and eviction eeDunt igers. Wilhout indicatuon, at any time, tudal floods rise and 

nish over the land, leaving devastaAn their N In this place of pitiless beauty, the lives of three people 

from dilferent worlds collide P Aung manne biologist, of Indiun descent but intractably 

search of a rure, endaed river dhin, Orcaella breviros1ris. I ler journey commences with a 

Trtpact Factor(JCC): 3. 7985 -MI arficie cun De downloaded from wnvw.impactiournalk us 
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..asleT when she is thuonn lom a boat into crocodile-contitininaled walers Rescuc oines n the forin of a 

, meducated islhean. lokn Alnlhough they lave o langmpe between them, Piyal1 Roy and Fokir arc 

uNNESSIVeh dan o ne aother,. shrng a myster ons iustunct fo the ways of the sca Piyal1 Roy engages 

i dn to help uth ler rescaneh and tins a translator m Kanai Dull, a busnessnan from Delh1 whoe opt1rmistue 

unt and uncle me kmgtme settlers m the Sundarbans. 

PNALIROV EXPEDITION 

ih ah Ron is a eloogist ta biologist spccialivung in marine mummals) who comes to the Sundarban 

canm out a study ot the river dolphins. Though she was born in Caleutta to Bengal1 parents. Pival1 Roy grows 

m Scattle and never learned Bengal1. However, she knows that in her line of work, she doestn't always need 

yken langunge to converse. This idea comes to the forefront when she meets the fisherman Fok1r Eien though 

the two can't speak to each other. Piyali Roy recognize that Fokir and she can exchange a few words in such a 

wa that seems more honest and more meaningful than she believes they'd be able to could they speak to cach 

other This stands as a stark difference to her relationship with Kanai even though they can speak to each other. 

Kanai at lirst has litte interest in getting to know who Piyali Roy is, and keeps Piyal1 Roy from lecl1ng 

contented opening up to him. Piyali Roy begins the novel believe wholly in the power and kindness of 

consen atuon eflorts. As the novel progress, Piyali Royli Roy is forced to be familiar with that conservation isn't 

aluavs a force for good and it oflen happens at the expenditure of poor people like Fokir. Though Piy ali Roy 

and Fokir are clearly involved together other and developa quiel romance throughout the novel. they neter act 

on their feclings for each other. About six weeks after the cyclone, when Piyali Roy returns to Lusibari. she 

suggest that she'd like to name her continuing project after Fokir. She also wants to work with local tishermen to 

cary out her project and share financial support with the Babadon 1rust, which suggests that she has leamt that 

management efforts and that are most elficient when implemented ina way that really helps locals. 

PIYALI ROY BIOGRAPHY 

Pivali Roy had been born in Kolkata, but had shilted to the United States when she was just one year 

old She does not be familiar with Bengali, but she recalls that this is the language in which her parents quarel 

A graduate student in cytology from the Scripps Institution of Oceanography in California. she is attracted in 

observing the 147 marine mammals that she thinks are exclusive to the Sundarbans. Her destination is the 

settlement of Canning, the train discontinue for that area Kanai's actual destination, on the other hand. is 

l.usibari, he outermost of the inhabiled isiands, where his seventy six years old aunt runs a supportne 

organzation 
called Badabon Trust. Soon alter they turn up in Canning, Piyali Roy hires a dubious gunle and an 

even more dubious security enlorced upon her by the government 
lunctionaries. The tno naen soon becone 

quite frighlening to Piyali Roy. Then she employs the service of an under pnvileged lishernun bi name. Fokir 

to direct her to the dolphins she needs to study. In the iprooess she plunges int the nver and Fokir snes her 

from drowning in the salty, 
vegetation-11lled 

waler She puys ber cvllaborutors to leave her with Fokir, uho 

guarantees to take her to the dolphu region. Fokir does hit ktnOw Inglish, but they admunister to do the best 

oF A 

PIYALI RoY VOICE 
AGAINST CHETION 

OFARTIFICIAL 
AQUARIUMS 

Piyali Roy is also unenthusia 

with what they can to 
communicate 

Irawadd 
&1eningof 

new aquurums 
in Eastern Asia where the Ir 

lo 

dolphins were 
stared upon as "valuubla 

odity"yeatching 
neurly one hundred thousand Us dollars 
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P' all Ron, the wa vamnR 
with hei t hcaclla n everlust1ng one. existing entircly independent of 

Tque n unan interpretatlo. 
but ar necessa 

hnan survi val as brend and waler The novel 1 

tual 

Ving 

uny 

s 

nlucntual plea to the humanknl to eelhinpe its olt makng nndet Piyal1 Roy s locus on the spir 

dwnsnn the dwelling places of hnn cteatuIes 
renlorce« the noton ol the ground as a vital livn. 

ganin aml also attaches ther earthh to larger ounne realm The snaill apparenilly 
lrivial dwell1ngs. 

TUales ann as mnallh sigulicant for tlwn survnal and function in the natiural process as the whole of the 

Tind usell ihaosh ersists that man must nurture a more saintly conncction wilh the planet arnd its inhab1lants 

WOMEN MERCIFUL NATURE 

Women are commonly assocated with the quality of mercy Piyal1 Roy is one step forward of other, 

ng to protecting the tiger. a man-cater that pobbles up people and cattle frequently 
when the villaz 

Nelers gather around the tiger in incarceration and take steps to kill it, Piyal1 Roy, the natural1st objeci 

ntenseh Though Kanai evplains to her the damages it has created on the islanders by maraud1ng on the peupie 

ad their herds, she says "This is an animal You can't take vengeance on an animal" However Kana1 Just1fie 

the vchemence of the villagers who had killed the tiger by stressing that it was a question of lite for them Bu 

Fh ali Roy dsputes from the standpoint that it made a lot of differentiation to keep the animals 1n the1r hab1tat 

which was nature's way She creates the reader wonder what would befall on him if. We crossed that imag1nar 

linc that prevents us from deciding that no other species matters accept ourselves. And she foresees mans 

change of atutude - "Once we decide we can slay off other species, it'll be the people next. People who are 

depnved and unnoticed'". Later when she studies that the tiger had gone past her boat, she ironically comments 

"sunce we were all asleep, it was in no peril of being spotted" 

By placing both Piyali Roy and Fokir in front of this most dreaded Tsunami, Ghosh decreases the gap 

between the learmed westermer and the illiterate native Everyone is one the same footing left in the midst of the 

Jugged environament rich or poor, man or woman, civilized or uncivilized Water becomes a returning image for 

phy sical and psychological healing in a contemporary world of sexism, drought, violence, and hunger 

RENDERINC SOCIAL SERVICE 

Piyal Roy and Fokir are kept separately by language and class and by the social institution of 

marnage: N1rmal and Nilima live side by side for years but are unknown to each other, divided by difierent 

magunungs for their lives, and by a lack of respect for others way of embracing life. Thus aged couple is. in tact. 

evocalve of Balaram and his wife in 7he Circle of Reason. Balaram's wife is ambitious to dhstraction bu her 

husbund's obsessions So is Nil1ma. She complains to her husband Before they can get very far. though. Kanai 

senses that cvclone is approaching They also lcam that Piyali Roy and Fok1r have gone out in Fokirs 

harardously small boat As the storm approaches, Floren chooses that he can no longer wait lor the two and 

he and Kana1 rcturn to lus1bur1 Meanwhule rokir steers to Ganontola in what anounts to a tender impulse 
handed on to hum by hus mother, and ladenn wilh the hope of Bon Bibi's interventon on behalf of the pour and 

he and Piy alh koy clmb the hughest Inungrove ree and tue themselves lo ol he tunk. The storm is soon upo 
them paus1ng only momentanly befote diunm1ng them frequenly wih full force, followed by a massive tudal 

wave Uumately il subsides Fok1r sh1elds Payal1 Roy from fly1ng objects, lashing water, at the cost of his lil 
The act of sh1eld1ng Piyal1 Roy with his body soon ex ual under tones Their budies were so close, fineh merged that she ocould feel the impuct of hng bding hum, she could sene the blows dnzzing 
down on his back She could feel the bones of hiShesn hey had been super mposed upon her own 

NAAS Rating 3 10 Inicdede yrheyd pduoraimpactiou rmals u 
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113 was as the slorin had given them what life could not had conbinea 
hus. class, caste. gender, linguistie, and national boundaries collape 

C0uld not. i had conbined thern togcther and mude them one 

nalional bounda ies collapse in the express1on of nalures u a 
leanses all personalties of thein devcloped sensibilities FOKIR-SHORT SPAN OF LIFE OF A SPIRITUAL MAN AND LOST PIYAL LOST PIYALI'S GUIDE 

rONIr irst appears on the picture as something ofa knight in immaculaC a 
trom the Io guides le is an honest, possibly multifarious figure and has the suoa 

Roy 
POossibly mullifarious figure and has the subaltern personal1ty. Fokir 1s 

a and Kanai come backs to New Delh1. leaving a letter for Piyal1 Roy tle makCs 

crematedA lew days surpass and Kanai come backs to New Delh1. leaving a letler io 
clear in the letter that he understands himself very inadequately and wishes her happl 

SeIt very inadequately and wishes her happiness. He leaves her a full cen ersion ol the 13on Bibi legend as a way to undersund better Fokir's theology. and his great c 
short lie. and an request to her to understand that. in differing ways. she is loved by both ol thet, a 

* T human relationshups reflect the cbh and tide, the mix of clean water and salt water of the Sundar ban able to do her rescarch habitually due to Fokirs generositv. At the beginning, Piyali Roy was an unu skeptic o1 Telationships, reading them through her own knowledge of her parents' relationship: The two ol nen okir and herseli, they could have bcen boulders or trees for all they knew of cach other. and wasn't it enhanea 
11 a way, more honest, thut they could not speak" The wavs in which dolphins echoces relecied the woria. 

specch was only a bag of swindles that fooled you into believing that you could see through the eyes ol another 
being Fokir is the trust soul in the Fiction Ile is an unedicated man but posscsses more knowledge of the river 

and ts wild life than all he oulsiders who do not under tund hin Pvali Roy leaves for a month, but then 
relums to work al the Badabon Trust She sets her sights on rais1ng money to see to it thal Nil1ma's dreams will 

Ine on lirst by financing a house for Moyna and a college teaching for her son, Tutul Piyali Roy also decides 

that she will move the T rust in the durectuon of conser atiuon of the endangered dolphins, in consultation with 

local fishemen. It was the early view of life for Payal1 Roy vhich was very sad and secemed to her a ideal way to 

atond human connections As wth many of her observes, she had becn drawn to ficld biology as much for the 

hle oflered as for us ntellectual content because it permitted her to be on her own, to have no attached 

address, to be far trom the lamiliar. while sull being a part of a trustworhy but loose-knit comnunity. But this 

Same lady Is completelh dissimilar at the fiction end 

CONCLUSION 

PINali is a novel character of the fictuon ot 7 he ttungry ] 1de. She explored the species which existcd in 

Sundarbans and saw the life of uribes where they survive Wilh al most challenge. In the fiction, mainly through 

he tones of Nimal. Fokir, and Piyali Roy. Ghosh communicales the unique natural history of the Sundarbuns 

Pn al traces the en mology of the "Sundarbans to its literal translation as the "beauti ful forest," to the presence 

of the Sundan tree and to Mughal records which named the regon alter a tide the bhat1 tide, giving the region 

the name bhat1rdesh or tide country except that bhati is not just the "tide but one tide in particular, the cbb-tide 

te bhata Apart from this distnctive feature, the very quaity ot the water in the Sundarbans susains a vast 

1er Miutuson of aquatie life Those informatsDdra Spken through Piyal1 for the understand1ng of the 

h daruns beaulies and at the same timie also undskand the danger of Tide and Tiger She knaws 

shs!lsal crealion is also part and l bf te 
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Abstract 

Amitav Ghosh has introduced a character of Rajkumar, an orphan who is transported to Burma from 

India by accident. In Buma he joined as a labour in tea shop. He started his life with impoverishment. 

Slowly he improved his capabilities through exploring spirit, Keen perception, and Optimistic attitude and 

acquires capabilities to take caleulated risks. Further, he got friendship business. Slowly, Rajkumar also 

eamt some techniques in the teak business and started the same, with the help of his Christian friend Saya 

Jhon. After involved his business he became a successful business man. In this way, Rajkumar 

characteristics are sculptured in a optimistic way by the author. The present study is narrating Rajkumar 

temperament and his remarkable achievements in his life. 

The Giass Palace is a fiction was written by Indian writer Amitav Ghosh and it is about dynastic 

families in mid 18th and early 19th century Burma and India. Rajkumar Raha is the story's main character 

and protagonist. He is an orphan who later achieves fortune in the teakwood trade, he is first seen in the 

stor as an impoverished youth at the age of eleven. It is the story of Rajkumar who is transported to Buma 

by accident. As a child, RajKumar is remarkable for his exploring spirit, keen perception, optimistic atitude 

and his ability to take calculated risks. In this context, the present study is going to concentrate how the 

disposition of Rajkumar is narrated in an optimistic manner by the author. 

The fiction starts with eleven years old boy called Rajkumar running through the eity of Mandalay to 

fnd a woman called Ma Cho. He is the last existing member of his family and comes to Buma from India 

with a brilliant entrepreneurial spirit and a hunger tor success. Rajkumar works as an assistant on Ma Cho's 

food stall which takes place in the shadow of the Glass Palace, in which King Thibaw and his wife reside 

with their daughters. the princesses. As the/idsh invasion comes to tumble the incumbent regime. 

NAMARKA 
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everyday citizens of Mandalay are able to enter the preserved building, and it is then that Rajkumar spots 

Dolly, one of the princesses' attendants, and instantaneously falls in love with her. However, the complete 

Royal Family and their encourage are hurriedly extradited by the British and forced into house arrest 

thousands of miles away on the West coast of India. 

RajKumar works in a tea stall of a matronly lady Ma Cho. He loves exaggerating his age just to 

experience like an adult. A well-travelled orphan, RajK umar is worldly-wise. Right at the beginning of the 

narrative, the author drops enough hints for the legitimacy of his choice of a protagonist. Even though, he is 

a child, an orphan. yet this boy is created as bold, and extraordinary. Once Raj Kumar lands in Mandalay, 

his life-long search for places and people begins. He is taken in by the city. 'Long straight roads radiated 

outwards from the walls, outlining a neat geometrical grid. So intriguing was the ordered pattern of these 

streets that Raj Kumar wandered, far a field, exploring. And we must remember that this 

explorer-boy is a complete destitute in an alien city with absolutely no acquaintances. Lastly he goes to Ma 

Cho for occupation and he obtains a thorough reproach and admonishment at the very outset. But his keen 

perception helps him to know that this outburst was not aimed directly at him: that it had more to do with 

the dust, the splattering oil and the price of vegetables than with his own occurrence or with anything he had 

said. 

Luckily, in Burma, Rajkumar happens to meet Saya John, a Chinese contractor from Malaya, an orphan 

like him, who, having bcen brought up by Catholic priests in Malacca, had worked as an doubt in a military 

hospital in Singapore. As a subaltern beneficiary of the Burmese capture, Saya John is a previously 

prototype of Rajkumar. As a tcak service provider for English Company he produces a huge profit that 

enables him to fulfill his neo-colonialist ambitions of constructing a large house and of enjoying a European 

life-style. Rajkumar is provided a job by Saya John in his teak transportation business because of the 

former's exceptional curiosity, worldliness Aad rdnger for money and material: There was something 

unusual about the boy a kind of attentive decimanion. Rajkumar respects him as a guide in all matters and 
7 204 
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regards him as his mentor who teaches him how to bend the work of nature to your will; to create the trees 

of the ground valuable to human beings. It is his love and respect for Saya John that prompts him to secure a 

Furopean Company oflicial who rebukes Saya John. 

Even as Rajkumar's swittly evolving career begins to take shape with the help of Saya John, a 

VIctorious teak merehant (Ma Cho's sometime lover), we are given a glimpse into the embarrassed 

beginnings of a new life for King Thebaw and his family as they strive to settle into the port town 

of Ratnagiri, north of Goa. Incidents combine to weave Outram House (the name of the residence the British 

prov ide to house the family and what remains of their assistants) more determinedly into the life of 

Ratnagiri than had been imagined. King Thebaw is admired by the local community, and in time the family 
comes to feel protected and even happy in their fresh surroundings. The appearance of a new Collector stirs 

up feelings of antipathy towards the colonial regime, but Uma, the Collector's headstrong wife, is able to 

help bridge the gap by befriending Dolly. 

Meanwhile, Rajkumar has been enduring the hardships of the teak trade, having witnessed man and 

beast working together on an epic range as elephants transport large amounts of wood down from the forests 

for sale into the British Empire's immeasurably expanding markets. Being the opportunist that he is, 

Rajkumar starts to make his own way in world after getting guidance from his new friend and colleague 
Doh Say. Borrowing cash from Saya John, he makes the journey to India to recruit poverty-stricken village-
dwellers into the comparatively beneficial (yet undoubtedly perilous) world of early oil-mining in Burma. 

Having made adequate money this way, Rajkumar does what has been his hallucination for some time: buy 

a timber-yard of his own, with Doh Say as a big business partner. 

