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ABSTRACT

Plants are rich source of secondary metabolites, with this intention we focused on
the leaves of Curcumin longa L for the extraction of novel antimicrobial compound.
Compounds showing antimicrobial activity were extracted in various solvents, but
ethanol extract showed more potency. The compound extracted in ethanol was
separated on TLC and identified as Benzylidene p-methoxyaniline using GC/MS.
This compound has shown broad spectrum activity against P. aeruginosa, S. aureus,
B. subtilis, S. typhimurium and P. vulgaris. The important aspect is that inhibitory
activity was observed only at growing phase and not at stationary at very low
concentration. In the mechanism of action study cell wall and DNA of the tested
organism was not found to damage, but in-silico analysis gives insights on inhibition
of dihydrofolate reductase. Thus, Benzylidene p-methoxyanilineantifolate
antibacterial compound extracted from C. longa L could be a potential molecule for
the control of antibiotic resistance pathogens.

KEYWORDS
Benzylidene p-methoxyaniline, C. longa, Antibacterial, MIC, Molecular docking.

1. INTRODUCTION

Folic acid is essential for the synthesis of nitrogen base purines and pyrimidines and,
consequently, for the synthesis of DNA [1]. The mammals possess an active
transport system, utilizing membrane-associated folate transport proteins [2], in
plants and most micro-organisms folate must be synthesized de novo through the
folate biosynthetic pathway. The presence of this pathway in many pathogenic
micro-organisms and, crucially, its absence in mammals, that has made the folate
pathway attractive for antimicrobial drug target [3].
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Turmeric Curcuma longa L) is a rhizomatous herbaceous perennial plant of the
ginger family Zingiberaceae native in South India. It is distributed through tropical
and subtropical regions of the world being widely cultivated in Asian countries
mainly in India and China. In India it is popularly known as ‘Haldi’. It is also
cultivated in Malaysia, Indonesia and India due to its economic importance.
Jayaprakash et al., (2005) described the chemistry and biological activity of leaf,
stalk and rhizome ofurcuma longa L. Literature survey insights the use@flonga
in traditional medicines since long time [4-7]. Turmeric powder is known for
antimicrobial, anti-inflammatory, antiseptic properties and being used since ancient
times in the Indian system of medicine to treat variety of diseases [8].

Antibiotic resistance has emerged with faster rate, so there is considerable
interest to investigate the antimicrobials from different extracts against a range of
bacteria to develop safe and natural antimicrobial substances useful for infectious
control [9]. Cowanin 1999 reviewed that the plants are rich source of antimicrobial
compounds such as phenolics, quinones, flavonoids, tannins, coumarins, terpenoids,
alkaloids, lectins and polypep&d[10]. Hence, present work deals with extraction,
characterization of novel antimicrobial compound from the leavés binga L and
to study its antimicrobial properties against antibiotic resistant pathogens.

2. EXPERIMENTAL SECTION
2.1.Organic solvent extraction

The leaves of. longa L were collected from Mouje Sangaon region Dist. Kolhapur,
Maharashtra, India. Collected leaves were washed and kept into oven at 50 °C. After
complete removal of water, leaves were grinded and powder was kept in container
for further use. This powder was used for the extraction of antimicrobial compounds
in different organic solvents such as Acetone, Ethanol, Petroleum ether, Chloroform,
Ethyl acetate, Methanol and Distilled water. The 0.5gm of powder was added into
the 25ml organic solvent each and kept into freeze for 12 hrs. After 12 hrs the
extracts were centrifuged at 8000 rpm for 15 min. and supernatant was collected. The
collected supernatant was concentrated and tested for antibacterial activity.

2.2. Anti-bacterial study

The antibacterial activity of various organic solvent extracts such as chloroform,
methanol, petroleum ether, ethyl acetate, ethanol and aqueous extract was carried out
by agar cup method. The reference microorganisms suRhuasuginosa, S. aureus,

B. subtilis, S. typhimurium, P. vulgaris were used to test antibacterial activity in
present study. Each solvent extraattume of 25ul, 50ul, 100plwere added at in the

wells along with their respective solvent as control. Plates were kept for diffusion of
sample in refrigerator for 15 min and then incubated at 37°C for 24 hrs. After
incubation period plates were observed for zone of inhibition.
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2.3. Separation of compounds by TLC

Ethanol extract was loaded on TLC and solvent system used was Chloroform: Acetic
acid in 9:1 ratio. The chromatogram was developed by using iodine chamber and
after development of plate, compounds were separated and mixed with 5 ml of
ethanol and centrifuged at 5000 rpm for 15 min. Collected supernatant was allowed
to concentrate and each separated compound has then tested for antimicrobial
properties.

2.4.GC-MS analysis

The compound separated through TLC was identified by using QP-2010 gas
chromatography coupled with mass spectroscopy (Shimadzu). The ionization voltage
was 70ev. Gas chromatography was conducted by temperature programming made
with Rtx-5Ms column (60mx250umi.d.x 0.25um film thickness). Carrier gas was He

(1 mr'Y) and chromatographic conditions were as follows; initial oven temperature
was maintained at 80 °C for 5 min and subsequently programmed from 80 °C to 150
°C at a rate of 3 °C mihand 10 °C mint from120 to 280 °C where it was held for
another 10 min. Injector temperature: 250 °C; mass rangé5@0amu; solvent
delay: 4 min.; electron impact at 70ev. The compound was identified on retention
time and fragmentation patterns available on NIST spectral library.

2.5.Determination of MIC

The minimum inhibitory concentration (MIC) of Benzylidene-p-methoxy aniline for
different pathogenic organisms suchPasieruginosa, B. subtilis, S. typhimurium, S.

aureus andP. vulgaris was checked at different concentrations like0.2, 0.4, 0.6, 0.8
and 1 pg/ml. The 5 ml sterile nutrient broth adjusted with respective concentrations
and 0.1 ml suspension of test organisms were addédcéll8). Control sets of all

tests organisms were maintained without addition of compound and then all tubes
were incubated at 37 °C for 24 hrs. After incubation the optical density was measured
at 530nm and minimum concentration inhibiting the growth of organism noted as
MIC.

2.6.Mechanism of inhibition
2.6.1. Cell lysis study

The purified compound was used to study its mechanism of action on the pathogenic
organisms. The. aureus was used as model organism inoculated in nutrient broth
and incubated at 37 °C for 24 hrs. After incubation period the cells were separated by
centrifugation at 8000 rpm for 15 min. and washed with saline water. Then the
collected cells were suspended in 50 ml saline water containing Benzylidene-p-
methoxyaniline at 20 pg/ml concentration and flask was incubated at 37 °C. After
1hr incubation 2ml aliquot was taken and centrifuged at 8000rpm for 15 min. The
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obtained supernatant was subjected to the determination of protein content by
Bradford assay [11]. The aliquots were collected continuously for 12 hrs to
determine protein content. The same flask run without additidBeazylidene-p-
methoxyaniline was kept as control.

2.6.2. In-vitro DNA damage study

To study the DNA damage ability of Benzylidene-p-methoxyaniline, DNA was
isolated fromS. aureus as per method described by Shahriar et al. (2011) [12]. In
test,10ul of freshly isolated DNA was added with 5ul (40pg/ml) purified
Benzylidene-p-methoxyaniline and incubated at 37 °C for 60 min. The positive
control runs with hydrogen peroxide 4Bb) and negative control as DNA. The DNA
damaged have been analysed by agarose gel electrophoresis (0.8%) and bands were
visualized by ethidium bromide.

2.6.3. Molecular docking studies

The use of computational approaches to understand molecular interactions between
enzyme and ligand have been found useful in many studies [13-20]. In this respect
we have done molecular docking studies to find out interactions between
dihydrofolate reductase (2w9t.pdb) [21] and Benzylidene p-methoxyaniline using
Autodock [22]. The SPARTAN ver 6.0.1 Software [23] was used to build the three-
dimensional model of Benzylidene p-methoxyaniline and minimized by Hartree Fock
(HF) method using SPARTAN [24]. Then finally the minimized structure of
Benzylidene p-methoxyaniline was used in a docking experiment with dihydrofolate
reductase (2w9t.pdb) [15]. Then structural analysis of docked complex of
dihydrofolate reductase (2w9t.pdb) with Benzylidene p-methoxyaniline was carried
out using CHIMERA [25]. The CHIMERA software was used to study the
interactions of dihydrofolate reductase active site residues with Benzylidene p-
methoxy aniline.

2.6.4. Statistical analysis

Results obtained were the mean of three determinants and ANOVA was carried on
all data at p<0.05 using GraphPad Software.

3. RESULTS and DISCUSSION
3.1. Antibacterial activity of crude extract

Turmeric has been known traditionally as a source of pharmaceutically active
ingredient. Extracts prepared in various solvents such as methanol, chloroform,
acetone, ethyl acetate, petroleum ether, ethanol and distilled water were differ in its
antibacterial activity against different microorganisms as showralte-1. Among

all extracts, ethanol extract showed promising antimicrobial activity against all tested
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microorganisms and it was chosen for further study. The maximum antimicrobial
activity was observed againBt vulgaris andS. aureus at 100pul volume. Methanol
extract showed activity towards Gram negative pathogens suRhaasuginosa, S.
typhimurium and P. vulgaris, whereas Ethyl Acetate extract showed activity only
against Gram positive pathogens liBResubtilis andS. aureus. Chloroform extract
showed activity againg®. subtilis. The aqueous extract moderately active against
aeruginosa, S. typhimurium, B. subtilis and S. aureus Similar to that of acetone
extract. Earlier reports on crude leaf extracCoflonga suggested the presence of

rich secondary metabolites such as alkaloids, terpenoids, phenolics and flavonoids
[26-29].