Having built a more than unassuming commercial empire, Rajkumar had one piece of unfinished 

business: to pathway down the only girl he would ever loved, Dolly. Through an Indian association in 

Rangoon (Yangon). Rajkumar makes contact with Ratnagiri via Uma, and is consequently granted a 

spectators with the Collector and his wife over a food that of course awkwardly conforms to colonial best 

E OF perform. To his surprise, Dolly is present, and fsomedrma, he finally persuades her to leave the family 

SNAMAEh as his w she has been separated with, and return with uatoEgn ax his wife. 
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Being a practical businessman, Raj Kumar brings with him a letter for the Collector of Ratangiri 

from a relative of the Collector's wife Uma Dey. Usually no one from Burma is allowed to meet the over 

throwned king or staff lest such a meeting may not create problems of revolt at Burma. Uma, who is a good 
friend of Dolly assembles the meeting between Dolly and Raj Kumar. But before going to that, the letter of 

endorsement that Raj Kumar brought with him speaks volumes about his character and reputation. He have 

had several other achievements and had risen to distinction within the business community. And all this at 

the age of thirty, before he had even had time to marry Raj Kumar babu is not the kind of person to whose 

humanity you are accustomed. Some of the richest people in the city are Indians and most of them began 
with nothing more than a bundle of clothes and a tin box. Raj Kumar is an individual as well as a delegate, 
a symbol of a whole migrated community. His fate and rise have been linked to that of his community and 

what we get in a wonderful individual picturization as well as functioning of an entire group of people in an 

alien land. 

RajKumar's gathering with Dolly is catastrophic. There is no clue, no meeting point, and no 

headway. It is all blocked, and clogged. Dolly has her own troubles. She has to clear her psychological 
picture. But this the researcher shall discuss later while talking about Dolly. For no fault of his, RajKumar 
receives a cold and aggressive response from Dolly. His dreams are all but broken. As a matter of fate 

would have it, they are married at Ratangiri. Uma is their benefactor, protector, everything. They would not 

have been married but for the Collector's companion Uma Dey. RajKumar's life begins as a family man. He 

gets two sons Neel and Dinu. He celebrates to compensate for all the missed celebrations of his own life. 

But his life cannot be called perfect as he cascade victim to the turbulent times in his old age and his world 

is torn apart. Dinu moves away from him, Neel dies and Dolly goes to a monastery. Although the end can be 

blamed at fate, one fatal flaw is very much of RajKumar's own. One time, Dinu as a child develops minor 

polio in one leg. Dolly consumes herself day and night in Dinu's care. She becomes more and more recluse. 

She engraves herself off from the world, including her elder son, Neel and husband. Dinu and his well being 
remain the central point of her survival for mords AF Eyen wyear or so. It is as though the mother and the AKK 37 206 
son have reentered the prenatal period of oneness. The child As securely in mother's defensive attendance. 
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her womb and all his needs are accomplished without asking. During this period RajKumar goes into 

physical relationship with one of the workers forcibly and Ilongo, his illegitimate son is the effect of this 
extramarital mating. We can only attribute this act on RajK umar's part to his gratis will and the kind of a 

man that he actually is. Saya Jhon, his adviser, was the same and so is he. Our civilized and often 

hypocritical rules of morality will not work here simply because this novel, like other good novels, is a true 

depiction of life. Howsoever absurd such an act may look to the cold, distant gaze, it is perhaps the most 

natural thing to happen in the mess of life. Devoid of the power of reasoning as to why Dolly has 

withdrawn, RajKumar succumbs to his physical needs. He remains, despite his achievements, an uneducated 

orphan. 

As far as love stories are concerned, this fiction has many love stories in it. The First one is Dolly 
and Rajkumar, an astonishing love story, Rajkumar saw Dolly when she was nine years old and longed for 
her for another 20 years. After becoming a triumphant businessman he came back to India, only to wed 

Dolly. Another love story is of first princess and of coachman Sawant, even though it is not wrapped in that 
much detail. Another story is that of Uma and collector, that is more of an arrangement, how collector wants 

to wed Uma since she is young and can learn contemporary ways of living as a collector's wife. Uma's 
consent was never taken while taking assessment about her life. The apologize for that came Alison's way, 
her discovery of true love, only after making love with Arjun, Alison noticed that how much she loved 
Dinu. Well! Alison and Arjun both died but thank God Alison got likelihood to admit this thing to Dinu. 

Otherwise, it would have been a difficult life for him. 

The fiction, arrangement as a saga of subaltern families, is relatively a thick book which is divided 
into seven parts: Mandalay, Ratnagiri, The Money Tree, The Wedding, Morning Side, The Front and The 

Glass Palace The earlier part of the fiction is dominated by Rajkuma, Dolly and Saya John, and the latter 

part by Dinu, Alison, Arjun, Bela and Jaya. The fiction comes full circle with Rajkumar and Dolly living in 

the end in their countries of birth frohere thçir narrative journeys begin: Rajkumar makes a journey 
NAMAKKAL 37 206 
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from lndia to Burma where as a businessman he makes traverses into India and Malaya and towards the end 

returns to India as the Second World War refugee. Dolly creates a journey from Burma to India as an exile, 
and then she returns to Burma to lead a married life. But she is again forced to move along with her husband 
to India as an impoverished, which is finally followed by her return to Burma 

Tt is during the problematic period in Burma that Rajkumar's upward journey begins. After the fall 

of the Burmese empire he begins developing the local people and resources and becomes a victorious timber 

merchant and consequently a rubber business. It is in the year 1885 when the stolen goods were going on in 

the castle of Mandalay; Rajkumar observes the face of a ten year old girl Dolly who go always an 

ineradicable intuition in his mind. Later when Rajkumar becomes a foremost business tycoon of Burma, he 

travels to distant Ratnagiri to claim her hand for marriage. Therefore, the orphan in the beginning of the 

fiction turns himself into a living myth of material success and affluence by taking advantages of the 

troubled time of war, colonial antagonism and majestic invasion. Rajkumar implements a utilitarian 

approach to life and turns every opportunity to his favour. 

Rajkumar has always been independent in his way as he be a stray he dissatisfies Dolly in several 

aspects like having an untruthful child names llongo, developing misunderstanding with Uma. He has an 

unlawful affair with a women working in his land when Dolly was busy in taking care of their second son 

Dinu. All these characters rotate around the life of Rajkumar who knowingly or unknowingly generates a 

bond among the families of his, Uma's and Saya John's. Hence, a family creates that bonds, Bond fetches 

them together looking at themselves as individuals rather than representing their nations. The characters in 

the novel are not representatives of a particular nation, but as individuals. Their identities are seen not with 

their nationalistic but as individuals who are in search of their own identities, locating themselves in a 

liberty where they feel contented by displacing themselves away from the nationalistic myths. 
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ABSTRACT 

Consumer buying behaviour concept has been argumentative from the past for so many 
periods. Many researchers have undertaken the research to identify, analyze, observeand find the 
outcomes of the study to understand the determinant of the product price effect over the product 
quality of consumer buying behaviour. The necessity of marketer reviews has been for the 

consumer buying behaviour towards psychological aspect than the societal aspect. Following 
demonetization, the government has been encouraging the dream of cashless society in India, 
urging the people to use POS machine, e-wallet, plastic money, online payment, etc., in their 

day-to-day transactions. Before demonetization, people used to buy impulsively from the retail 

malls by using hard cash because of more convenience, but with the implementation of 
demonetization, people have to think twice before making any kind of purchase due to less 

money on hand as well as less habit of cashless transactions. An impulsive buying is made 

instinctively and generally without regard to costs or negative consequences. They are usually 

motivated by the need for instant self-satisfaction. The present paper examines the impact of 

demonetization on on consumer buying behaviour with reference to consumer goods in 

Namakkal districtby using the primary data collected from 150 respondents in Namakkal city 
with the help of a structured questionnaire. Data analysis has been done. The study found that a 

majority of the customers have moved from buying luxury products to essential products and 

reduced their consumption due to demonetization. 

INTRODUCTION 

Demonetisation is the generations 'memorable experience and is going to be one of the 

economic events of our time. Its impact is felt by every Indian citizen. Demonetisation affects 

the economy through the liquidity side. The demonetisation of high denomination notes (of 

Rs1,000 and Rs500) has put over 85% of currency out of circulation. This has resulted in short 

term disruptions in transactions in agriculture and related sectors, small establishments, EGEO 
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households and among professionals. Since injection of liquidity is slow, incomes in both formal 
and informal sectors have been affected with the intensity of adverse impact being greater for the 
informal sector. Since self-employed and casual workers dominate in the overall economy, their 
incomes may suffer a setback. While some may view it as deferring expenditure and income,a 
part of it may actually be revenue and income forgone forever. 

Product demonstrations generally aim to increase sales for specific merchandise in a 

target market. Product demonstrations are a form of sales promotion that involves interactive 
sales presentations such as providing test samples and showing video presentations of a 

product. This marketing technique is used to introduce new products into retail markets, such 
as mass-merchandise outlets, by attracting prospective customers to demonstration booths. 
IMPACT OF DEMONETIZATION 

The demonetization that has been in effect since November 9 is expected to have a 

negative impact on inflation. Consumer spending activity fell to a near halt. Consumers are 

refraining from making any purchases except essential items from the consumer staples, 
healthcare, and energy segments. Activity in the real estate sector, which includes a lot of cash 
and undocumented transactions, slowed down significantly, Metropolitan and Tier 1 cities 
reported up to a 30% fall in house prices. Food item inflation, measured by changes in the 

Consumer Food Price Index, accounts for 47.3% of the overall CPI. Due to 86.4% of the value 
of the currency notes in circulation going out of the financial system and re-monetization being 
slow, the supply and demand of food items fell. It will exert more downward pressure on 

inflation. Investors in India-focused funds should continue to monitor CPI inflation. It will 
determine future rate cuts by the RBI. A change in the repo rate will impact interest rate-
sensitive sectors and industries like financials (HDB) (IBN) and automobiles (TTM), among 
other sectors like the tech (WIT) (INFY) sector and also due to demonetization the consumer 

buying behaviour are changed and sales volume are increased. 

OBJECTTVE OF STUDY 

To determine the measures taken to tackle the impact of the demonetisation 

To analyse the Impact of demonetization on consumer buying behaviour 

To find out the factors influencing buying behaviour after demonetization 
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REVIEW OF LITERATURE 

Ansari (2015) examined the impact of real per capita GDP, the size of overseas trade and 
density of population on the tax revenue by making an inter country comparison. The study 
concluded that real gross domestic product and foreign trade were positively correlated with tax 

revenue, whereas density of population was negatively correlated with tax revenue and also 
buying behaviour also changed after demonstration 
Kumar (2017) presented an analytic view about the impact of demonetization on the Indian 
Economy. His analysis showed that demonetization had adverse effects on the Indian economy. 
The cashless transaction has been promoted but it takes lot of efforts to convince rural people to 

adopt those skills. 

Rani (2018) studied the effects of demonetization on retail outlets. The study revealed that 

initially the demonetization effects on market were painful but this also instigate the shopkeeperS 
and consumers to adopt cashless means such as paytm, debit card use, internet banking to buy 
goods. Demonetization effect will be positive in coming time for Indian Economy. Indian 

consumers will strive to learn new ways of cashless transactionsand consumer buying 
behaviour affect to consumer goods due to demonstration 

RESEARCH METHODOLOGY 

The data are collected from the primary and secondary data. The primary data are 

collected through well designed questionnaire and detailed discussion vwith the respondents. 
The secondary data were taken from Newspaper and magazines which were published. 
(a) Sampling Design 

The researcher is a scientific way toward the achievement of the objectives of the study. 
The researcher has undertaken this study based on the Descriptive Design. Descriptive design 
had helped the researcher to describe the existing phenomenon of preferences given to the 

impact of the demonstration on consumer buying behaviour. 

(b)Sample Size 

The total sample size decided by researcher was 150 respondents in Namakkal district. 

All clusters namely housewife, students, service class, self -employed, business class and 

professional were considered for the same. Researcher had made an attempt that the sample size 
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was adequate representative and estimate with sufficiently high precision. 
(c)Sampling Method 

The researcher had deployed non- probability sampling method known as conveníent 

sampling. This method will attempt to obtain a sample of convenient elements that were ready to 

give information. The sampling elements or consumers of online shopping were identified as 

follows; the convenient sample was divided into the following clusters namely housewife, 
students, services class, and business class, self- employed and professional. 
AREA OF THE STUDY 

The researcher took Namakkal district as area of research. The respondents were of 

different age, sex, occupation, income group, etc., 

TOOLS FOR ANALYSIS 

In order to analysis the data, various statistical tools are used in this study the following 
statistical tools are used in the study. (i) Percentage Analysis and Chi square test. 
LIMITATIONS OF THE STUDY 

The study is confined to Namakkal district only. 
The sample size is limited to 150 respondents therefore, the result of the study can 

not be considered as universal. 

Findings of the research are based on the assumption that the respondents have given 
correct information.. 

ANALYSIS AND INTERPRETATION OF DATA 

TABLE NO: 1 
GENDER WISE CLASSIFICATIONN 

S. No. Gender No. of 
Percentage respondents 

1 Male 55 37% 
2 Female 95 63% 

Total 150 100% 
Source: Primary Data 

Inference: 
The above table shows that 63% of the respondents are female and 37% of the 
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respondents are male. 

TABLE NO: 2 
AGE WISE CLASSIFICATION 

No. of 
S. No. Age Percentage 

respondents 

20-30 yrs 20 13% 

2 31-40 yrs 60 40% 

3 41-50 yrs 45 30% 

4 More than 50 yrs 25 17% 

Total 150 100% 

Source:Primary Data 
Inference: 

The above table shows that 40% of the respondents belong to the age group of 31-40 

years, 30% of the respondents belong to the age group of 41-50 years, 17% of respondents 

belong to the age group of more than 50 years and 13% of respondents belong to the age group 

of 20-30 years. 

From this it is clear that 70% respondent's age group fall between 31-50 years. 

TABLE NO. 4.3 

EDUCATIONAL QUALIFICATION WISE CLASSIFICATION 
No. of 

S. No. Educational Qualification Percentage respondents 
1 Schooling 15 11% 

2 Diploma 20 13% 

3 Under Graduation 41 27% 

4 Post Graduation 39 26% 

5 Professional Degree 35 23% 

Total 150 100% 

Source:Primary Data 
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Inference: 

The above tables shows that 27% of respondents are under graduate degree holders, 26% 

of the respondents are post graduate degree holders, 23% of respondents are professional degree 
holders, 13% of respondents are diploma holders and 11% of respondents are in schooling 
level.From, this it is clear that majority of the respondent 76% are highly educated. 

TABLE NO. 4.4 
MONTHLY INCOME OF THE FAMILY WISE CLASSIFICATION 

S. No. Monthly Income No. of 
Percentage respondents 

1 Below Rs. 20000 18 7% 

2 Rs. 20001 - Rs. 40000 
15 10% 

3 Rs. 40001 - Rs. 60000 33 22% 

Rs. 60001 to Rs. 80000 65 43% 

5 More than Rs. 80000 42 28% 

Total 150 100% 
Source:Primary Data 

Inference: 
The above table reveals that 43% of the respondents belong to income group of more 

than Rs.60001 to 80000, 28% of the respondents belong to income group of more than 

Rs.80000, 22% of respondents belong to income group of Rs.40001-60000, 10% of respondents 
belong to income group of Rs.20001-40000 and 7% of respondents belong to income group of 

below Rs.20000. 

From the above table it is clear that majority of the respondents 71% fall in the income 

group of Rs.60001-80000 and above Rs.80000. 
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ANNOVA TEST 

Sum of Df Mean F Sig. 
Squares Square 

Between Groups| 23.529 2 11.765 
4.058 Within Groups 484.147 167 2.899 .019 

Total 507.676 169 

As the level of significance computed in anova test is below 0.05 , this signifies that the way in 
which retailers and wholesalers have responded to demonetization in terms of cash and cashless 
transactions is different. 

CONCLUSION 
It was quite evident that there were widespread effects of demonetization which 

affected the consumers. The businesses which run on cash were badly affected for a 

couple of months after demonetization. Consumers' buying behaviour was impacted. There 
was a considerable decrease even in the purchase of daily-use products as there was no cash and 
limited digital payments platforms. The purchase frequency of maximum number of consumers 
decreased considerably after demonetization. However respondents have taken 
demonetization on a positive note and are of the opinion that it is going to improve Indian 

economy. 
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Abstract 

Demonetization performs the stripping a currency unit of its position as legal tender. t happens 

whenever there is a transform of national currency: The present form or orms of curreney is pulled from 
low and retired, often to be replaced with fresh notes or coins. Sometimes, a nation completely replaces 

the old money with new currency. The opposite of demonetization is remonetization, in which a bpe of 

payment is restored as legal tender. The consumer goods sector was hit when government announced that 

a major portion of curency would no longer be legal from 8th November 2016. Leading newspapers 

quoted a drop in sales from around 20-40 percent and a loss in revenue to the industry in lakhs of crores. 