Zone of inhibition in mm
Test Extrac | Aceton | Ethano | Petroleu | Chlorofor | Ethyl | Methan D/
organisms t e | m ether m acetat ol w
Vol e
2
P.
aeruginosa 50 . / - - . _ '
100 8 10 - - - 9 8
25 - - - - - - -
B. subtilis 50 - - - 7 - - -
100 7 9 I 10 9 - 9
S. 25 - 6 - - - - -
typhimuriu 50 - 8 - - - - 7
m 100 10 10 I - - 8 10
25 - 8 - - - -
S. aureus 50 - 10 - - - -
100 8 12 9 - 8 - 6
25 - - - - - - -
P. wlgaris 50 - 8 - - -- - -
100 - 11 - - 10 -

Table-1. Antimicrobial activity of various organic solvent extract.

3.2. Purification of antimicrobial compound

The compounds were separated from ethanol extract by using thin layer
chromatographyFigure-1 showed the separation of various compounds on TLC.
These compounds were further tested for antimicrobial activity. The separated
compound showed broad spectrum antimicrobial activity again®.theruginosa,

S. aureus, B. subtilis, S. typhimurium andP. vulgaris (Table-2).
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It indicates that the purified compound is more active agdingiureus as
compared to other pathogens. This data revealed that the efficiency of compound has
been increased after separation through thin layer chromatography. The identification
of purified antimicrobial compound was carried out by GC-MS analysis. The
chromatogram showed presence of single peak at the retention time of 24.58
(Figure-2a). The NIST mass spectra library confirmed the molecule 356 mass peak
(Figure-2b) with molecular weight 211 i.e. Benzylidene-p-methoxyanikingre-

20). Before this, Awasthi and Dixit reported different types of biologically active
molecules from the&. longa leaves oil [30] whereas Benzylidene-p-methoxyaniline
reported first time in present study. Yunnikova et al., 2015 [31] has reported the
Benzylidene-4-methoxyaniline as an intermediate product during the synthesis of 4-
(7-cyclohepta-1,3,5-trienyl)-N1-cyclohepta-2,4,6-trienyl) aniline having
antimicrobial activity. Recently, insect antifeedant activity of Benzylidene-p-
methoxyaniline derivatives has been reported [32].

—

Figure-1. TLC analysis of ethanol extract. Compounds from ethanol extract

were separated on TLC by using Chloroform: Acetic acid (9:1) solvent system
and separated compounds were detected by using iodine chamber.

Table-2. Antimicrobial activity of crude and purified compound.

Zone of inhibition in mm
Test organisms Crude Purified
P. aeruginosa 09.66 + 0.333 15.00 £ 0.577
S. aureus 11.33+0.881 17.66 + 0.666
B. subtilis 08.33 £ 0.333 13.66 + 0.333
S. typhimurium 10.00 £ 0.577 16.00 £ 0.577
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P. vulgaris 10.66 + 0.666 15.00 £ 0.577

R b e M L b G |
1] I {1 15 I 2 W A0 8 o4 40 A0 A¥ M &N

Figure-2. GCMS analysis of separated compound. a) Gas chromatogram of
purified compound b) Mass spectra of Benzylidene-p-methoxyaniline c)
structure of Benzylidene-p-methoxyaniline.

3.3.Determination of MIC

The purified compound was subjected to determination of MIC against different
pathogenic organisms. For this purpose, the concentrations were used between 0.2
1.0pg/ml. Figure-3 shows MIC forS. aureus and S. typhimurium 0.4pg/ml, P.
aeruginosa and P. vulgaris 0.6pug/ml, whereas foB. subtilis was1.0 ug/ml. These
results revealed that the compound is more effective agéinstreus and S.
typhimurium at very low concentration, compared to other pathogens. It was found
that the inhibitory concentration of molecule changes with susceptible pathogens.
This suggests the broad-spectrum activity of compound, irrespective of inhibitory
against specific group of bacteria. Earlier Bowkar et al., (2009) [33] reported three
antifolate compounds having MIC in the range of 0.015- 0.25 against MRSA,
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whereas Navarro-Martinez et al., (2005) [34] showed strong antibiotic activity
againstStenotrophomonas maltophiliahaving MIC range 4 to 256ug/ml.

0.6 1

—&— P.aeruginosa

0.5 —— B. subtilis

04 - —&— S, typhimurium
—X— S. aureus

0.3 1

—*— P.vulgaris

0.2 1

0.1

Optical density at 530nrmr

0 0.2 04 0.6 0.8 1

Concentration of compoungg@/ml)

Figure-3. MIC of purified Benzylidene-p-methoxyaniline against pathogens. The
different concentrations i.e., 0.2, 0.4, 0.6, 0.8 and 1 pug/ml of purified compound
were added in the medium containing with pathogens and after incubation the

optical density was measured at 530nm to determine MIC.

3.4.Mechanism of inhibition

The mechanism of action of compound was studied for its cell wall lysis action, by
allowing molecule to interact with the surface of organism. After interaction, to
detect cell wall lysis or cell membrane damage, the released cytoplasmic content was
determined. The protein content was not found to increase after the interaction with
compound, which indicates that the cell surface was not damaged by Benzylidene-p-
methoxyaniline. In in-vitro DNA damage assay, from fig-4 it was seen that the DNA
was found to be intact after interaction with compound, which reveals that
Benzylidene-p-methoxyaniline does not damages the DNA to kill bacteria.

Antibacterial compound extracted froi. longa leaves showed structural
similarity with Trimethoprim, so the compound was selected for antifolate
mechanism byn-silico method. So Dihydrofolate reductase (DHFR) was focused for
further analysis. Earlier Navarro-Martinez et al., (2005) [34] reported antifolate
activity of epigallocatechin gallate from tea, which is efficient inhibitor Sof
maltophilia DHFR. The MBC data revealed that the compound was efficiently
inhibitory to organism at the time of exponential growth phase. So, this molecule
could inhibit protein synthesis, DNA replication, mMRNA synthesis or metabolic
pathways at logarithmic phase.
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Figure-4. In-vitro DNA damage analysis of pathogenic DNA. C- control DNA,
P-H202 treated DNA, T- Benzylidene-p-methoxyaniline treated DNA. All these
samples were run on Agarose gel electrophoresis (0.8%) and located DNA
identified by using ethidium bromide undertr ansilluminator.

3.5.Analysis of docked complexes of dihydrofolate reductase from
Staphylococcus aureus with Benzylidene p-methoxyaniline

Molecular docking studies were carried out between dihydrofolate reductase
(2w9t.pdb [21] and energy minimized Benzylidene p-methoxyaniline structure using
Autodock [22]. The docked complex of dihydrofolate reductase and Benzylidene p-
methoxyanilinewas stabilized by hydrogen bonding interactions. These hydrogen
bonding interactions were further analyzed by using CHIMERA [25], which showed
that active site residues of dihydrofolate reductase such as ASP 27, PHE 92 and THR
111 having strong hydrogen bonding interactions with the Benzylidene p-
methoxyaniline Figure-5 and Table-3). Along with these, other residues of
dihydrofolate reductase like ALA 7, ILE 14, PRO 21, HIS 23, LEU 24, TYR 98, ILE
113 and PHE 117 also interact with the Benzylidene p-methoxyaniline support the
stability of docked complexHjgure-5 andTable-3). Benzylidene p-methoxyaniline
interacts with DHFR showing potent antifolate activity, which gives broad spectrum
antibacterial nature against various tested pathogens.
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Table-3. Hydrogen bonding interactions between dihydrofolate reeducates

(2w9t.pdb).
Sr. No. | Interaction between active site residues @ Distance in A

dihydrofolate reductase (2w9t.pdb) with

Benzylidene

p-methoxyaniline
1 PRO 21.B CB----- UNL 1.het H: 2.421
2 ASP 27.B OD%L----- UNL 1.het H: 2.454
3 LEU 24.B CD2 ------ UNL 1.het C: 2.626
4 HIS 23.B HD1 ------ UNL 1.het C: 2.673
5 UNL 1.het C ------ ALA 7.B CB: 2.640
6 UNL 1.het C ------ TYR 98.B HH: 2.414
7 ILE 14.B CG2 ------ UNL 1.het C: 2.866
8 UNL 1.het O ------ PHE 117.B CZ: 2.687
9 UNL 1.het O ------ ILE 113.B CD1.: 2.560
10 THR 111.B HG1 ------ UNL 1.het C: 2.449
11 PHE 92.B CEZ%----- UNL 1.het C: 2.543

Figure-5. Docked complex of dihydrofolate reductase (2w9t.pdb) (slate blue)
with Benzylidene p-methoxyaniline (magenta).

4. CONCLUSION

The present study concludes that leave€.dbnga L is a rich source of antifolate
antibacterial compound, Benzylidene-p-methoxyaniline. This compound has a broad-
spectrum antibacterial activity and easily purified by simple techniques such as
solvent extraction and TLC.In-Silico study reveals strong interaction of
Benzylidene-p-methoxyaniline with dihydrofolate reductase, which confirms
antifolate action. Thus, these results suggest that Benzylidene-p-methoxyaniline
could be a promising molecule to develop novel therapeutic agent to control
antibiotic resistant pathogens.
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ABSTRACT

The xylans are the most widespread hemicelluloses and are considered to be the
second most plentiful biopolymers in the plant kingdom. Xylan is hetero-
polysaccharide containing a backbone structure of f3-1, 4-linked D-xylose residues
and short side chains of sugars are cooperatively referred to as the 3-1, 4-D-xylans.
Xylans have been suggested to play avital role in the aggregation pattern of
cellulose, which affects the crystalline structure and changes the magnitude of
cellulose fibrils. The Endo-1, 4-B-xylanase is the most important xylan degrading
enzyme, that cleave the internal glycosidic linkages of the heteroxylan backbone.
Now a days xylanase is one of the most imperative enzyme in paper industries to
increase the brightness of paper and invaluable need in food processing industries
mainly for extraction and clarification of fruit juices and wines. The present study
evaluates the potentxylanase producing strain from Cellulomonas sp. Among them
Cellulomonas flavigena NCIM 2481 shows maximum enzyme activity (40.6 U) at 7™
day of incubation with specific activity 25.81 U/mg. While partial purified xylanase
showed specific activity of 34.87 fold. Optimized conditions of xylanase like pH, temp
and Km were studied for characterization of enzyme and are found to be 6.8, 50°C
and 2.78 mg/ml. respectively.