Therefore in order to measure the varios impacts of demonetization a study like this holds importance in 

eyes of the business as well as academics. Demonetization impacts on buyving behavior in all sectors, 

expecialy it impacts on bugying behavior of consumer goods, Hence the study is taken to analyse on the 

topic. The scope of the study is limited to consumer goods. This conceptual study focuses on ew aspects 

Such as, im pact on buying behavior and customer perception about the buyving behavior during 

demonization. The present study is analyzed in Namakkal district. The scope of the study is limited to 

consumer goods. This conceptual study focuses on few aspects such as, inmpact on buying behavior and 

Customer perception about the buying behavior during demonization. The present study is analyzed in 

Namakkal district. The truth is that its design was fundamentally flawed. There was no "policy 
skeleton, " no analysis, and no evidence that alternative policy options were considered. 

Government should ensure the availability and trade of consumer goods for the sake of 
convenience of the end users before implement the demonitisation. 

Keyword: Demonitisation, buying behavior and consumer goods. 

Introduction 

Demonetization performs the stripping a currency unit of its position as legal tender. It happens 
whenever there is a transform of national currency: The present form or forms of currency is pulled from 
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flow and retired, often to be replaced with fresh notes or coins. Sometimes, a nation completely replaces 
the old money with new currency. The opposite of demonetization is remonetization, in which a type of 
payment is restored as legal tender. 

It is a process of removing or abolishing the values attached to the money or monetary system of 
any institution or the government bodies in a country or the world. It is executed to replace the old 
currency with a new one, and is necessary whenever there is a need to bring about a change in the 

national currency of any country. The chief motto of implementing this method is to get rid with the carry 
out of using money for unjust means in the society. So far, many nations have witnessed demonetization 
of their currency, with India being able to experience it for the third time. 

Statement of the Problem 

The consumer goods sector was hit when government announced that a major portion of currency 
would no longer be legal from 8th November 2016. Leading newspapers quoted a drop in sales from 
around 20-40 percent and a loss in revenue to the industry in lakhs of crores. Therefore in orderto 
measure the various impacts of demonetization a study like this holds importance in eyes of the business 
as well as academics. Demonetization impacts on buying behavior in all sectors, especially it impacts on 

buying behavior of consumer goods, Hence the study is taken to analyse on the topic. 

Objectives of the study 

To the socio economic profile of the respondents 

To study the awareness about demonitisation among the consumers 

To analyse the problems facing by consumers during demonitisation 

To study the perception towards buying behavior in demonitisation 

Scope of the study 

The scope of the study is limited to consumer goods. This conceptual study focuses on few 
aspects such as, impact on buying behavior and customer perception about the buying behavior during 
demonization. The present study is analyzed in Namakkal district. 
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Limitations 

The study is restricted to Namakkal district. 

The study assumes that the information was given by the consumers without any bios. 

The analysis is done based on the opinions of the sample drawn at random, the size of which is 

150. 

The analysis is only with the perception of consumer buying behavior during demonitisation. 

Review of literature 

Geeta Rani (2016) researched on the effect of demonetization on retail outlets. This study states 

that at initial stage shopkeepers faced huge problems and the markets were very much affected by 
cash crunch but this move also compelled the shopkeepers and consumers to adopt cashless means which 

will create a sound or hassle free transaction process in the future. Indian consumers will strive to learn 
new ways of cashless transactionsand consumer buying behaviour affect to consumer goods due to 

demonstration. 

Several Theoretical Perspectives" by "Parag Waknis" make clear the impact of demonetization 

on three markets: Money Market, Goods Market and Labor Market (a) Money Market-Supply Side 
Demonetization cut currency supply in economy so M move left, it's denotes that consumers have a 

smaller amount cash now so output's demand go down with the reason to fall in consumption (in Goods 

Market) and graph of IS move left and it outputs to a fall in real interest rate r, At current we seek at the 

labor Demand side- concern have a smaller amount cash during demonetization so they cut their labor 

demand and its output to labor demand shift left and also output supply move left. 

This study explores the effect of demonetisation policy (launched on 8th November 2016) on 

grocery retailing in India. The study is exploratory in nature and secondary data was used to collect the 

data. It was found that the sudden cash crunch evoked by demonetization proved to be a significant 
motivator for transacting online. Even the connoisseurs of kirana stores and roadside shops for consumer 

goods shopping became to e-stores for their every day necessities. Although demonetization successfully 

created a space for e-stores esp. e-grocers in the retail industry, its position is limited only to being a 

shifting barrier. 
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Online business or online shopping has brought big changes in the opportunities and challenges 
for the business houses during demonitisation. From customers' viewpoint, the line of demarcation 
between domestic and national business firms and/or products has tapering down where quality, value, 
time, convenience, style etc. matters a lot (Gajjar, 2016; Bhat and Singh, 2018). 

Research Methodology 

The primary objective of this study is to research the impact of demonitisation on consumer 

buying behavior. Hence it is descriptive in nature. For the purpose of the study, the researcher applied 

convenient sampling in selecting the consumers in Namakkal district and thus primary data is collected 

through structured questionnaire from the sample of 150 respondents. The primary data thus collected 

were analyzed using percentage analysis. 

Analysis and interpretation of the study 

TABLE NO: 4.1 GENDER OF THE RESPONDENT 
NO.OF RESPONDENTS PERCENTAGE GENDER 

Male 
Female 
Total 

SOURCEs: PRIMARY DATA 

72 
78 

48 

52 
100 150 

INTERPERTATION 

The above table shows 48% of the respondents are male and 52% of the respondents are female. 

Thus the majority of the respondents are female. 

TABLE NO: 4.2 AGE OF THE RESPONDENTS 

AGE NO.OF RESPONDENTS PERCENTAGE 
Below 20 years 35 23 

20years-40years 45 30 

4lyears-60years 0 27 

Above 60y ears 30 20 

Total 150 100 
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SOURCEs: PRIMARY DATA 

INTERPERTATION 

The above table depicts that 23% ¢ the respondents are in the group of below 20, 30% of the 
respondents are 20-40 , 27% of the respondents are 41- 60 and 20% of the respondents are above 
60years. Thus the majority of the respondents are 20-40 years. 

TABLE NO: 4.3 ANNUAL INCOME 

INCOME 
Below Rs. 1 5000 
Rs.15001-30000 

Rs. 30000-Rs.45000 
Above-Rs.45000 

Total 

NO.OF RESPONDENT PERCENTAGE 
30 20 
48 
54 
18 

150 100 

SOURCES: PRIMARY DATA 

INTERPERTATIONN 

The above table said that 20% of the respondents have below Rs.15,000, 32% of the respondents 
have Rs.15,001- 30,000, 36% of the respondents have Rs.30,000 45,000 and 12% of the respondents 
have above Rs, 45,000 as their annual income. Thus the majority of the respondents have Rs.30,000 
Rs,45,000 as their annual income. 

TABLE NO: 4.4 AWARENESS ABOUT DEMONITISATION 

PARTICULARS NO. OF RESPONDENTS 
Fully aware 
Partly aware 
No Aware 
TOTAL 

PERCENTAGE (%) 
80 S3 
32 21 
38 26 

150 100 
SOURCES: PRIMARY DATA 

INTERPERTATION 

The above table shows that 53% of the respondents are fully aware, 21% of the respondents are 

partly aware and 26% of the respondents are no aware about demonetization. Thus the majority of the 
respondents are fully aware about demonitisation. 
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TABLE NO: 4.5 PROBLEMS DURING DEMONITISATION WHEN BUYING CONSUMER 

GOODS 

NO.OF RESPONDENTS PERCENTAGE 
12 
11 

PARTICULARS 
Purchasing power 

Availability of consumer 

goods 
Payment method 
Issue with traders 

TOTAL 

18 
16 

62 41 
54 36 

150 100 

SOURCES: PRIMARY DATA 

INTERPERTATION 

The above table shows that 12% of the respondents said that purchasing power, 11% of the 

respondents said that availability of consumer goods, 41% of the respondents said that payment method 

and 36% of the respondents said that issue with traders is the problems during demonitisation with buying 
consumer goods. 

TABLE NO: 46 DEMONITISATION CHANGE THE BUYING BEHAVIOUR 

PARTICULARS 
Strongly agree 

Agree 
Neither agree nor disagree 

Disagree 
Strongly disagree 

TOTAL 
SOURCES: PRIMARY DATAA 

NO. OF RESPONDENTS PERCENTAGE (%) 
42 

40 

36 
12 

24 

20 13 
150 100 

INTERPERTATION 

It is interpreted that 28% of the respondents said that strongly agree, 27% of the respondents said 
that agree, 24% of the respondents said that neither agree nor disagree, 8% of the respondents said that 
disagree and 13% of the respondents said that strongly disagree towards demonitisation change the 

buying behavior. 
TABLE NO: 4.6 DEMONITISATION SHIFT YOU FROM TRADITIONAL BUYING TO 

ONLINE BUYING 

NO. OF RESPONDENTS 
72 

PERCENTAGE (%) PARTICULARS 
Strongly agree 

Agree 
Neither agree nor disagree 

Disagree 

48 
28 19 
20 13 
16 
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Strongly disagree_ 
TOTAL 

SOURCES: PRIMARY DATA 

14 

150 100 

INTERPERTATION 

It is interpreted that 48% of the respondents said that strongly agree, 19% of the respondents said 

that agre, 13% of the respondents said that neither agree nor disagree, 11% of the respondents said that 
disagree and 9% of the respondents said that strongly disagree towards demonitisation shift thenm from 

traditional buying to online buying. 

Suggestions 
The government should have been create awareness about demonization in prior. 

The government should have been announce a proper e-cash payment method to the public 

in prior. 

The government should bring common norms among buyers and sellers during 

demonetizations in order to avoid conflicts between them. 

The government should have been take steps to avail all the consumer goods in market 

without any delay by keeping this demonitisation. 

The consumers must learn and be updated with online buying methods and to know various 

platform to buy the consumer goods. 

Conclusion 

Demonetization is a longtime practice in monetary policy to tackle black money. But as 

the Government expected the results are far away from the expectations. Initially people praised 

the government decision but in a bigger picture the effect of demonetization became reverse. 

Specially for the consumers, consumer goods players, retailers and wholesalers who are dealing 

with consumer goods have suffered a lot because of lack of proper planning, intelligence, 

infrastructure and foresight such as recalibration of ATM machines. There was need to pile up 

enough 100 Rupee notes and other smaller denomination notes in the market before taking this step 

so as to able to buy consumer goods. People face problems because the limit of withdrawal has not 

been kept at a better level. The truth is that its design was fundamentally flawed. There was no 

"policy skeleton," no analysis, and no evidence that alternative policy options were considered. 

Government should ensure the availability and trade of consumer goods for the sake of 

convenience of the end users before implement the demonitisation. 
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A Study on the Workplace Spirituality of The Staff Members O1 Engineering Colleges With Special Reference To Namakkal 
District 

R. Florence Bharathi', Dr. M. G. Saravana Raj Reseurch Seholar Manonmaniam Sundurunar Universin Tinueheli Dinctor Department QS Management Stulies Mahendra Engiwerng C'olleye Rusipurum Corresponding duthor : R. Florence Bharati 

Abstract: The cmerging xarudign called Workplace Spirituality' is interpreted br many in many ways. 7e reent res carches on Workplace Spiritualit' reveul that there is a vommon sct of theme that most of the suunes agne uyon. ost of the nsearchers in this fiell use referenee frim "The llundboak of workplace Spurinualn und Oryanuzalionul Performance" by (Giuculone and Junvierok- (2003). Ashnas and Duchon INUO) des ribe norkpkacr Spirtualid as nvolving three evels, individual, nork-unit «nd oryunizutivn-n ide. The wrk-unul damension entatls hov muuh emploves hove a sense ol eunnechon dnd commuunin wih ihetr munagen1enl, pnncifal, heud of the de/urinent, colleagues and sudenls: as nell us dssessng the eYlent o 
which they are carinN and encouraging. This reseureh is uimed ai fimlng out the workpluce spirualy of the stall members by Jinding out the interpersonal velationship. The sta membes who have good interpersonal relanonship would be more productive in their jobs und would have good indvidual und orgunizational peformance. This study' is useful for the management, sta members and reseurchers for their professional working. i is a descripiive npe of researrh. The sample size was 100. The quesiionnaire us prepared Jor 

measuing the workplace spirituality at Engincering Colleges. Data was analhzed by using W'eighred Average. Pearson Correlation Anahxis, Regression Analyis and Chi-Square Test. 
Keywords: workplace, spiritualiny, stalf members, intespersonal relationship. engineering college. 
Date of' Submission: 05-11-2017 Dte of acceptunce: 22-12-2017 

I. Introduction 
Engineening colleges of any country acts as a backbone for that country as it provides skilled humman 

resource. Iligher education sector, especially the engineering calleges today are facing global challenges froni a 
dynanic cuvironmient characterized by rapid technological changc. Engincenng colleyes are in nced af 
producine skilled and corporate ready graduates. It is he need of the lhour tor the managemcnt of these 
enginevring eolleges to focus more on developing the performance of the twaching stat This is mads possible 

by ereating an environment that inculcates good inierpcrsonal relationship. Intsrpuronal relarionsh1p o 
teaching staff in college includes the relationship with the management. Irincipal, Head of the department. 
colleagues and the students. The quality of the relationship is esential for the healthy developments of staft 
members and students alike. \We kmow for example that teacher leaming thrives when principals facilitate 
accommodating and safe organization culture. Productive environment is characterizd by supportive and warm 
interactions throughout the collegc. Positive interpersonal relationships have been proposed as a buffer against 
stress and risk, instumental help for tasks, cmolional support in daily life. companionship in shared activities 
and a basis for social and cmotional developncnt. Thercfore. positive intcpersonal relationship leads to better 
workplace spirituality. The nescarcher believed that the employces who have gocu interpersonal relationship 
with the nanagement, the principal, the head of the department, the colleagues and the studeats would have 
good organizaüonal behavior which is the indicator of workplace spirituality. 

OBJECTIVES 

PRIMARY OBJECTIVE 
To find out the workplace spirituality of the staff members of Engincering collges with special relerence 

to Namakkal District. 

SECONDARY OBJECTIVES 
I. To lind oul the interpersonal relationshijp of the stafl members with the management. 
2. To find oul the interpcrsonal relationship of 1he stafl sabeg with the principal. 
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A STUDY ON OCCUPATIONAL STRESS AMONG 

BANK EMPLOYEES 

Dr.R.Florence Bharath S.Inthu' Dr.S.Rajasekar? 

Abstract 

work without stress. Stress is universal The employees 
h oious organizations undergo vanious fonms of stress in order to accomplish the work assigned ( ee 
ne target. Occupational stress is related to the job of an individual. The root of oGGupational stress emerges from the unexpected responsibilities expecled from an employco to work beyond his KNOWedge and capacity. Banks play a 
dominant role in the economic developnient of a country. Banks maintain the fiow of money in a country. It caters ha 
need of credit for all sections of the society. A bank is a financial institution tnat accepis deposils from the public and creates credit. A reasonable amount of occupational stress can be molivatirng, whereas long time stress causes drastic changes in the perfomance level of employees thereby reducing the overal productivVity of the organization his study gives an overview of work related stress in banking sectors. 

n this modem era and highly competitive world, there is no 

KEYWORDS: Occupational stress, unexpected responsibilities, economic development, credit, performance productivity 

Personality of a person is the most dominating factor which influence the way he or she responds to all events and situations. In personality, we include values, attudes and behavior patterns that make up the uniquenessci individuals and ultimately make him more or less vulnerable to stress. 

Introduction 
Stress at work place is a common feature and majority people experience it. Some 

jobs are more associated with stress. The persons holding these jobs come under stress and suffer from its consequences. Stress is a reality of our everyday life. People experience stress at home or with friends or from other non work situations. Stress is highly individualistic in nature. Some people have high tolerance for stress and thrive well in the face of several stressors in the environment. In fact, some individuals will not Perform well unless they experience a level of stress which activates and energizes them to put for their best efforts. On the other hand, some people have very low level of tolerance for stress and they become paralyzed when they have to interface with routine everyday factors that appear undesirable to them. 

The origin of much personal stress lies within cur perception on our concepts of itself. Low self esteem can lead to a number of stress inducing problems and inability to adapt willingness to place excessively hign demands on yourself and lack of assertiveness. Those with high self esteem handle stress with ease since a high self concept and confidence in their abilities allows them to develop positive attitude towards the management of stress and enables them to deal witn stressful situations with calmness and clear thinking: 
Review of Literature The stresses in an individual's environment are too many or too intense, so their efforts on performance will be adverse. Errors will increase, bad decisions will be made and the individual will experience insomnia, stomach problems and psychosomatic illness. From the individual's point of view stress is body's physical, mental and chemical reactions to circumstances that frighten confuse, danger and irritates. lf controlled, it becomes an enemy which can cause diseases like high blood pressure, ulcer, asthma and thyroid. 

The concept of stress means an extreme condition whie involves tension. In Physics 'stress' is a force, whcu acts on a body to produce strain. In Physiology, stres relers to the changes in physiological function in response to the factors causing stress. In Psychology it refers io a state of the organism resulting from serve interacuot with the environment. In Psycho-Physiology, tem stress' is that stimulates which imposes detectd strain that cannot be easily accommodated by ne ana so presents itself as impaired health or bena 
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Abstract 

Consumer buying behaviour is the total sum of consumer's attitudes, preference 

intentions and decision regarding the consumer's behaviour in the market place while purchasing8 

the product or service. Recently two important remarkable events took place in our country has a 

severe impact on consumer behaviour. Initially demonetization that was announced on Nov 8, 

2016 with the aim of cracking down the shadow economy and later on implementation of GST 

from July 01, 2017 with the aim of improving tax administration system and business 

transactions. This study will examine the impact of demonetization and GST on buying 

behaviour of FMCG consumers, particularly in Namakkal district. Here, for this study we will 

use descriptive research method and data will be collected through primary source and 

secondary sources. Sample size for the study will be 150 respondents. The study is mainly 

focused the impact of demonetization on consumer buying behaviour through consumer goods. 

Now days the consumer demand very increasing because their daily purchased necessary 

goods for surviving their life even though impact of demonetization stages also consunmer 

demand not reduced because they have to fulfill their needs and wants through consumer goods. 

INTRODUCTION 
The overall performance of the consumer goods sector will be adversely impacted by 

demonetization as consumers curtailed spending following lesser currency notes in circulation, 

JM Financial said in its report. "The quarter began on a promising note for most businesses, 
aided by good festive demand, but as is now well-known, the move to demonetize high 
denomination currency notes in the country from November 8 would make third quarter 
(October-December) 2016-17, a likely washout quarter for most businesses," the financial 

services company said in the report 
In today's competitive market, consumers are the kings. They are the decision makers. 

The behaviour pattern of the Indian consumer has undergone a major change in the organized 
retail sector. The consumer landscape is changingy fast. Occupational changes and 
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penetration of media have caused a significant change in the way the consumer spends his 

money. The consumer now wants to eat shop and get entertained under the same roof. 

Consumers today see an exciting explosion of choices, new categories and new shopping options 

and have increasing disposable income to fulfill their aspirations. 

Consumer dynamics in India is changing and the retailers need to take note of this and 

formulate their strategies and tactics to deliver value to the consumer. Therefore each retailer 

needs to evaluate the enablers and deterrents in the retail market place. This primarily involves 

identifying the key drivers of growth, the consumer's profile and consumer's expectations. It 

also means evaluating the nature of competition and challenges in the market place. All these 

have led the Indian organized retail sector to pay more attention to analyses the consumer 

behaviour in order to satisfy the target market's needs more effectively than its competitors. 

CONSUMER BUYING BEHAVIOUR 

It is the process by which individuals search, select, purchase, use and dispose of goods 

and services in satisfaction of their needs and wants. Management is the youngest of sciences 

and oldest of arts and consumer behaviour in management is a very young discipline. Various 

scholars and academicians concentrated on it at a much later stage. It was during the 1950s, that 

marketing concept developed, and thus the need to study the behaviour of consumers was 

recognized. Marketing starts with the needs of the customer and ends with his satisfaction. When 

everything revolves round the customer, then the study of consumer behaviour becomes a 

necessity. It starts with the buying of goods. Goods can be bought individually, or in groups. 

Goods can be bought under stress (to satisfy an immediate need), for comfort and luxury in 

small quantities or in bulk. For all this, exchange is required. This exchange is usually between 

the seller and the buyer. It can also be between consumers. In simple words, consumer behavior 

can be defined as the set of activities and actions of consumer in purchasing and using goods and 

services. However, it involves a study of buying motives in order to examine the selection 

criteria of the consumers for the products they choose and what motivates them to behave as 

they do in the market places. It focuses on how individuals make decisions to spend their 

available resources like time, money and efort on consumption related items. 

REVIEW OF LITERATURE 

Bhattacharya and Sen (2013) stated that consumer behaviour referred to the mental and 

emotional process and the observable behaviour of consumers during searching, purchasing and 

post consumption of a product or service. Consumer behaviour involved study of how peoplee 

buy, what they buy, when they buy and why they buy t blended the elements from psychology, 
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sOCiology, socio-psychology, anthropology and economics, to assess the influence on the 

consumer irom groups such as family, friends, reference groups and society in general. 

Yue and George (2016) suggested the retail patronage idea such as the concepts of store choice 

and frequency of visit. In this study, meta-analysis suggested that various predictors (eg 

service, product selection, quality) were strongly related to shoppers' retail choice, whereas 

others (eg, store attitude, store image) were important antecedents of shopping frequency. 

However, the relationships between the predictors and retail patronage vary according to the 

study characteristics (e.g.. experimental Vs other designs) 

Wanninayake and Pradeep (2017) identified that design layout and product displays were 

highly considered in selecting a specific supemarket outlet. They also felt that most of the 

professionally qualified customers selected design layout and product display as important 

variables in selecting the supermarkets. They also further stated that most of the female 

customers gave priority to product display in supermarket selection. 

Dineshkumar and Vikkraman (2017) noted that customer satisfaction was widely recognized 

as a key pressure in the formation of consumers' future purchase intentions. Satisfied customers 

were also likely to tell others of their favorable experiences and thus engage in positive word of 

mouth advertising. It aimed to investigate the impact of demonetization on consumer buying 

behaviuor. The objectives were to identify the deteminants of consumer buying behaviour in the 

organized retail outlets in Namakkal district, to identify the attitude and behavior of the 

customers those who were purchasing in consumer goods with impact of demonstrations. 

Gomathi et al. (2018) studied the impact of demonetization on consumer buying behaviour 

with reference to Namakkal district. The preferences of the consumers clearly indicate the 

importance of advertisement in influencing their purchase, the additional facilities expected, 

improvement expected in handling defective goods and many more. They analyzed the attitude 

of the consumer towards departmental stores they have to buy the goods daily with effect of 

demonetization. 

OBJECTIVES OF THESTUDY 

The following are the objectives framed for the study: 

To study the demographic characteristics of impact of demonetization on consumer 
buying behaviour through consumer goods 

To study the consumers' behaviour after the demonetization process. 

To provide valuable suggestions to impact demonetization on consumer buying 

ARS 
behaviour 
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RESEARCH METHoDOLOGY 

For the present study, the universe comprised of the impact of consumer buying 

behaviour with special reference to Namakkal district. The sampling units were selected by 

covering the five taluks of Namakkal district. The size of sample was 150 respondets. These 

samples were carefully selected by the researcher from the respondents in the five taluks of the 

study area. Both primary and secondary data were used in the study for the purpose of analysis. 

For collecting primary data, field survey technique was employed in Namakkal district. A well 

framed questionnaire was used to collect the primary data. The five selected taluks 

fromNamakkal district based on the convenience sampling technique for collecting the data. 

First-hand information pertaining to the impact of consumer buying behaviour changes through 

demonetization. 

LIMITATIONS OF THE STUDY 
The research had following limitations: 

The study was conducted only in Namakkal district hence, various other potential 

samples outside city were not considered 

Since the data was analysed specific conditions therefore it can be generalized. 

The study was not exhaustive. 

Time was another limitation. 

STATISTICAL TOOLS USED FOR ANALYSIS 

The extent of using of consumer goods between the different types of respondents based 

on their age, gender, educational qualification, occupation, monthly family income, family size, 

preferred type of stores, frequency of visit and type of product preferred was studied by means 

of Percentage analysis and Multiple regression analysis were used appropriately. 

RESULTS AND DISCUSSION 

Multiple regression analysis is a statistical technique that can be used to analysesthe 

relationship between a single dependent variable and several independent variables. The main 

objective of multiple regression analysis is to use the independent variables whose values are 

known to predict the single dependent value selected by the researcher. Each independent 

variable is weighted by the regression analysis procedure to ensure maximal prediction from the 

set of independent variables. The weights denote the relative contribution of the independent 

variables to the overall prediction and facilitate interpretation as to the influenceof each variable 

in making the prediction, although correlation among the independent variables complicates the 

interpretative process. The set of weighted independent variables form the regression equation, a 

linear combination of the independent variables that best predicts the dependent variable.In this 
OF 
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following analysis, the researcher took six independent variables viz., age of the respondents, 

family monthly income, family size, frequency of visit to the stores to buy consumer goods, 

attitude score, satisfaction score and a dependent variable level of perception, Attitude and 

satisfaction. To find out the relationship between the level of perception, Attitude and 

satisfaction towards organized retail stores among the customers and selected six independent 

variables, the following regression model has been formulated and discussed in the following 

tables: 

Factors Contributing to the impact of demonetizationon Consumer buying behaviour-

consumer goods 

Consumer perception (Y)=a+ bl (age) + b2 (family monthly income) + b3 (family 

size)+ b4 (frequency ofvisit to the stores)+ b5 (attitude score) + b6 (satisfaction score) 

Where, a = Constant;b1, b2, b3, b4, b5, b6 = regressioncoefficients 

Mean and standard deviation of the regression predictors is discussed in the following 
table: 

TABLE N0:01 
MEAN AND STANDARD DEVIATION OF THE REGRESSION PREDICTORS 

Mean SD 
89.296 10.135 

S.No. Predictors 
Perception score 

Age 
Family Monthly Income 

Family Size 
Frequency of visit to the stores 

to buy consumer g00ds 
Attitude score 

Satisfaction score 

28.87 9.59 
28444.275 51351.198 

2.011 0.501 
2.904 1.544 

123.505 
72.452 

15.686 
9.257 

The above table shows the mean and standard deviation of the regression predictors. The 

mean values of perception score, age, family monthly income, family size, frequency of 

visit 

tothestores,atitudescoreandsatisfactionscoreare89.296,28.87,28444.275,2.011,2.904,123. 
505, and 72.452 respectively. 

In order to measure the interdependence of independent factors and level of perception of 

the consumer buying behavior after demonetization, the results were subjected to 

multiple regression analysis. The relationship between the consumer perception and six 

predictors were studied and discussed. 

Consumer Perception = 0.986 + 0.009 (age) +0.020 (family monthly income) - 0.083 

(family size) - 0.005 (frequency of visit to the stores) +0.430 (Atitude score) +0.331 

ART GE 
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(Satisfaction score). 

The multiple linear regression co-efficient (dependent variable) is found to be 

statisticallyfit as R2 is 0.642 for consumer perception. It shows that the independent 

variables contribute about 64.2 per cent of the variation in the consumer perception and 

this is statistically significant at1%. 

TABLE NO: 02: 

FACTORS CONTRIBUTING TO CONSUMER PERCEPTION 

Variables 
(Constant) 

Age 
Family Monthly Income 

Family Size 
Frequency of visit to the stores 
to buy the consumer goods 

Attitude score 
Satisfaction score 

R Value 

S.No. CoefficientSE value Pvalue 
0.986 0.081 
0.009 0.010| 

0.010 2.052 0.040 
0.015-5.536 | 0.000* 
0.005 

0.858 0.391NS 

0.020 
-0.083 
-0.005 4 -1.013 0.311S 

0.025 17.243 0.000** 
0.024 13.632 0.000** 

0.430 

R Value 

FValue 

0.331 
0.801 

0.642 
296.56** 

Note:**-Significantat1%level,*-Significantat5%levels- NotSignificant 
CONCLUSION 

Encouraging customers for going digital by providing some discounts or cash back 

schemes by virtue of clubbing with an M-payment could be beneficial for the trade. Consumer 

goods van and Bingo should be done on order capture basis so that retailers dependent on cash 

could be provided with some time in order to arrange cash. In case of convenience credit time 

should be provided to retailers with good transaction records in order to reduce issues related 

to cash crunch. Fast moving consumer goods sectorto recoverfully from demonetization effect in 

this fiscal year. Inspite of all the flaws in the entire process of demonetization and various 

problems faced by the entire country, recovery is expected at the earliest. Life is getting back to 

normal with change in withdrawals from ATMs per day, shorter questat the ATMs, less pressure 
on the bankers, increased amount of cash in hand, people equipping to use digital methods of 

payments etc. As a positive effect of demonetization, there is a move towards formal economy 

and organized national players. It might be challenging for the regional players who are 

largely unorganized in nature. Sooner we adapt to varied means of transactions easier it will be 

to evadelosses. So the consumer buying behavior changed according to demonetization 
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ABSTRACT 

Psoriasis is a disease characterized by increased 
h 

epidermal cell turnover and hence an increase in purine 
catabolism. The Serum 

uric acid levels in psoriasis are expected to be raised because of the high purine catabolism. 

AIM 
To study the levels of serum uric acid in 25 cases of uncomplicated chronic plaque type psoriasis. 

MATERIALS AND METHODS 

Twenty five consecutive patients with chronic plaque type psoriasis attending the Dermatology OPD of a Tertiay a 

were selected and their serum uric acid levels were estimated. 

RESULTS 

The average uric acid levels in males psoriatic patients was between 3.6-7.7mg/dl and in the female psoriasis patients, the serum 

uric acid values were between 2.5-6.8mg/dl. 

DISCUSSION 
The serum levels of uric acid in uncomplicated chronic plaque type psoriasis were within the normal ranges for both male ana 

female patients. Since only chronic plaque type psoriasis patients were included in the study and the severity of disease is less in 

such patients when compared to erythrodermic or unstable psoriasis, the serum uric levels were observed to be within the normal 

ranges. 

CONCLUSION 

This study concludes that the serum uric acid levels are not raised in chronic plaque type psoriasis, patients with less disease 

severity. 

KEYWORDS 
Chronic Plaque Type Psoriasis, Serum Uric Acid, Purine Catabolism, Accelerated Epidermal Kinetics. 

HOW TO CITE THIS ARTICLE: Shanmugasundaram V, Nithya D, Joseph S, et al. A study of estimation of serum uric acid level in 

patients with psoriasis. J. Evolution Med. Dent. Sci. 2016;5(12):506-508, DO1: 10.14260/jemds/2016/115 
Some studies even go on to state that raised serum uric 

acid levels contributes to metabolic syndrome, which in turn 
INTRODUCTION 

Psoriasis is an immune mediated papulosquamous disorder 

with accelerated epidermal pkinetics. Psoriasis is a common, 

chronic disease of the skin and both genetic and 
may be connected to immunological abnormalities and that 

psoriasis may be considered as an immune-metabolic 

disease. Since there are not many studies on the relationship 
between serum uric acid and psoriasis we conducted this 
study to estimate the levels of serum uric acid in chronic 

plaque type psoriasis patients. 

environmental factors play a critical role in its inducementl] 

Recently, it was noted that elevated serum levels of uric acid 

are associated with factors that contribute to metabolic 

including obesity, syndrome 
hypertension and diabetes.123451 The cell proliferation index is 

increased; the cell transit time is shortened, leading to a high 
cell turnover state. It is expected that such high cell turnovers 

hypertriglyceridemia, 

MATERIALS AND METHODS 

Twenty five consecutive psoriatic patients with chronic plaque 
type psoriasis irrespective of the duration of their disease 

were selected amongst the patients attending the Dermatology 
OPD in a Tertiary Care Hospital. The patients with renal 

diseases, gout and malignancy and on drugs lowering uric acid 

level like allopurinol, colchicine and febuxostat were excluded 

from the study. All the patients were thoroughly examined to 

will be associated with an increase in the serum uric acid. In 

recent times, there is much interest in the raised levels of 

serum uric acid in psoriasis patients with some studies even 

linking it to increased incidence of psoriatic arthritis and 
increased prevalence of metabolic syndrome. 

note the areas of involvement and extent of the disease. Also 
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patients with psoriatic erythroderma, generalized pustular 

psoriasis, palmoplantar psoriasis and psoriatic arthritis were 
not included in the study, since this study is aimed at 

estimating the uric acid levels only in the chronic plaque type 

of psoriasis. After obtaining informed consent, blood was 
drawn for serum uric acid estimati on. 

The estimation was done using fully automated clinical 
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chemistry analyzer.171 The results were reported in mg/dL. 
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Uric acid level in serum (Male) 
Age 
45 

SI. No. 
mg/dL normal in all but one, most likely because this study was 

conducted among patients with less severity of diseases in the 
outpatient set-up, besides only chronic plaque type psoriasis 
were included, no erythrodermic or generalized pustular 
psoriasis were included in the study. Psoriasis is a disease with 

rapid epidermal cell turnover, which in turn results in 
hyperuricemia.l131 Furthermore, in hyperuricemia patients, 
there is an increase in purine catabolism. The serum uric acid 
levels are exacerbated by in the severity and duration of 

3.9 
4.7 60 

50 3.6 

45 7.0 

6.2 
6 62 .8 

7.6 
4.1 

60 
69 

9 41 

0 38 7.1 psoriasis. 
The severity of the diseases in chronic plaque psoriasis is 

less when compared to erythrodermic pustular psoriasis due 

to lower body serface area involvement. Hence, this may 
explain the normal levels of serum uric acid in the study. 