KEYWORDS
Cellulomonas flavigena, Xylan, Xylanase, Km, DEAE cellulose.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

1. INTRODUCTION

The plant cell wall is at a standstill of three major polymeric components, cellulose
(35-50%), hemicelluloses (20-30%) and lignin (20-30%) [1]. Hemicelluloses are
plenteous polysaccharides in nature next to cellulose. They occur in close association
with cellulose and lignin and furnish to the rigidity of plant cell walls in lignified
tissues. Hemicelluloses are composed of noncellulosic polysaccharides these are
glucans, mannans and xylans [2], among these xylan is the major constituent of
hemicelluloses. Up to 35% of the dry weight of higher plants is made up of xylan,
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which is composed of short side chains of O-acetyl, -L-arabinofuranosyl, and D-
glucuronyl or O-methyl-D-glucuronyl residues and a homopolymeric backbone chain
of 1,4-linked -D-xylopyranose units [3].

The cooperative action of multiple enzymes required for the complete
hydrolysis of xylan, enlistendp-1,4xylanase (EC 3.2.1.8), B-xylosidase (EC
3.2.1.37) and a series of enzymes that degrade side chain groups. Among these,
endof-1,4-xylanase is the key enzyme that having specificity to cleaves internal
glycosidic linkages to produce short chain xylooligo saccharides of various lengths
[4] and because small molecular weightcaneasily pass through the pores of
hemicellulose associated network and causes efficient hydrolysis of xylan [5].

Xylanase is significant enzyme due to theirbroad spectrumindustrial
applications. The most important application of xylanase is in prebleaching of kraft
pulp to moderate the treatment of chemicals and to increase the brightness of paper
[6]. Along with paper and pulp industry xylanase is also used as food additives in
wheat flour for improving quality of baked products by helping the redistribution of
water and leaving the dough softer and easier to knead [7]. In animal feeds, xylanase
increases the digestibility of feed with decrease in viscosity [8]. Xylanase have
substantial applications inextraction of juices, coffee flavors, spices, oils and
pigments as well as clarifications of juices and wines [9]. A mixture of xylanase and
specialized enzymes are required in bioconversion processes that catalyze maximum
hydrolysis of complex substrates to yield the monomeric residues for biofuel
fermentation [10].

Xylanase enzymes, which are generated by numerous genera and species of
bacteria, fungi, and actinomycetes, are abundant in microorganisms. High quantities
of extracellular xylanase are secreted by a number of Bacillus species.

The present study is to uncover the capacityCefiulomonas sp. for the
production of the study enzyme.

2. EXPERIMENTAL SECTION
2.1 Chemicals and media components

Birchwood xylan, xylose, 3,5 Dinitrosalicylicacid was purchased from Sigma
chemical co. DEAE Cellulose-52 and all other analytical grade chemicals purchased
from Himedia Co. and Local suppliers in India.

2.2 Organism maintenance and Growth Conditions

The culture ofellulomonasflavigenaNCIM2481 used for xylanase production was
obtained from National Collection of Industrial Microorganisms, NCL, Pune, (M.S.)
India. The strain was cultured and maintained on nutrient agar (NA).

2.3 Cultivation of Cellulomonas flavigena NCIM 2481
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The 250 ml Erlenmeyer flask containing 100 ml basal media ( in g/lit: NEANG3;
KH2PQy, 3.3; MgSQ.7H0, 0.423; CaCl2H0,0.42) with 1% xylan was used for

the production of enzyme. The culture was grown for 24 hrs in nutrient broth and
used as an inoculum. 1% inoculum was added in the 100ml production medium and
incubated at R.T. on rotary shaker at 120 rpm for 160 t0180 hrs [11]. The enzyme
was harvested by centrifugation at 8000 rpm for 15 mins and used as crude enzyme.

2.4 Enzymatic assay and Protein estimation:

The xylanase activity was assayed by using 1% birch wood xylan as substrate. The
reaction mixture containing 1 ml substrate, 1.5ml phosphate buffer of pH 6.8 and 0.5
ml enzyme was incubated at 40°c for 30 min. the amount of reducing sugar liberated
was estimated by 3,5Dinitro salicylic acid (DNSA) method [12]. Xylanase enzyme
activity was defined as the pg of xylose released per ml of enzyme per min under
specific assay conditions. Protein content of the enzymatic extract was estimated by
using lowery method with bovine serum albumin as a standard [13].