19 4.1 
19 

6.8 60 
26 

13 
4 5.8 
15 30 4.8 

46 3.7 16 
Table 1:Serum uric acid level in psoriatic male patients 

CONCLUSION 
This study concludes that the serum uric acid levels are not 

increased in all psoriatic patients. In patients with less severe 
disease such as uncomplicated chronic plaque type psoriasis, 
the serum uric acid level was well within the normal range. 
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Urie acd level in 31-50 50 
Study 
Group 
Male 

SI No » 18 19 30 serum (emale) 

Age mg/d 0 

3R Female 1 

Total 3 (12%) 12 (48%)| 9 36%) 

(4%) 
Table 4: Age wise distribution of psoriasis 

patients enrolled in this study (n-25) 

5,1 
Minin mum 

value of 

Maximu 
value of 

Average 
value of 

serum uric Study 
Group 

5.7 
serum ur'ic Scrum uric 

Puble 2 Serwn uric acid level 
n psoriaticfemale patients acid (mg/1) 

3.6 
8 
Table 5: Uric acid value in 

acid (mg/L 
7.9 

acid (mg/) 
5.322 

181 
Male 

Female 6.4 
Percentae 

(%) 
No. of 

Sex 
Patients psoriasis patients in this study (n=25) 

Male 
Female 
Total 

Table 3: Gender wise distribution of psoriasis patients 

16 

36 

25 100 

enrolled in this study (n=25) 
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Abstract The worldwide intcrest of the current era is to in 
crease tendency towards the use of natural substances instcad 
of synithetic ones So, altcrmatrve and effective environment 
fricndly sustainable technologies are highly necded Duc to a 
broad range of biokogical activities, fungi arc considered asa 

significant source of pigments. Among the fungal species in 
the soil, the genera of Aspergillus, Fusarium, Penicillium, 
Paecilomyces, and Trnchoderma are dominant The pigments 
commonly produced by fungi belong to aromatic polyketide 
groups such as melanins, quinones, flavins, ankaflavin, an-

thraquinonc, and naphthoquinone. The use of fungal pigments 
has bencfits which comprise casy and fast growth in the cheap 
culture medium and different color shades being independent 

pigments from natural sources has become s1gn1ficant workd 
wide. These products have been extensively used in foodstuf. 

cosmetcs, pharmaceutical, and textike manufacturing process-
es The natural dyes have been uscd for varous purposes as 

colonng agents. Over the centunes, many active metabolites 

were discovered from diverse natural sources such as highcr 

plants, aninals, insects, and microorganisms. Among these 

sources, the microorganisms are most likely the group that 

generates metabolites possessing the most ready industrial 
applications as they are chemo-organotrophic. presenting a 

igh growing rate on a short cycke of life and producing large 

amounts of biomass in a short time (Dufosse 2006). As aa 

lot of synthetic dyestuffs have been found to be hazardous 
of weather conditions and woud be useful in various indus- to human health, only limited kinds of such dyestulls are 
tral applicaticons. In relation to the toxic effects of the synthet acceptable to be used in food in many countries, and hence. 
ic dyes, the natural dyes are easily degradable since they cause there is a neod to develop alternative sources (L.ec et al. 

2001). Thus, there is a strong interest in natural pigments 
produced from microbial source and that would be a good 

alternative one compared to otheT available synthetic dyes 

no detrimentzl effects. Thus, the study of pigments produced 

by soil fungi has tremendous use in medical, textik coloring. 

food coloring, and cosmetics 

(Sasidharan et al 2013). 
Soil fung are a wide range of organ1sms that may be ac 

tively freely growing, closely associated with other organisms 
The quality as well as quantity of organic matter in the soil has 
a direct corelation to the growth of fungi, because most fungi 
consume organic matter for nutntion Fungi thnve in acidic 
environments. Soil fungi are metabolically very active and are 
able to produce many substances of economic value such as 
secondary metabolites and pigments Among the fungal spe-
cies in the soil, the genera of Asperg1llus, Fusarum, 

Penicillium. Paecilomyces, and Trichoderma are dominant 
(Celestino et al. 2014). Organisms capable of synthesizing 

Keywords Fungi Pigments Fermentation Industrial 

application Eco-fnendly 

Introduction 

Due to negative assessment with several artificial synthetic 
colorants, developmental process for the production of 

B VPradecp 
pigments are plants, animals, bacteria, fungi, and algac 

Among these, fungi are reported to produce large amounts 

of pigments (Mortcnsen 2006, Kirti et al 2014) Fungi pro-
duce numerous extracellular enzy mes and secondary 
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melabolites, ineluding organic acids, pignnenls, ana additives Neverthcless, they are morc associalcd wilh mer 

phanacological properties, such as antibiotics and immuno 

Suppressant, than to their nutritional value (Takahashi and 

Carvalho 2010). Fungi are significant source of piginents, 
Since some fungal species are rich in stable colorants (Nagia 

and EL-Mohamedy 2007). The use of filamentous fungi cul-

tured on different agro-industrial by-products have been 

proved to be an altemative to obtain pigments (Lpcs et al. 

2013). The pigments commonly produced by fungi belong lo 

aromatic polyketide groups such as melanins, quinones 

(Dufosse ct al 2005; Caro et al. 2012), lavins, ankaflavin, 
anthraquinone, and naphthoquinonc (Dufosse 2006). Duc to a 

broad range of biological activities of phamaccutical proper 
ties, fungi are considered to have intensc benefit to humankind 
(Zhang et al. 2004). The use of microbial pigments have ben-
efits which comprise casy and fast growth in the cheap culture 

medium, difierent color shades being independent of weather 
conditions, and useful in various industrial applications (Venil 
and Lakshmanaperumalsamy 2009). Owing to the increase in 2005). Many of the pigments of fungi are quinones or similar 

pnce of the raw material., pollution, complexity of the synthet-
ic material, and its products, natural substances arc bocoming the perceived biosynthetic pathway which reflect their struc-

important. The natural colorant has antimicrobial activity and 
is less allergenic and more stable in use instead of the synthetic 

ones (Mebrabian et al. 2000). Consequently, the synthetic 

dyes are hazardous to the environment and they must be re-
placed by eco-friendly natural dyes (Sewckow 1988; 
Velmurugan et al. 2010a). 

0od SOUrCe of natural dye (Vclmurugan ct al. 2010b). The utiiza 
On o1 nilural pignents in foodstull, cosnctc, and phhrma 

cculcal nanulacturing processes has becn incrcasng in recC 
ycars. This is duc to thc concem about the toxicity probleins 

Causcd by synthctic compounds and thcir industria by 
products on human beings and the environmen 
(Boonyapranai et al. 20O8) The effect of light in cxtracllular 
and intraccllular piginent and biomass production was ellec-
Iive when incubated in total darkness (Velmurugan ct al 

2010c). 

Metabolie pathway of pigment biosynthesis by shikimale 

pathway 

Fungal metabolites have been divided into primary, which are 

metabolites esscntial for growth and reproduction and sccond 
ary, which comprise of important metabolites not essential to 

cellular life. But, this difllerence is arbitrary when applied to 

metabolic pathways rather than their products (Keller et a. 

conjugatcd structures that are mostly classificd accord1ng to 

turc to pigments derivcd from the shikimate (chorismatc) 
pathway (Fig 1). The shikimate pathway is a seven-step met 
abolic route uscd by fungi for the biosynthesis of amino acids 

such as phenylalanine, tyrosine, and tryptophan. Seven en-

zymes are involved in this pathway, and the gene shk has ben 

selected to avoid potential conflicts with gencs cncoding cn 
zymes of nonchorismate-derived aromatic biosynthesis. In the 

first step, the glycolytic intermediate phosphocnol pyruvate 
and pentose phosphate pathway intermediate erythrose-4-
phosphale are condenscd to a seven-carbon-six membered 

heterocyclic compound, 3-dcoxy-D-arabinose-
heptulosonate-7-phosphate derivative (DAHP). In the second 
siep, the nng oxygen is exchanged for the exocyclic C7 of 

DAHP to form a highly substituted cyclohexanc derivative, 
3-dehydroquinate. The remaining five steps serve to introduce 

a side chain and two of the three double bonds that convert this 

Pigments 

The microorganisms producing pigments must satisfy several 

criteria such as capability to use a wide range of carbon and 
nitrogen sources, tolerance to pH, temperature, mineral con 

centration., possession of being moderate growth conditions, 
reasonable color yield, non-toxic, non-pathogenic, and casily 
separable from the cell mass (Babitha et al. 2009). In addition, 

these organisms can grow in different culture systems (sub-

merged and solid) and can be genetically modified to increase 

productivity and quality of the produced pigments (Espinoza 
Hernandez et al. 2013). Microbial pigment is the tem used to 

refer to the microbial cells that produce color (Joshi et al. 

2003). Pigments come in a wide range of colors, and certain 

bio-pigments like anthocyanin are water soluble 

(Chattopadhyay el al. 2008). As natural dyes derived from 

dried raw material have disadvantages towards extraction 

yicld factors, the use of biological sources such as fungi, bac-

teria, algac, and plant cell cultures are used as natural pigment 

(Santis et al. 2005). Due to ever rising demand by the con-

sumers, the use of natural colorants obtained from fungal pig-
ment has replaced the use of synthetic dyes in food applica-
tions (Dufosse 2014). Moreover, toxicological test confims 

that the pigment extracted from fungi could be an altemative 

cyclohexane into the benzene ring, the property of aromatic 

amino acids. Chorismate which is the final product of shi 
kimate pathway is a subslrale for a number of sccondary com 
pounds. Thus, the amino acids are precursors for a wide range 

of compounds that represent the building blocks for many 
pigments of fungi (Herrmann 1995; Velisek and Cejpek 

2011). The melabolic routes difler for difficrent classes of pig-
ments. Example, in Monascus pigment, octanoic acid and 

hexanoic acid are the precursors of the azaphilonc compound 
These fatty acids are formed by a separate polyketide syn-
hase. The orange pigments, nmonascorubrin, and 
rubropuntalin are synthesized on the cylosol from acetyl co-

enzyme A. These pigments have a structure responsible by 

their high aflinity to compounds containing primary amino 
groups. Reaction with amino acids lead to formations of 
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hydro soluble red pigments, monascorubramine, and 
rubropunctamine. The mechanism of yellow pigment forma-
tions is not clear; some authors consider that these are prod-ucts of the alteration of orange pigments, while others believe 
it to be pigments with their own metabolic pathway (Lin and 
Demain 1991; Juzlova and Martinkova 1996). 

atom by a hydroxyl group. Filamentous fungi produce 

hydroxyanthraquinone compounds particularly by the polyke-

tide pathway that can be used for the production of dyestull as 

natural food grade colorant (Caro et al. 2012). 

Napthoquinones play an important role as dyes in pigmenta-

tion, and the colors range between yellow, orange, and browi. 

The fungal naphthoquinones include a wide range of biolog-
ical activities and found to be extensive in Fusarium sp. 

(Mendentsev and Akimenko 1998; Babula et al. 2009). 

Azaphilones, the group of fungal metabolites, have similar 

molecular structures as well as similar chemical properties 

produced by the genus Monascus (Du fosse 2009). 
Monascus are known to produce six major pigments ol poly-

ketide origin that have been categorized into three groups 

based on color (Fig. 2g). They are yellow: monascin and 

ankaflavin, orange: monascorubrin and rubropunctatin, and 

red: monascorubramine and rubropuntamine (Sweeny ct al. 

1981). Monascus pigments are sensitive to heat, fade with 

light, unstable in the pH range of 2-10, and have low water 

solubility, and their stability is affected by acidity, tempera-
ture, light, oxygen, waler activity, and time. When these pig-
ments react with amino group-containing compounds in the 

medium such as protein, amino acids, and nucleic acids, they 

form waler soluble pigments (Dufosse 2009). 

Fungal pigments 

Fungal pigments are secondary metabolites since these pig-
ments are commercially used and made possible in the same 

way as antibiotics are mass produced from fungi by decp-tank 

fermentation. The color productions by this fungal source un-
der controlled experimentation on a mass scale basis using a 

wide varicty of substrates are eco-friendly (Sudha et al. 2014). 

Likewise, the ascomycetes fungi showed potential in the ex 
traordinary color range of pigments in the red and yellow 
spectra using quantitative colorimetry and these fungal pig-
ments are comparable to the existing natural food colorants 
which serve as a new source in food coloring (Mapari et al. 

2006). A number of different species of fungi from soil niche 

producing natural colorants, molecular fomula, and their sug-

gested application in various industrial areas are summarized 
and prescnted in Table 1. Paecilomyces sinclairii has 

shown a quantitative yield of 4.40 g/L of pigments 
which was high compared to others (Cho et al. 
2002b), and quantitative yield of pigments isolated from 

few other soil fungi under submerged fermentation are 

Fermentation development of fungal pigment 

presented in Table 2. 

Fungi produce an inspiring group of secondary metabolites 

(Khaldi et al. 2010). Fungi such as Aspergillus, Fusarium, 
Penicillium, and Trichoderma produce pigments during their 

growth as intermediate metabolites (Atalla et al. 2011). Fungal 

pigments which are produced as secondary metabolite can be 

classified chemically as carotenoids and polyketides. Fungal 

polyketide pigments are made of tetraketides and octoketides 

which have eight C2 units that contribute to the polyketide 

chain. Anthraquinone, hydroxyanthraquinones, 
naphthoquinone, and azaphilone are represented classes 

which cxhibit an array in any colo, and this rational approach 
is potentially safe for fungal cell factories of polyketide pig-

ments used for other industrially important polyketides 
(Mapari et al. 2009, 2010). Anthraquinone belongs to the class 
of quinone family which consists of several hundreds of com-

pounds that vary in the nature and position of substituent 

groups (Liu et al. 2008). Anthraquinones are the most impor 

tant pigments for a long time in the dyestuff industries. A 

number of fungi such as Trichoderma, Aspergillus, and 

Fusariant produce anthraquinone compounds through bio-
Iechnological techniques, and most of these fungi produce 
mixture of anthraquinone (Hobson and Wales 1998; Durán 

ct al. 2002). Hydroxyanthraquinone (Fig. 2a) is the derivative 
of an anthraquinone through replacement of one hydrogen 

In fungal fermentation, either the vegetative cells or spore 

suspension has been used for inoculum. But the inoculum of 

spores in the fermentation process has many advantages com 
pared to the vegetative cells such as the ease in handling, high 
viability, and stability for a long period of storage, mainte 
nance, and preservation (Ajdari et al. 2011). Consequently, 
submerged fermentation and solid state fermentation are 
followed based on their own merits and demerits for the pro-

duction of fungal pigments (Vendruscolo et al. 2010). In view 

of this fact, exploitation of submerged fermentation has been 

studied for the production of Monascus pigments to overcome 

the problems of space, scale-up, and development control of 

solid culture. Similarly, the utilization of submerged culture 

can benefit the production of many secondary metabolites and 

decrease the production costs in reducing the labor involved in 
solid state fermentation (Vendruscolo et al. 2013). A new red 
pigment from Monascus purpureus can be isolated and puri-

fied in submerged fementation through large scale fermenta-
tion which could be economical for industrial application 
(Mukherjee and Singh 2011). During submerged fementa-

tion, Penicillium sclerotiorum 2AV2 produced ycllow-

orange pigment in Czapeck broth (Celestino et al. 2014). 

Moreover, solid state fermentation was one of the traditional 

processes involved in pigment production (Vendruscolo et al. 
2010). Since, in solid state fennentation, Monascus LPB97 
produced pigments using jack fruit seed powder which opens 
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abe Autural oaurence of fungal pigments from soil and thcir suggestcd appiicatio 

Refercnces 
Fng Color Pigrment Molocular Applications 

1omula 

CzHN0 Antimicrobial activity 

Textle dycing 
Antibacterial activiy 

Ray and Eakin (1975) 

Aulla ct ali. (2011): Aishwarya and 

Aishwarya (2014) 

Aspergillies miger Black AspeTgilin 
Asporg illaes niger Brown 

Micctich and Macdonald (1965). 

Teixeria et al. (2012) Aspergilus Sclerotionm Yellow Neoaspergillic acid Antibacterial activity 

Miao et al. (2012) 
Aspergillhas versicolor Yellow Asperversin C-Hs0 Antifungal activity 

Gessler ct ai. (2013) 
C H.O Textiic dyeing 

Antibactenial activity 
Fusarum onsponum Pinkiviolet Anthraquinone 

Boonyapranai et al. (2008); 

Kurobane et al. (1986) 
Fusarum erticillioides Yellow Naphthoquinone CoH,O, Antubacterial activity 

CzH20 
CaHsO 
CH20 
CzH,,0 

Juzlova and Martinkova (1996); 

Mostafa and Abbady (2014): 
Babitha et al. (2008); 

Moharamn ct al. (2012); 
Babula ct al. (2009): 

Monascus sp. Yellow Monascin 
Ankaflavin 

Food colorant 

Pharmaceuticals 
Antibacterial activity 

Anticancer activity 
Orange Monasconubrin 

Rubropuntatin 
Red Antioxidant Monasconubramine C2H0 

Rubropuntamine 
Yang et al. (2014) 

C2H0 
Penicillium herquei Yellow Food additive Takahashi and Carvalho (2010) Atroncnetin 

Antioxidant 
Dufosse (2006); 
Atalla et al. (2011) 

Penicillium oxalicum Red Anthraquinonc CuH,O Anticancer eflect 

in food and 
harmaceulicals 

CH,0 
CaHi0 
CpH,O 

Textile dyeing 
Dyeing of cotton fabrics Buchi et al. (1965); King et al. (1970); 

Food, phamaceuticals, 
Penicillium Orange to Yellow Purpurogenone 

Yellow to Orange Mitorubrin Martinkova ct al. (1995); 
Mapari et al.(2005); Takahashi and 
Carvalho (2010); Teixeria et al. (2012); 

Santos-ebinuma et al. (2013b); 

purpurogenum 

and cosmetics Red Mitorubrinol 

Brikinshaw et al. (1963); Chidananda 
and Sattur (2007); Lucas et al. (2007); 
Lucas et al. (2010) 

Penicilliun Yellow to Orange Pencolide CH,NO Antibacterial 

sclerotionum Sclerotiorin CH2CIO activity 
Antibacterial 

activity 
Antifungal 
activity 

Isochromophilone Antibactenial 

Activity 
Textile dyeing 
Antilungal activity 
Food industry 

Chitale et al. (2012); Ncethu et al. (2012) 
Gupta et al. (2013) 

Trichoderma viride Yellow Vindin CzoO 
Green 
Brown 

CzoHO, 
CH240 

Textile dyeing 

Antifungal 
Activity 

Mukherjee and Kenerley (2010); 
Shama et al. (2012); Kamala 
et al. (2015) 

Trichodenma virens Yellow Vindol 
Virone 

a way for industrial application as a potcnt food colorant 

(Babitha et al. 2007). Under solid state fermentation, 

M. purpureus KACC 42430 produced highest yield of pig-
ments when corn cob powder was used as a substrate. 

Table 2 Quantitative yicid of 

plgments ISolated from soil fungi 

(submergcd fermentation) 

Fungi pH Color Yield (g/L) Reference 

Monascus purpureus 5 Red 0.07 Mukherjee and Singh (2011) 

Paecilomyces sinclairii 6 Rod 4.40 Cho et al. (2002b) 

Penicilliumn funiculosum 1BT3954 8 Red 0.13 Jens et al. (2012) 

Penicilliunm sp. Violet 0.20 Ogihara et al. (2000) 

Penicillium sclerotiorum Orange 0.31 Lucas et al. (2010) 

Springet 

NAMAKKAL) 
7 206 

A 



I 

Q
 

O
: 

o 
O

-

. 

O
 



Aypl Micrnubiol Biotahnol (201o) 1X):loil lo4 

i2 Smucur of funpal pignents. a lHydnonyanthraqine (Mlayann ct al. 2005) b Ar pnk oal fnom /'enillum analieumm (1ufise et al. 00o) e Anthraquinone of Fusvari oNor2um (Nagia and EL Mohamedy 2007). d P'upungenme. e Miuonhrmi ( Takahashi and Carvalho 2010). fPenvhde (D. sclenotionin (), and isoNhnmaophilone ()(cs et al, 2007). g Mmanus pigmens (Mapui ct al. 200IS) 

the malun for pignnt pantactiou (Mapari et al 010) he 

bisy nthesis ot nanual eolorants tivnm lungr coukt ensun "ol 
ornt pnaduwtiom is aromplishod unuder conrollad condhtion 
in borractos that ofler the colorant mamufacturrr indepen 
denee tnn the extenal, seasonal suply »t raw matenabs 
and ponentially mininnize batch to batch vaiatiomns". For com 

menial developnent, the nmajor tactors inlueneing the bu 
mass and piment prouction are light, temperatue, ete 

(Vcmnugan et al. 2010J). The oaygen and earbon doxide 
evel in the gas env inommnt result in higher grow th and pig-
mentation. As oxygen evel inereases and caubon dionide level 

deereased, the ratio ot biomass derreased signilicantly to pig 
ment production (Han and Mudgett 1992). The fungus 
M pururnus is considened tw be the sounve of various soc-
ondary metabolites of polyketide groups (Musaalbakri et al. 
2006). Previous studies have reported that through strain im-
provement, carbon sounres change and pertection of culture 
conditions have enhanced the pmduction ot Monascus pig-
ments (Lim et al. 2000). Likewise, growth conditions such 
as pH, acrntion, and nitrogen souree for AMonascus sp. can 
result in the fomation of extracellular and water soluble pig-
ments, but intracellular pignents are insoluble in water (Hajjaj 
et al. 1998). Moreover, the pigment production by AM 
puryuneus changes depending on the light condition. The dif-
ferent light sources used were direet light, total darkness. par tially exposed to light, red light, bluc light, and green light. The incubation in total darkness was found to be effective in 

Eventually, com cob supplies nutrients to the onganism as it contains considerable amount of eellulose and hemicellulose (polysaccharides) which promote the growth and pignment production. As com cobs ane a signiticant sourve of fur tural (aromatic aldehyde), it has been used in a wide varicty o industrial processes. Compared to other substrates (rice bran, wheat bran, coconut oil cake, sesame oil cake, jack fiuit sced powder), com cob was found to be an economical and usefiul alternative liquid culture-based technology (Babitha et al. 2007; Velnmurugan et a. 2010d). The red pigment production by M. ruber in solid state fementation using com stecp liquor is a suitable souree of nitrogen and salts thus substituting various salts and yeast extract (Hamano and Kilikian 2006). Rice is the best substrate for pigment production in Monascus under solid state fementation at optimum fermentation time (7 days), and the production of yellow is better than red pig-ment. The extraction of pigments in solid state fermentation is ethanol as it is cheap, non-toxic, and volatile (Carvalho et al. 2007). Penicillium purpurogenum was reported to produce color both in solid and liquid media which is water soluble and have possible bencfits (Mendez et al. 2011). At the same time, P purpurogenum DUPA 1275 in submerged cultures produces natural colorant with an intension of safe altemative for the use of synthetic colorants (Santos-cbinuma et al. 2013a) 

inducing red pigment production, whereas direct illumination 
resulted in absence of pigment production, thus postulating the existence of photoreceptors responsive to dark and light by this fungus. It was also found that both red and blue light influenced pigment yicld as well as culture morphology (Babitha et al. 2008). Monascus red or yellow pigments that 
were efliciently produced by several strains were commen ial-ly important. M. purpuneus produced red pignment that was highly dependent on nutritional and environmental conditions (Musaalbakri et al. 2006). The optimum tenmperature for M. purpureus was found to be within 28-30 °C, as they can survive on a wide range of pH 4.5-8.5. Maximum reported biomass was observed at pH 4.5 (acidie pH), and around this 
range, yellow-orange pigments were dominant (Dikshit and Tallapragada 2011). In solid substrate fermmentation, Monascus LPB 31 cultivated over potato dextrose agar showed higher pigment concentration with lower citrinin concentration and these strains were found to be unstable at low pH and high temperature and, therefore, applied in processes with pH near neutrality and temperature inferior to 60 °C (Carvalho etal. 2005). Under submenged fementation, Penicillium sp. pro-duced extracellular pigment at optimum culture conditions of pH 9.0 and temperature 30 °C with relatively high produc tion yield and light stability (Gunasekaran and Poomiammal 

Intrinsie and extrinsic factors for the development and production of fungal pigments 

Fungal pigments are generally biosynthesized as secondary products during metabolism-such secondary metabolites 
are known as polyketides. The production of secondary me-tabolites is influenced by the development stage of the fungus and also by the intrinsic and extrinsic factors of the environ-ment such as substrate, composition, oxygen, pH, water activ-ity, temperature, and light availability (Sagaram et al. 2006). The production varies as much as their chemistry. The medi-um composition, aeration, agitation, and nutrient limitation in the excess of carbon source stimulate the production of sec-ondary metabolites. For example, Monascus pigments vary from orange-yellow to scarlet to purple-red. The color can be influenced by the culture conditions, in particular by the pH and by the phosphorous and nitrogen source in the sub-strate. But, little has becen known about the intfluence of light in 
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2008). Similarly, in solid state fermentation, P purpurogemm GH2 produced highest amount of pigment at temperalure 24 °C and pH 10 (Espinoza-Hernandez et al. 2013). Usually higher fungi require long periods for mycelial growth and pigment production in submerged culture, exposing them to contamination risk and, to avoid this, optimal temperalure (25 °C) is regarded as a favorable physiological property of P sinclairii. The pigment color secreted by this fungus was red and water soluble (Cho et al. 2002b). 
Through monospore isolation technique, M. purpureus FTC 5391 produced red pigment in different carbon sources 

Such as glucose, potato starch, and rice starch (Musaalbakri et al. 2006). Indecd, the effect of nitrogen source such as 

tryptophan or 6-furfuryl aminopurine in the fermentation 
broth produced extracellular pigment (Zhang et al. 2013). 
Hence, the maximum production of pigment and biomass 
concentration was favored by the effect of the nitrogen source 
(Meinicke et al. 2012; Buhler et al. 2013). M. purpureus ATCC 1603 produced red pigment in the presence of vitamin B2, gibberellic acid, and amino acids (glycine and L-leucine) in the liquid culture (Baneshi et al. 2014). The fungi Fusarium 
verticillioides isolated from soil was evaluated as a polential 
naphthoquinone pigment. The pigment formation was depen-
dent on the composition of the medium and the mycelial 
growth. Furthermore, pigment production was increased pro-
portionally to the concentration of carbon source, glucosce, and 

yeast extract as nitrogen source (Boonyapranai et al. 2008). 
Fusarium moniliforme KUMBF1201 could utilize different 
carbon and nitrogen sources, but peplone as carbon source 
and yeast extract as nitrogen source were found to be suitable 
for growth and pigment production (Pradeep et al. 2013). 
P. purpurogenum GH2 produced red pigment under sub-
merged culture in Czapek-Dox media with D-Xylose as a 
carbon source was optimal for pigment production and the 
pigment produced in new medium was extracellular while 
pigment produced in the original medium was cell-bound 
(Lin and Demain 1991). The characteristic growth rate of 
P sinclairii on sucrose as carbon source was higher than that 
in starch medium, but the production rate ofred pigments was 

favorable in the starch medium (Cho et al. 2002a). 

casily decolorized by oxidation making them scnsilive t0 
ight, heat, and oxygen. These leatures limit the robustness 
of these eolor additives during the processing, storage, and 

display of the foods to which they have been added (Mapai 
et al. 2005). Monascus was first discovered and used in Asia 

as a natural food colorant or as the Chinese mcdicine, although 
the first classification of Monascus strains was perlormed in 

other countries (Hamano and Kilikian 2006; Srianta et al. 
2014). The red pigment produced from M. pupureus showed 
antibacterial activity, and the extract of M. purpureus was 
found to be 81 % eflective as compared with antibiotic cipro-
loxacin (Kumar et al. 2012). Monascus strain AUMC 5705 
showed good production of butyric acid, pyran, and fatty acids 
which have anticancer activity and AUMC 4066 secondary 
metabolites which have many significant applications in food, 
phamaceutical, and other industrics (Moharam et al. 2012). 
The toxin issue, especially citrinin, has certainly limited the 

food use of Monascus because of safety concerns over its use 

directly in food or as an added pigment. Meanwhile, much 
rescarch in the past 20 ycars on Monascus pigments has fo-
cused on ways to minimizing citrinin production or develop-

ing strains that are incapable of co-producing citrinin (Wang 
et al. 2004; Pisareva et al. 2005; Xu et al. 2009). The genetic 
basis for polyketide pigment biosynthesis in fungi has not yet 
been examined in detail. However, the genes responsible for 

pigment production in Monascus pigment biosynthesis are 
still a controversy and only few related genes have becn re-

ported. MpigE, a gene involved in Monascus pigment biosyn-
thesis in Monascus ruber, was analyzed. Thc disruption, com-

plementation, and overexpression of MpigE gene had more 
effects on pigment production, whereas overexpression of 
MpigE gene made citrinin decrease drastically in the fermen-
tation medium (Liu et al. 2014). The bioactive metabolite 
sclerotiorin by P sclerotiorum produced in the presence of 
dextrose, peptone, and mineral salts with sodium chloride 
supplementation was used in phammaceutical industry (Lucas 
et al. 2010). P sclerotiorum isolated from Serrado Cipo 
National Park soil in large scale liquid culture led to the iso-
lation of pencolide, sclerotiorin, and isochromophilone 
(Fig. 21). The compound pencolide and sclerotiorin showed 
antibacterial activity against gram positive bacteria such as 

Streptococcus pyogenes, Staphylococcus aureus, Salmonella 
typhimurium, and gram negative bacteria such as Escherichia 
coli and against yeast Candida albicans. Isochromophilone 
showed antibacterial activity against S. aureus (Lucas et al. 
2007). 

Based on the clinical and preclinical investigations, 
Monascus metabolites are found to have a new therapeutic 
approach for cancer prevention and therapy. Due to these 
reasons, the development of novel anticancer Monascus 
food products and phamaceuticals has been found to de-
crease the incidence and mortality of human malignances 
(Yang et al. 2014). Penicillium sp. produces many 

Biological activities of fungal pigment and their 
application in food colorant 

The present trend in the society for natural ingredients has 
spurred resurgence in exploring novel means and sources for 
the biotechnological production of food colorants (Mapari 
ct al. 2005). In addition, the food industry is facing great 
challenges to produce naturaliy occurring antimicrobial and 

antioxidant products thal are regarded as healthy reducing 
the use of synthetic chemical preservatives (Vendruscolo 
ct al. 2013). The pigments used in food industry, for example, 
carotenoids and betanins, contain labile hydrogen which 
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Pigmented 
compound 

of fungi in textile dyeing 

sccondary metabolites with high bioactive compounds in 

phanacy to produce drugs used to trecat many 
discases, 

and thesce compounds are also used in agriculture (Tajick 

ct al 2014). Penicillium sp. HSDO7B co-cultured with 

Candida tropicalis produced red pigment was stable and 

apparently non-toxic which are potentially applicable for 

coloring (Hailei et al. 2011). The red colorant of the an-

thraquinone class is produced by a variety of Penicillium 

oxalicum with favorable characteristics such as water solu-

For successful 
commercal 

use of natural dyes. the suitable 

and 
standardized dyeing technique 

has to be adopted for dye 

ing textile 
materials (Samanta and Aganval 2009). Besides. 

natural pigments 
exhibit better 

biodegradability 
and higher 

compatibility with the 
environment 

as well. The production 

being independent of season. the large sScale industries pro-

duccd pigments under controlled 
fementation technolog1es 

(Nerurka ct al. 2013). The black pigment ofAsppergillus niger. 

aspergillin, involves high molecular weight melanins which 

comprise sites existing for saturation by pentacyclic qunoid 

derivative (Ray and Eakin 1975). A. niger isolated from soil 

sample produced pigment in potato dextrose broth. and the 

purified pigments were dyed on the fabrics such as cotton, 

silk, and silk cotton. The purified dyes were dyed on the 

fabrics, and the percentage absorption of dye onto the fabrics 

was measurcd using UV spectrophotometer and the compar-

ative study was done. The premordanted fabrics showed 

higher percentage of dye absorbance than unmordanted fab-

rics. Cotton fabric was found to be more effective and had 

bility, wide aray of colors, and do not require a stabil1z1ng 

agent to be added to foodstufls (Takahashi and Carvalho 

2010). P oxalicum var. Armeniaca CCM 8242 produced a 

chromophore of the anthraquinone type. Ar pink red 

(Fig. 2b) of anthraquinone derivative has anticancer eflect 

application in food and pharmaceuticals (Dufosse 2006). 

The natural food colorant hydroxyanthraquinoid 
manufactured by the Czech company has been produced 

using the soil fungal strain P oxalicum var. Ameniaca 

CCM 8242 by fermentation and bioprocess engineering 
(Dufosse et al. 2014). In the case of P oxalicum, a yellow 

toxie pigment, secalonic acid D produced by this species 

cannot be used directly in foods. Some important secondary 
metabolites are regulated by blue light which inhibits my-

cotoxins produccd by Aspergillus flavus and Aspergillus 

parasiticus (Haggblom and Unestam 1979). Aspergillus 

sp., screened from soil, has bioactive compounds especially 

the sccondary metabolites that are produced biotechnologi-

cally in agrochemical industry. The most active extract ob-

taincd from this organism was phytotoxic and has herbicid-
al activities. Aspergillhus sclertiorum DPUA 585 produced 
yellow pigment, neoaspergillic acid that showed antibacte-

rial activity against E. coli, Mycobacterium snmegmatis, and 

S. aureus and antifungal activity against C. albicans 

(Micetich and Macdonald 1965; Teixeria et al. 2012). 

Aspergillus versicolor pt 20 isolated from endophytic fun-

gus showed antibacterial activity (Miao et al. 2012). The 

pigment isolated from P purpurogemum produced orange-

yellow compound, purpurogenone (Fig. 2d), and orange 
compound, mitorubrinol (Fig. 2e) (Takahashi and Carvalho 

2010). Furthermore, Penicillium species isolated from 
Brazilian cerrado soil showed antimicrobial activity 
possessing significant activity against C. albicans (MI1C 
32 ug/ml). Listeria monocytogenes, and Bacillus cereus 

(MIC 64 ug/ml) respectively (Petit et al. 2009). The pro-

duction of pigment by Penicillinum sp. NIMO-02 indicated 
its importance in food and pharmaceutical industries (Dhale 
and Vijay Raj 2009). P purpurogenum produced higher 
extracellular pigments with antimicrobial activity in dark 
ness that have the possibility of phannaceutical production 
of drugs uscful to biotechnological approach in phamaceu-
tical and health care industries (Geweely 2011), and 
Trichoderma virens have antifungal properties that are 

eco-fnendly (Sharma et al. 2012). 

higher absorption than silk and silk cotton (Aishwarya 2014). 