2.5 Partial purification of xylanase:

The purification of enzyme was carried out at 4°C, the fermented nutrient broth
containing xylanase was subjected to centrifuge at 10,000rpm in cooling centrifuge
at 4°C for 10 min to obtain cell free medium. Supernatant was collected and pellet

was discarded. And the supernatant is pooled for further purification steps.

2.5.1  Ammonium sulphate precipitation and dialysis

This procedure involved continuously stirring at 4 °C while adding 50, 60, 70, and 80
percent ammonium sulphate to 10 ml of each centrifuged broth until precipitation
occurred. To get a precipitated pellet, the precipitated material was centrifuged at
8000 rpm for 10 min at 4 °C. The enzyme activity and protein concentration were
assessed using the Lowery technique and DNSA, respectively, after the pellet had
been dissolved in 5 ml of 0.1 M phosphate buffer (pH 6.6). On a magnetic stirrer for

6 to 8 hours at 4 degrees Celsius, the material was dialyzed against 0.1 M phosphate
buffer. Every two hours, the buffer was modified. Then, as previously mentioned, the
enzyme activity and protein concentration were calculated.

2.5.2 lon Exchange Chromatography

For purification, a DEAE cellulose anion exchanger column was employed. 0.1 M

phosphate buffer had been used to pre-equilibrate the column. Elution fractions of 5
ml each were collected at a flow rate of 1 ml/min after the dialyzed sample was
placed onto the column and processed with 0.1M phosphate buffer at pH 6.6.
Continual salt gradients of 0.1M, 0.2M, 0.3M, 0.4M, and 0.5M NaCl were used to

elute the protein attached to the DEAE cellulose column. By measuring absorbance
at 280 nm using a UV-visible spectrophotometer, the protein content of the samples

Page 15



was found. The active fractions containing higher protein content were pooled fo
determination of enzyme activity by using DNSA method.

2.6 Optimization of enzyme

The enzyme was put through a variety of permutations and combinations of the assay
conditions, including a pH range from acidic to alkaline and temperature changes
from line to room temperature.

2.6.1 Effect of pH and temperature on enzyme activity

The optimum pH of purified xylanase was assayed with birch wood xylanas substrate
at different pH ranging from 6.0 - 7.8 with incremental level of 0.2pH., following
buffers were employed for optimization: 0.1M sodium acetate, pH 4.0-6.0;0.1M
potassium phosphate, pH 6.0-7.0, and 0.1M Tris-HCI, pH 7.5-9. Enzyme assay was
conceded by DNSA method using these different buffers and incubating the tubes at
40°C for 30 minutes. The optimum temperature of enzyme was determined by
incubating the reaction mixture in 0.1 M phosphate buffer at various temperatures
ranging from20°C - 80°C for 30 minutes.

2.6.2 Determination of Km

The influence of birch wood xylan concentration ranging from 1 to 10 mg/ml on
xylanase activity was resolved under the optimum assay conditions (50°C, pH 6.8 for
30 min). According to Lineweaver-burk plot Km of enzyme was predicted by linear
regression from double reciprocal plot[14

3. RESULT AND DISCUSSION

3.1 Evaluation of potent xylanase producers amongCellulomonas sp and
optimization of media

All the four strains ofCellulomonas sp. were quantitatively screened for maximum
enzyme production containing 1% xylan under submerged fermentation conditions,
in which Cellulomonas flavigena NCIM 2481 showed significant increase in enzyme
activity (40.6 IU/ml).

3.2 Effect of time duration on enzyme activity

In order to determine the period required for maximum production of enzyme, basal
media containing 1% xylan was used. The period required for is shokigure-1.

The xylanase enzyme shows maximum enzyme activity (40.6 IU/mf} aay of
incubation in basal media containing 1% xylan. The enzyme activity was declined
after further incubation of broth. Similar results were reported for the production of
xylanase and cellulose froellulosimicrobium cellulans grown in pretreated and
extracted bagasse and minimal nutrient medium [15].
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Determination of maximum enzyme
activity by DNSA method

1 1 1 1 1 1 1 1 1 1 1 1

12345678 91011
No. of days

Enzyme activity pg/ml/min
= N w H (O}

o o o o o

| | | | ]

o

Figure-1. Effect of incubation time on enzyme activity.
3.3 Partial Purification of enzyme
3.3.1  Ammonium sulphate precipitation and dialysis

The crude enzyme was precipitated by addition of 50%, 60%, 70%, 80% ammonium
sulphate saturation at 4°C, out of this xylanase activity was maximum at 70%
ammonium sulphate fraction. The precipitated protein was dissolved in 0.1 M
phosphate buffer (pH 6.8) and dialyzed. After ammonium sulphate precipitation and
dialysis, the specific activity of enzyme increased 3.76 fold and 3.99 fold
respectively.