A. niger NRC 95 produced brown pigment that was found at 

the end of the incubation period as it decreased during the 

third week of incubation. The dye produced showed good 

reflectance at 482 nm, as the pigments were used in dyeing 

wool (Atalla et al. 2011). Anthraquinone compounds 
(Fig. 2c) from Fusarium oxysporum are used as natural dyes 

and can be used to dyeing wool (Nagia and EL-Mohamedy 

2007). Moreover, the purified pigments from 

P purpurogenum is an alternative source for natural dyeing 

for cotton fabrics and has good scope to produce antibacterial 
activity (Velmurugan et al. 2009) and antibacterial finishes 

are used in textile for medical applications (Poormiammal 
et al. 2013). P oxalicum NRC M25 produced faint reddish 

brown pigment which is applicd in textile dyeing (Atalla et al. 
2011). The color pigment of Trichoderma sp. grown in aero-

bic fermentation broth was separated and identificd by re-
versed phase thin layer chromatography (RP-TILC), fourier 

transform infra red spectroscopy (FT-IR), and high perfor-
mance liquid chromatography (HPLC)-diode array detection 
It was established that the pigments were successfully sepa-
rated by RP-TLC and RP-HPLC whereas FT-IR and MS 
measurements were unable to identify the exact chemical 

structures of the main pigment fractions, the presence of 

OH, = CH, and C-0 (RP-TLC, FT-IR) and OH and NH 
substructures (RP-HPLC-MS) was confirmed (Kiss et al 

2000). Trichoderma can also benefit from studies of molecu 

d 

lar physiology and regulatory processes to expose novel and 
valuable metabolites and enzyme. These fungi are versatile 
model organism for research on both industrial fementation 
as well as natural phenomena (Schuster and Schmoll 2012) 
The pigment of T vrens applicd on textile was found to be 
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Abstract 
Background and Objective: With increase in multiple drug resistance pathogens, it is necessary to look for new drug study compounds 

of microbial origin. Thus study was aimed to identify the rhizosphere microflora of unexplored alfalfa plant for new antimicrobials. 

Materials and Methods: Based on screening done, the isolates were subjected to antibacterial activity against selected bacteria. The 

isolate was mass cultured and secondary metabolites were extracted using ethyl acetate. The crude extracts collected were subjected 

to FTIR and GC-MS analysis. Results: Based on functional diversity analysis, the isolate subjected to anti-bacterial activity revealed 

significant activity against Klebsiella and Staphylococcus aureus with zone of inhibition in the range of 17-18 mm. Based on GC-MS 

analysis reports, six compounds were identified and 11-Octadecanal responsible for bio-activity.FT-R results showed that N-H stretching 
functional group dominantly present in the extract. Molecular identification of the isolate by 165 rANA sequencing showed the isolate 
as Bacillus horikoshil. Conclusion: The study results showed that the isolate Bacillus horikoshi, Gram-positive spore forming bacteria 
had wide antibacterial activity due to 11-Octadecanal. Thus Alfalfa plant rhizosphere region harbors antibacterial potential microbes. 
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INTRODUCTION 

Alfalfa (Medicago sativa) means "father of all foods" 

belongs to Leguminosae family. It is a perennial herbaceous 

leguminous flowering plant known as Queen of Forage plant, 

lives upto 8 years. Due to its high protein content and fiber, 

they are cultivated worldwide and widely used as fodder for 

cows'. The crop is autorotated before reseeding due to its 

toxins having an allelopathic effect for other plants growth. 

The plant also has deep root system, thereby improving soil 

and water holding ability of plants. Alfalfa fixes high nitrogen 

than other plants due to its symbiotic association with 

microbes. 

Medicago sativa, a therapeutic value plant has been 

reported fora number of phytopharmacological activities such 

as neuroprotective, hypocholesterolemic, antioxidant, 

antiulcer, antimicrobial, hypolipidemic, estrogenic and in the 
Fig. 1:Alfalfa plant (Medicago sativa) 

treatment of atherosclerosis, heart disease, stroke, cancer, 

diabetes and menopausal symptoms in womens0 

The plant extract has been reported to possess bioactive 

compounds namely saponins, flavonoids, phytoestrogens, 
coumarins, alkaloids, amino acids, phytosterols, vitamins, 

opacity, elevation, margin and mobility. They were further 

identified using biochermical methods as stated in Bergey's 

manual for characterization which includes Indole, Methyl Red, 

VogesPrauskaeur, citrate, urease and TSI slants etc. 

digestive pnzymes and terpenes3 
Based on preliminary functional diversity studies carried 

(unpublished results) on the isolation of microbes from the 

Antibacterial activity: The antimicrobial activities of crude 

rhizosphere of alfalfa plant. Out of 32 isolates, this isolate was 

selected for its amylase, cellulase, protease and phosphate 

solubilization activities. Thus the study was aimed at isolating 

the functionally diverse organismfrom hizosphere soil region 

of Alfalfa plant (Medicag0 sativa) and identifying the bioactive 

compound responsible for antibacterial action. 

extracts of all isolated bacteria were tested against bacterial 

pathogens by agar well diffusion method. Muller-Hinton 

agar (MHA) plates were prepared and the wells were made 

with sterile cork borer on the agar plates. The overnight grown 

nutrient, broth cultures of all bacterial pathogens were 

uniformly swabbed on to the surface of MHA plates using 
sterile cotton swabs. Each 50 uL of cell free supernatants were 

aseptically incorporated into the well and the plates were 

incubatedin an upright position at 37°C for 24 h. After 

incubation, the plates were observed for zone of inhibition. MATERIALS AND METHODS 

Sample collection: Soil sample was collected from the 

rhizosphere region of Alfalfa plant fields during June 2016 

from Sulur, Coimbatore, Tamilnadu, India. Studies were carried 

out from June, 2016 to March, 2017 (Fig. 1). 

Production and extraction of the bioactive compounds: For 

obtaining the large biomas, the active strain were inoculated 
into 1 Lof nutrient agar medium and incubated in shaker at 
30°Cat 160rpm for 36 h. After incubation, the media corntents 
were centrifuged at 10,000 rpm for 10 min to obtain the cell 

Isolation and identification of micro-organism:One gram of 

the collected soil samples were used for serial dilution to 

isolate microbes by spread plate method. To the nutrient agar 

plates, 0.1 mL of serially diluted samples (10-1 to 10-) were 

plated, incubated at 37°C for 24-72 h. After incubation, 
bacterial isolates were checked for purity and preserved in complete removal of solvent and the extracts were 

glycerol stocks and as nutrient agar slants for further tests. 

free supernatant. 
The cell free supernatant extracted with organic 

solvent-ethylacetate and extraction caried out with 3 volume 
of solvent for 2 h by using rotary shaker supernatant fractions 

were flash evaporated at 45°C temperature to ensure 

evaporated to dryness. The resulting residues were dissolved 

in small amount of respective solvents and stored at -20°C These colonies were observed for Gram's nature and 

morphological characters such as size, shape, color, texture, until further purified. 
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Molecular identification and phylogenetic analysis of the 

bioactive compound 

stage at 95 °Cfor 2 min, followed by 35 cycles of denaturation 

at 94°C for 45 sec, annealing at 55°Cfor 60 sec, extension at 

72°C for 60 sec and a final extension step at 72°Cfor 10 min. 

Negative controls with no DNA template were included in all 
Genomic DNA isolation: DNA isolation from bacterial isolate 

performed according to the cold spring harbour lab protocol. 

Briefly, the isolates were grown in Nutrient Broth (Himedia, 
India) for 24 h days at 37"C, pelleted and washed in 1 ml 

Tris-EDTA (TE) buffer. The pellets were resuspended in 500 uL 

TE buffer containing 1 mg ml- lysozyme. After incubation at 

room temperature for 2 h, 75 uL of 10% Sodium Dodecyl 

Sulfate (SDS) and 125 uL of 5 M NaCi were added to this 

PCR experiments. 

16S rRNA gene sequencing: The Polymerase Chain Reaction 

(PCR) products were purified with a Montage PCR Clean up kit 

(Millipore) as per the manufacturer's instructions. The purified 

PCR products were then sequenced. Sequencing was 

performed by using Big Dye terminator cycle sequencing kit 
(Applied BioSystems, USA). Sequencing products were 

resolved on an Applied Biosystems model 3730XL automated 

DNA sequencing system (Xcelris Laboratories, India). 

mixture. The samples were centrifuged (10,000 rpm for 10 min 
at room temperature) and incubated in ice cold ethanol 

-70°C) for 3 min, later in a 65°C water bath for 3 min and on 

ice for 10 min. RNase (200 Hg ml- of sample) added to the 
Supernatant to remove RNA contamination and the mixture 

Phylogenetic analysis: The 16s rRNA sequence was blast 

using NCBI blast similarity search tool. The phylogeny analysis 
of query sequence with the closely related sequence of blast 

results performed followed by multiple sequence alignment. 
The program MUSCLE 3.7 used for multiple alignments of 
sequences. The resulting aligned sequences were cured using 

the program Gblocks 0.91b. This Gblocks eliminates poorly 

aligned positions and divergent regions (removes alignment 
noise). Finally, the program PhyML 3.0 aLRT Used for 

phylogeny analysis and HKY85 as Substitution model. 

incubated at 37°C for 15 min. 

Proteinase K (50 jug ml of sample) added to content 

and the mixture was incubated at 37°C for 30 min. An equal 

volume of phenol/chloroform/isoamyl alcohol (25:24:1) 
with upper aqueous phase recovered after centrifugation 

(10,000 rpm for 10 min at room temperature). To this an equal 
volume of chloroform/isoamyl alcohol (24:1) added and upper 
aqueous phase transferred to a new microfuge tubes after 

centrifugation (10,000 rpm for 5 min at room temperature). 
The DNA precipitated by mixing the aqueous phase with 

50 uL of 3 M sodium acetate, 300 uL of ice-cold isopropyl 
FTIR analysis: The purified bacterial extract was subjected to 

FTIR spectroscopic analysis (Perkin Elmer Lambda), equipped 

with KBr beam splitter with DTGS (Deuterated triglycine 

sulfate) detector. The technique work on the fact that bonds 
and groups of bonds vibrate at characteristic frequencies. A 
molecule that is exposed to infrared rays absorbs infrared 

energy at frequencies, which are characteristic to that 

alcohol and incubated at -20°C for 20 min. The DNA 

pelleted and washed twice with 70% ethanol. The pellet 
blot dried and resuspended in 40 ul of TE buffer and stored 
at -20°C. 

Amplification of 16S rRNA gene: 16S rRNA genes were 

amplified from the extracted genomic DNA using the 8 F 
and 1541 R universal eubacterial primers designed to 

target the conserved regions in the genomic DNA of the 

isolates and amplify approximately 1.4 kb length gene. The 

forward primer 5 -AGAGTTTGATCCTGGCTCAG-3' and reverse 

primer 5-AAGGAGGTGATCCAGCCGCA-3 were used for 

amplification. 

molecule. 

GC-MS analysis: The Thermo MS DSQ ll used for the analysis 
packed DB 35-MS capillary standard non-polar column and the 

components were separated using Helium as carrier gas ata 

flow of 1 mlL min-l, The injector temperature set at 260°C 

during the chromatographic run. The volume of sample 
injected 1 HL at an oven temperature of 70°C (6 min). 

Interpretations on mass spectrums of GC-MS were done 

Using the database of National Institute Standard and 

Technology (NIST) having more than 62,000 patterns. The 
mass spectra of the unknown components will be compared 

with the spectrum of the known components stored in the 

NIST library. The name, molecular weight and structure of the 

The PCR mix contained 5 ul of 25XPCR buffer, 4 uL of 
25 mM MgCl, 5 ul of 5 uM 518 Forward Primer and 5 ul of 

5 uM 800 Revers Primer, 5 uL of 1 mM dNTP's, 0.5 ul of Taq 

DNA polymerase (Thermo Scientific, India) and 2 ul of 

genomic DNA. 

The reaction volume adjusted and made up to a final 

volume of S0 ul with sterile double-distilled water and 

amplified in an automated thermal cycler (Vapo protect Pro S, 

Eppendorf). The PCR conditions were an initial denaturation components of the test materials will be ascertained. 
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RESULTS AND DISCUSSION Molecular characterization ofthe isolates:The genomic DNA 
of the isolate isolated and subjected to 165 rRNA gene 
amplification for the species identification. PCR productof the 
length 1,400 bp purified and sequenced in Yaazhxenomics lab, 
Coimbatore. The 16S rRNA sequences of the isolate subjected 
to BLAST analysis using mega blast tool of GenBank 

(http://www.ncbi.nlm.n ih.gov/). Among different species 
Comprisingof closet neighbouring strains in NCBI-BLAST 
analysis used in the phylogenetic analysis. The phylogenetic 
trees were constructed based on the neighbour joining 
method and percentage differences in the genetic 

relationships between the neighbouring strains of the two 
samples were analyzed. 

Results revealed that the 165 rRNA partial gene sequence 
of the isolate showed 97% similarity with 6 horikoshi 

(Fig. 3, 4). The 165 rRNA gene sequence submitted to the 
Gene bank (NCBI, USA) and Genebank ID accession number 

Antibacterial activity: The rhizosphere region of soil carries 
a heterogeneous group of microbial population which can 

play a vital role in soil function. The antibacterial activity 

of the crude extract of the isolate studied against 7 clinical 
pathogens (P. aeruginosa, Klebsiella sp, S. aureus, 
Proteus vulgaricus, S. pneumonia, E. coli and B. cereus). 
The isolate showed significant zone of inhibition against 
Klebsiella sp. and S. aureus (18 and 17 mm) (Fig. 2). 

Similar reports by researchers showed that the microbes 
isolated form rhizosphere region possessed significant 
anti-microbial activity. Ramakrishnan etal4 reported the wide 
range of antibacterial activity of Streptomycetes sp.isolated 
from the rhizosphere soil of medicinal plants at Kolli hills of 

Tamil Nadu. Ryandini et al'5 isolated Streptomyces sp. from 
mangrove rhizosphere mud of rhizophora mucronata from 
east Segara Anakan mud and reported significant activity on 

multiple drug resistant bacteria. 
Also Rajalakshmi and Mahesh'6 reported antimicrobial 

activity of Aspergillus terrus isolated from rhizosphere 

region of medicinal plants in and around Kuttralam, 

Tirunelveli. Upon GC-MS analysis, ten compounds were 
identified and tetracontane was reported to be bioactive 

potential compound. 

MK226527 received. 

FTIR analysis: Figure 5 depicted the FTIR analysis of the 

B. horikoshii extract showing strong peaks at 3417, 1643.35, 
1097.5,1658.78,2926 and 715 cm, respectively. Major group 
was found to be N-H stretching at 3417 cm (Table 1). The 
FTIR results elucidated an array of functional groups at a 

frequency ranges indicating the presence offunctional groups 

Table 1: FTIR analysis of B. horikoshii extract 
Peak Corr. intensity Corr. area Functional group ype of vibration 

Stretch 
3417.86 70.60 346.46 N-H 
1643.35 5.86 59.91 C=C Stretch 
1097.5 30.93 30.24 C-0 Stretch 

1.89 13.97 4.61 -CH Bending 2802.57 13.67 11.38 0-H Stretch 
2877.79 11.97 2.29 0-H Stretch 

Fig. 2: Antibacterial activity of AL5 against Klebsiella and S. aureus 
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Table 2:GCMS analysis of compounds obtained from B. horikoshii extract 

RT Name of the compound Molecular formula AW Peak area (%) 

8.12 
10.40 4-Cyano-2H-1-benzothiopyran C1OH7NS /3.00 

Hexadecane CT6H34 226.00 4.89 
S. 49 

19.59 1-Octadecene C18H36 252.00 6.47 
23.03 9,9-Dimethyl-8,10-dioxapentacyclo|S.3.0.0(2,5).0(3,5).0(3,6)]decane C1OH1402 1663.75 
27.37 5-Octadecenal C18H340 226.00 3.73 

11-Octadecenal C18H340 266.00 11.55 0.19 

Color key for alignment scores 

<40 40-500 50-80 80-200 =200 
Query Quer ka R 

150 00 450 600 750 

Fig. 3: Multiple alignment scores of Bacillus horikoshii 

GC-MS analysis: Figure 6 depicted the GC-MS analysis of 

B. horikoshii extract revealing presence of 31 peaks and 

CPO20880.1 _Bacillhs _horikoshi 

Bacillhx_horikoshii 

MG905400.1_Bucillus _horikoshi 
KX989347.1_Bucillus _Sp. 

6compounds were characterized and identified by 
comparison of the mass spectra of the constituents with the 

NIST library (Table 2, 3). The retention times (RT) are 

represented in minutes. 

Stearyl alcohol, 11-octadecenal 

MF445214.I_Bacills sp. 
MGI98701.|_Bacillhus_horikushii 

Fig.4: Phylogenetic tree of B. horikoshi based on the 165 
TRNA gene sequencing 

highest 
intensity of 11.55% at retention time of 36.19 min. 

corresponding to aromatic alkenes, aliphatic amines, 

compounds with aromaticrings, alkynes, amides, alcohols and 
phenols. The presence of such functional groups could be 
attributed to the bioactive nature of the partial fraction of 
B. horikosthii cell free supernatant. 