3.3.2 lon Exchange Chromatography

The elution profile of xylanase by using DEAE cellulose anion exchanger is shown
in Figure-2. xylanase activity of each ion exchange chromatography fraction was
determined as described previously, the enzyme activity and protein content was
maximum in fraction number 8 and specific activity of that fraction reached 900
IU/mg. After ion exchange chromatography specific activity of partially purified
enzyme increased 34.87 fold.
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Purification profile of xylanase by ion exchange
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Figure-2. Purification profile of xylanase by ion exchange chromatography.
3.4 Optimization of enzyme
3.4.1  Effect of pH on enzyme activity

The purified enzyme activity was quantified in the pH range between 6.0 to 7.8. The
enzyme activity was maximum at pH 6.8., below and above this pH enzyme activity
was significantly lower Kigure-3).The graph shows that the xylanase production
from Cellulomonas flavigena NCIM 2481 was highly depend on pH. After pH 7.0
xylanase activity was decreased, this might be due to the inhibitory effect of alkaline
conditions on enzyme activity.
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Figure-3. Effect of pH on enzyme activity.
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3.4.2  Effect of temperature on enzyme activity

The xylanaseactivity was examined within the temperature range 20°C to 80°C,
activity profile at different temperature is as showifrigure-4. The enzyme activity
increased up to temperature 50°C and then declined progressively hence optimum
temperature of xylanase wé8°C. Above and below that temperature activity was
decline considerably.

Temperature optimization of xylanase
50 -

ll'l"l
T T T T T T T T
1 2 3 4 5 6 7

Temperature inC

Enzyme activity
pa/mi/min

= N w S

o o o o

o

Figure-4. Effect of temperature on enzyme activity.
3.5 Km of xylanase

The kinetic parameter, Km of the enzyme was estimated by Lineweaver-burk plot of
xylanase activity at 50°C using various concentrations of xylan as substrate. The Km
value of xylanase isolated fro@llulomonas flavigena NCIM2481 was 2.78mg/ml
hence enzyme has high affinity for the substrate. The range of km values of
xylanases isolated from different sources was shown between 0.5 and 19.6 mg/ml
[16]. The km estimated in this study was close to the km of xylanase isolated.from
ficuum AF 98 (3.267 mg/ml) [17].
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Figure-5. Effect of substrate concentration on enzyme activity.

Table-1. Purification steps of xylanase enzyme isolated fro@ellulomon as
flavigena NCIM 2481.

Purification steps Activity Protein conten|  Specific
pg/mi/min In mg activity
Crude 40.6 1.473 25.81
Ammonium sulphate ppt. 16.83 0.173 97.28
Dialysis 17.83 0.173 103.06
lon Exchange Chromatography 20.7 0.023 900

4. DISCUSSION

The xylanase producin@ellulomonas flavigena NCIM 2481 has given maximum
activity of 40.6 U in " day of incubation on basal media at room temperature. This
may suggest that the selected stré&eliulomonas flavigena NCIM 24810f the
Cellulomonas sp. could serves as a significant practical explanation for the questions
arising for maximal xylanase production and their various industrial applications.
The optimum pH of xylanase was 6.8 and optimum temp was 50°C which indicates

the stain may be utilized for the enzyme production in even certain higher ranges of
temperatures. After partial purification of xylanase up to ion exchange
chromatography, the specific activity of enzyme increased 34.87 fold. The Km of
xylanase was 2.78 mg xylan/ml, indicating high affinity of enzyme for the substrate.
This detailed study will be more beneficial for the industrial production as well as
enzymological studies.

Page 20



REFERENCES

1.

2.

oo

10.
11.
12.
13.
14.

15.
16.

17.

Subramaniyan, S., and Prema, P. (2002) Critical Reviews in Biotechnology, 22,
33-46.

Eduardo da Silva, A., Marcelino, H. R., Gomes, M. C. S., Oliveira, E. E.,
Nagashima, T., Egito, E. S. (2012) Intech Europe, 45, 61-84.

Mittal, A., Nagar, S., Kaur, K. S. J., Gupta, V. K. (2012) International Journal

of

Research and Development in Pharmacy and Life Sciences, 1, 63-68.
Li, X., She, Y., Sun, B., Song, H., Zhu, Y., Lv, Y., Song, H.

(2010) Biochemical

Engineering Journgb2, 71-78.

Juturu, V., Wu, J. C. (2012) Biotechnology Advances, 30, 12257 .

Beg, Q., Kapoor, M., Mahajan, L., Hoondal, G. (2001) Applied Microbiology
and Biotechnology, 56, 32838.

Polizeli, M. L. T. M., Rizzatti, A. C. S., Monti, R., Terenzi, H. F., Jorge, J. A.,
Amorim, D. S. (2005) Applied Microbiology and Biotechnology, 67,-581.
Harris, A. D., Ramalingam, C. (2010) Journal of Experimental Sciences, 1, 01-
11.

Kumar, L., Nagar, S., Kumar, D.,Garg, N., Gupta, V. K. (2013) International
Journal of Cell Science and Biotechnology, 2, 1-10.

Wong, K. K., Tan, L. U., Saddler, J. N. (1988) Microbiological Reviews, 52,
305-317.

Riswan Ali, S. B. (2012) Asian Journal of Biochemical and Pharmaceutical
Research, 2, 154-174.