11-Octadecenal has been reported to be present in 
essential oils from Launaea resedifolia L, possess 

antibacterial activity in rangel" of 11-37 mm. Similarly 
the presence of 9-octadecenal observed in marine red 

alga Laurencia brandenii showed various biological 
activities8 
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45 
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Fig. 5: FTIR spectrum of B. horikoshii extract 
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Fig.6: GCMS spectrum analysis of B. horikoshii extract 
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able 3: Activity of cormpounds identified in B. horikoshii extract 

Name of the compound 

4-Cyano-2H-1-benzothiopyran 

Activity 
RT 

Compound nature 
ivit 

Bicyclic benzene 
Antibacterial activity 

10.40 Antimalarial 

Anti-coagulant 

Emulsifier Fatty alcohol 
15.49 Hexadecane Not reported Alkane hydrocarbon 
19.59 1-Octadecene Not reported 

Alkane 
9,9-Dimethyl-8,10-dioxapentacyclo[5.3.0.0(2,5).0(3,5).0(3,6)]decane 

5-Octadecenal 

23.03 Lubricant Stearyl alcohol 

Stearyl alcohol 
27.37 lubricant 
36.19 11-Octadecenal 
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Abstract 
In this study, an ecofriendly. green method for synthesis of silver nanoparticles (AgNP) has been 

developed using Mallotus tetracoccus (MT) leaves as a reducing agent. The formation of AgNPs was 

standardised at pH 7 and 60 °C. UV-visible spectroscopy showed the high peak of absorption band at 

420 nm. By atomic force microscopic (AFM) and scanning clectron microscopie (SEM) observations, 
the size of the silver nanoparticles was lound to be in the range of 46 to 100 nm, with an average size 
of 73 nm. The energy dispersive N-ray spectroscopic (:DX ) prolile of silver nanoparticles showed 

typical optical absorption peak approximately at 3 keV. FTIR spcctroscopic study revealed that 
hydroxyl groups of phenols and carboxylic acids were involved in the formation of AgNPs. Through 

MTT assay. the cytotoxicity results showed that AgNPs were highly ellective om buman ductal breast 
carcinoma cell lines (747D) (76.8 to 84.9%6). Thus. the MI-synthesized NPs are said to possess 
signifñicant anticancer activity on cancer cells and very less toxicity on normal cells, which suggests its 

further applications in medicine. 

Keywords: Nanodrug; Mallotus tetracoccus; Grcen synthesis; Silver nanoparticles; Anticancer 

activity 

erpenoids, coumarins, benzopyrans and chalcones 
1, 2]. The reported bioactivities of the extracts or 

the individual chemical constituents isolated from 

Introduction 

Mallotus tetracoceus (Roxb.) Kurz. of family 

Euphorbiaceae, found in Western Ghats of India. 

The common names include Thavatta, Vatta, Vatta 

this genus include antipyretic 13], anti-inflammatory 
hepatoprotective |4], antioxidant and radical 
scavenging activities [S]. kumbil, Vetta kumbil (malayalam), Uppale mara 

(kannada) and "vatta kanni" in Tamil. Several species 

of the genus Mallotus are a rich source of biologically 

active compounds such as phloroglucinols, tannins,. 

G.P. CO 
The GC-MS analysis of Mallotus éwgcoccHs 

ethanolic leaf extract have revealed the présence gfBis 
(2-ethyl hexyl) phthalate (46.78 %), 3-1eby(2 
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oxypropyl) furan (13.31°%). 
E-S-methy|-9-tetradecen-

-ol acetate (6.63 %). Octadecanoic acid. 2-oxo (4.46 
at room temperature in dark. The resultant yellow1sh 

6) and Longiborneol (2.39%) [6}. The bark of M. 
tetracoccus have been reported for high antioxidant 
and antibacterial activity [7]. Also, the bark extract 
studied for GC-MS showed presences of thiocy anic 
acid, furlural and 4H- Pyran-4 one. 2. 3- Dihydro-3. 
S- dihydroxy-6- methyl compounds. The bark extract showed significant cytotoxicity and phytotoxicity on 
radish seeds [8). 

brown solution indicated the formation of siiver nanoparticles. 
The above mentioned procedure was repeated for optimization of temperature and pl1. The pl was studied in the range of 5, 6. 7. 8 and 9 by using 0.1 N HCI and 0.1 N NaOll respectively. The reaction temperature was studied at 30 °C to 70 C. 

Purification of silver nanoparticles 
Thus, the leaves of MT have been used for synthesis of silver nanoparticles. Since time immemorial, silve has been used for curing various diseases due to its antibacterial properties. Recently, silver is gaining a role in development of nanoparticles for cancer therapy, biosensors, dressings, devices, formulations etc. |9]. The objective of this study was to characterize and 

The broth containing nanoparticles was centrifuged at 15000 rpm for 15 min to obtain the pellet which was redispersed in sterile deionized water to get rid of any biological molecules. The process of centrifugation and redispersion in sterile deionized distilled water was repeated thrice to obtain better separation of entities from the metal nanoparticles. The purified pellet was then freeze dried using Lyophillizer (Micro Modulyo 230 freeze dryer, Thermo Electron Corporation, India). 

study the anticancer potential of silver nanoparticles synthesized from MT leaf extract. 

Materials and Methods 
UV-visible spectral analysis 

The colour change was observed in the silver nitrate 
solution incubated with aqueous plant extract. The bioreduction of Ag nanoparticles was monitored by periodic sampling of aliquots (0.2 mlL) of aqueous 

Plant material and preparation of the extract 

Fresh and intermediate leaves of Mallotus 
tetracoccus (Roxb.) Kurz was collected from Agasthiar Malai Biosphere Forest, Western Ghats, collected plant materials were identified and authenticated by the 
Director, Centre for Biodiversity and Forest Studies 
(CBFS). MKU, and voucher specimens were deposited in the herbarium of CBFS of university (No. AM-02). 
The dry leaves was cut into small pieces and powdered 
finely About 5 g of the leaf powder was boiled for 10 

component and measuring the absorbance and 
spectrum of the solution in UV spectrophotometer (Shimadzu, UV 2500, Japan), at a resolution of 1 nm 
between 300 and 600 nm. The nanoparticle solution 
was diluted 20 times with deionized water to avoid 
errors due to high optical density of the solution. 

min in 100 ml sterile double distilled water and further Atomic force microscopy filtered through Whatman No. I filter paper and used 
for the present study. A thin film of the sample was prepared on a cover 

slip by droping 0. I ml of the sample on the slide. 
and allowed to dry for 30 minutes. The slide was 

Synthesis of silver nanoparticles 

then scanned with AFM (APE Research-model no: Silver nitrate (AgNO,) procured from Sigma 
Aldrich (Bangalore, India) was used. For the synthesis 

A100SGs). The AFM characterization was carried 
out in ambient temperature in non contact mode using 
silicon nitrate tips with vary ing resonance frequencies. 
These tips have spring constants of approximately 0.15 
Nm-1 and are ccnical in st.ape with a cone angle of 20 
and an effective radius of curvature at the tip of 10 nm. 

of silver nanoparticles, AgNO, (2 mM) and aqueous 
plant extract ( 10 mg/ml) were mixed in diflerent ratios. 
Briefly.I ml of plant extract was mixed with 9 ml of 

AgNO, (1:9 ratio). The subsequent mixtures were 
prepared by increasing plant extract and decreasing 
AgNO, volunmes by I ml. until the final ratio of 9:Iwas 
attained. Furthermore, appropriate concentrations of 
AgNO, and plant extracts Vice veTsa froml to 9 ratio 

mixed in a series of reactions for optimization ot 

sy nthesis of silver nanoparticles. incubated overnight 

Fourier transform infra-red (FTIR) 
spectroscopy 

For FTlR measurements, bioreduced siiver NP driedi 
powder was analy zed using FTIR. The samples were 

htt nartN or 
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84 and diluted with cell 
culture 

medium to the desired 

dried, grounded with KBr pellets and analyzed in a 

SHIZAMAZU model no 8400S spectrum 
instrument. 

A disk of SOmg of KBr was prepared with a mixture of 

2% finely dried sample, and was then examined under 

IR-spectrometer. 
Infrared spectrum was recorded in the 

region of 500 to 4500 cm". 

concentrations 
(20, 50 and 100 mg). The compound 

with phosphate 
buffer saline (PBS) 

resuspended 
cells, 

afier attaining 90 % confiuency. 
Cells in media devoid 

of compound 
acted as the negative 

control and wells 

treated with Triton X-100 as the positive 
control for a 

period of 48 hrs. 5 mg of MTT (Sigma) was 
dissolved 

in I ml of PBS and filter 
sterilized. 10 ml of MTT 

with 
different 

concentration 

was 
added and incubaled 

Scanning electron microscopy (SEM) and 

energy dispersive X-ray analysis (EDX) 
solution was 

further diluted to I100 ml with 90 ml of 

serum and phenol red free medium. 100 ml of the 

solubilisation solution (10 % Triton X-100, 0.1 N HCI 
The lyophilized silver NPs were mounted on the 

copper stubs and the images were studied using 

scanning electron microscope (SEM). EDX analysis 

was done with (JEOL model-L6390) secondary 

electron detectors at an operating voltage of 30 kV. 

and isopropanol) was added to each well and incubated 

at room temperature for 

crystals. The absorbance of the solution was measured 

at a wavelength of 570 nm using a Beckmann Coulter 

Elisa plate reader (BioTek Power Wave XS). Triplicate 

samples were analyzed for each experiment. 

hr to dissolve the formazan 

Cytotoxic activity 

Cell culture 

Human ductal breast carcinoma cells (T47D) was Statistical analysis 

obtained from the National Centre for Cell Science 

(NCCS), Pune, and maintained in Roswell Park 

Memorial Institute (RPMI) medium containing 10% 

fetal bovine serum (FBS). For evaluation of the 

The values are presented as mean + SD (standard 

deviation) of triplicate measurements. 

cytotoxicity, cell was seeded on a 96 well plate with 

a density of Ix 104 cells/cm. Normal cells of L929 

(human fibroblast celI line) was maintained in MEM 

(minimum essential medium) containing 10% fetal 

bovine serum (FBS) provided by Promo Cell Germany. 

Results and Discussion 

Biosynthesis of silver nanoparticles 

In this study, the AgNPs were rapidly formed soon 

after the addition of clear silver nitrate solution to the 

aqueous extract of MT leaves, which was indicated 

by the light yellowish color turning to the dark brown 

color after 24 hrs (Fig. 1). The UV-Vis spectroscopy 

examined the size and shape of nanoparticles at 

the range of 300-600 nm. Among the various 

combinations (Fig. 2(a), 2(b)) used for optimization 

Assessment of cytotoxicity 

Cytotoxicity of NTR was evaluated by using 
the MTT [3-(4,5-dimethylthiazole-2-yl)-2,5-

diphenyltetrazolium] assay. This colorimetric test 

is based on the selective ability of viable cells to 

reduce the tetrazolium component of MTT into 

purple coloured formazan crystals. Stock solution 

of the samples were freshly prepared (1l mg/1 mL) 

of silver nanoparticle formation, the mixture of 

6:4 (S6) of silver nitrate and plant extract gave the 

optimized absorption spectrum at 420 nm, which is 

S5 S10 

P5 P6 P8 P9 P7 P10 

Fig. 1 The bottles containing silver nitrate solutions, plant extracts at diflerent concentrations denoted as (a) S1-S10 and (byP1-R30 respectively: (c) bolle containing purified. concentratcd silver nanoparticles. 
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Fig. 2 (a) UV-visible spectrum of a mixture of solutions of silver nitrate S1-S10, (b) plant extracts P1-P10; (e) optimized silver 

nanoparticles synthesized using Mallotus tetracoccus leaves. 

characteristic for surface plasmon resonance (SPR) of highly dispersed silver nanoparticles as indicated by 

silver nanoparticles (Fig. 2(c). Similar SPR of AgNPs their absorbance peaks at the nanometer scale, which 

synthesized by using seaweed Padina tetrastromatica 

showed an absorption peak at 424 nm (10). Here 

the biologically active molecules present in the leaf 

extract of MT have played a role in the reduction of 

silver nitrate to silver. The earlier investigations on the 

phytochemical constituents of Mallotus tetracoccus 

leaves revealed the presences of sugars, tannins, 
alkaloids, flavonoids, steroids, terpenoids and phenolie 

was confirmed by the UV-Vis spectrum readings (Fig 

3). Among the different temperatures checked, the 

optimal production was observed at 60 °C, where 

high temperature favoured the synthesis (Fig. 3). 
Similar green synthesis of AgNPs was reported at the 

temperature of 60 °C using leaf extracts of Tecomella 

undulata (11) 

Analysis of silver nanoparticles in AFM 
acids. 

The surface morphology of AgNPs synthesized 

using leaf extract of MT was studied by AFM. The 

obtained morphology revealed the fact that the 

synthesized silver nanoparticles were almost spherical 

in shape, which was confirmed by the absorbance 

spectrum (Fig. 4). The sizes of the silver nanoparticles 

as observed by AFM were found to be in the range 

of 46 to l100 nm, with an average size of 73 nm. 1he 

particles were polydispersed and aggjomered due 
to the binding of some stabilising and gapping ageta 

Optimization of physicochemical parameters 
for synthesis of silver nanoparticles 

The formation of silver nanoparticles was optimized 

using different parameters: pH and temperature. PH 

and temperature play a very significant role in the 

synthesis of silver nanoparticles by controlling their 

shapes and sizes. The reaction medium was checked 

at different pH values for the production of optimized 

silver nanoparticles. PH 7 was said to give small, 
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Fig. 4 AFM images obtained from the lyophilized sample of silver nanoparticles obtained from Afallotus tetracoccus. indicating 

the three dimensional images at the magnification of (a) 5 um and (b) 2 um: (c) roughness data of nanoparticles at 2 um: (d) two 

dimensional image of nanoparticles with SiIZes in the range of 46 to 100 nm. 

FTIR analysis gives an idea of the functional groups 
present in the MT extract. Figure 4 shows two and 

three dimensional views of the sample surface at the 

scan sizes of 2 um 2 um and 5 um5 um, depicting 

the agglomerated, polydispersed distribution of silver 

nanoparticles. 

involved in reduction of silver nitrate to nanosilver. 

The FTIR spectrum of the silver nanoparticle showed 

bands at 3425, 2922, 2854, 2368, 1593, 1018. 667 

and 609 cm'. Highly intense broad absorbance peak 
was observed at 3425 cm characteristic of the O-H 

stretching of phenolic compounds (Fig. 5). The bands 

at 2922, 2854 represents the C-H stretch (alkane H) 
Fourier transforms infrared spectroscopy 

(FTIR) 
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Fig. 5 FTIR spectrum for silver nanoparticles synthesized using Mallotus tetracccus leal exlrac 

O-H stretching in carboxylic acids and bands at 2368 
and 1593 corresponds to C=0 stretch in carboxylic 

images of the silver nano powder showed spherical 

morphology with agglomeration. The obtained size 
acid respectively. Also the absorbance peak at 1018 
cm corresponds to the stretch vibration of C-C and 
C-N stretching vibrations of amine. Thus the silver 

nanoparticles are formed due to the interactions with 

the active compounds (secondary metabolites) of MT 

extract such as sugars, tannins, alkaloids, flavonoids, 

steroids, terpenoids and phenolic acids with silver 

nitrate to form nanoparticles. Thus the hydroxyl 

groups of phenols and carboxylic acids are involved in 

formation ofAgNPs. 

distribution was similar to that found in AFM. The 

energy dispersive X-ray spectroscopy profile for 
silver nanoparticles showed strong silver signal along 
with signals for C and Mg, which may be due to 

the X-ray emission of the attached active molecules 

present on the surface of the silver nanoparticles (Fig. 

7). Thus, the EDX reveals strong signal (78.38%) in 

the silver region, confirming the formation of silver 

nanoparticles. Metallic silver nanocrystals generally 
show 1ypical optical absorption peak approximately at 

3 keV due to surface plasmon resonance | 12]. Various 

study reports on AgNp synthesized from plant extracts 

showed that several stabilizing agents act as capping 

SEM and EDX profiles 

SEM images were obtained from the lyophilised 

sample of silver nanoparticle synthesized from the leaf 

extract of MT (Fig. 6). Scanning clectron microscope [13, 14]. 
agents and make the particles stable for a long time 

17 29 E 17 25 EI 20KU X1e, 800 zOk X1ebe 18M 

(a) (b) 

Fig. 6 SEM images of silver nanoparticles synthesized using Mallotus tetrat occus leaf extract at (a) 10fmfand 6 u 

magniications. 
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Fig. 7 EDX images of silver nanoparticles synthesized using Afallotus tetracoccus keaf extract. 

concentrations of 20 to 100 4g. whereas it exhibited 

highest cytotoxicity (76.8 to 84.9 %) on tumour 

cells (Fig. 8). Thus, the fat ihat AgNPs show higher 
cytotoxicity of 80-95 o at concentrations of 20 to 100 

Hg represents its potential to effectively kill cancer 

cells. 

In vitro assessment of biosynthes ized AgNPs 

cytotoxicity 

Today, assays based on cell culture play an 

imporlant role in the screening of compounds for 

various anticancer studies. Thus, the results of 

cytotoxicity study on normal human fibroblast cells 

(1.929) and human ductal breast carcinoma cells (1471D) 
OLLEG Similar study results from earlier researcheso 

show that silver nanoparticles synthesized iplans 
can effectively kill cancer cells at lower condnttatioe 

are given as cytotoxicity percentage. NMIT showed 

very less toXicily Un normal cells (4.4 to 10.6 %) at 
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