Martinez-Truijillo, A., Pérez-Avalos, O., Ponce-Noyola, T. (2003) Enzyme and
Microbial Technology, 32, 46406.

Lowry, O. H., Rosebrough, N. J., Farr, A. L., Randall, R. J. (1951) Journal of
Biological Chemistry, 193, 265.

Price, N. C. (1985) Biochemical Education, 13, 18.

Song, J. M., Wei, D. Z. (2010) Biomass Bioenergy, 34, 19384.

Ghanem, N. B., Yusef, H. H., Mahrouse, H. K. (2000) Bioresour

Technology,

73,113-121.
Lu, F., Lu, M., Lu, Z., Bie, X., Zhao, H., Wang, Y. (2008) Bioreseur
Technology, 99, 593%941.

Page 21



Potential applications of phyto-components against
Monosodium glutamate induced oxidative damage in

Saccharomyces cerevisiae cells
Harshad K. Bote?, Samidha S. Kakadé, Neha K. Kamble?, Anjali S. Kale?,

Sunita B. Kurane?, Pankaj K. Pawart*
@Department of Biochemistry, Shivaji University, Kolhagd6 004 (MS) India.
*Corresponding author: pkp.biochem@unishivaji.ac.in

ABSTRACT

The goal of the current study was to investigate the potential antioxidant properties
of the plant-derived secondary metabolites Chebulinic acid (CA) and Boeravinone B
(BB) in the presence of oxidative stress brought on by monosodium glutamate
(MSG), tartazine, and sunset yellow. Saccharomyces cerevisiae cells were treated
with different concentrations MSG, Tartazine and Sunset yellow (1.0 — 40 ug/mL)
and incubated up to 3 hrs to analyze Reactive Oxygen Species (ROS) production.
MSG showed highest ROS levels at 2 hrs incubation so it was selected for further
studies. In addition, the ability of ROS to be scavenged, the status of antioxidant
enzyme activities (SOD, GPx, and CAT), the content of protein carbonyls (PCO), and
the levels of lipid peroxides (LPO) were assessed following treatment with CA and
BB. S. cerevisiae cells exposed to the oxidative stress caused by MSG are
demonstrated to be extremely well protected by CA and BB. Additionally, compared
to cells solely exposed to MSG, cells treated with CA and BB showed reduced levels
of PCO and LPO content. It appears that the investigated phyto-compounds CA and
BB are powerful natural antioxidants that can be employed to combat oxidative
stress-related damage and severe diseases.

KEYWORDS
Oxidative stress, Monosodium glutamate, Antioxidants, Chebulinic acid,
Boeravinone.

1. INTRODUCTION

Food is a remarkably general source of toxicant exposure to human beings. Due to
the tremendous rise in the working class and urbanization, commercial food
consumption has a significant influence on the life-support system of the urban
people today. People often eat commercial meals because they save time and energy,
however these foods also often include a variety of food additives in them. More than
2500 chemical substances of various characteristics are used as food additives to
improve flavor, color, stability, nutritive value and texture of food products. Food
additives are the substances which are not generally been used as food. Sometimes
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addition of low value or impure food additives leads to adulteration in food. This
excessive consumption of adultered food have potential toxic effects on consumers
health [1].

Earlier reports demonstrated that extensive use of sunset yellow and tartrazine
causes arrest in G2/M growth phase, increased nuclear damage and increased
percentage of apoptosis in kidney cells of chick embryo [2]. One of the ingredients
that cuisine uses the most commonly is monosodium glutamate (MSG). Multiple
reports have exposed that excessive use of MSG has deleterious effects on
development of adults, adolescents, children and fetus [3]. An excess of reactive
oxygen species (ROS) are produced when Sunset yellow, tartrazine, and MSG are
administered, and this accelerates the apoptotic process, according to prior research
in animal models [4,5].

ROS are highly reactive metabolic products which effects on physiological
redox status and apoptotic processes in stressed cells. These ROS induce oxidative
stress, macromolecular toxicity, mitochondrial dysfunction and inflammation in
toxicant/adulterant exposed cells [6]. Multiple sclerosis, Parkinson's disease,
Alzheimer's disease, diabetic kidney disease, and development of fatty liver disease
are only a few examples of the metabolic illnesses that can occur from vigorous ROS
formation over time, failure in organelles, and basic biological processes [7].

Considering these hazardous effects, there is need to develop potential strategy
to conquer the ROS induced toxicities. Excessive generation of ROS could be
controlled by lowering the exposure to toxicants or by increasing the amount of
endo- and exo- genous anti-oxidants. As a result, the use of antioxidants can help to
maintain a biological process at its best by removing too many free radicals.
Previously researchers have used various plant extracts and secondary metabolites to
control/reduce the ROS induced toxicities. Various plant extracts showed potential
clinical and pharmacological activity to conquer ROS toxicities with less/no side
effects [8]. In addition to this, ayurvedic polyherbal formulations were also used
effectively to reduced diabetic complications any many other disorders in rats [9].
Recently, researchers have developed a great interest in the use plant secondary
metabolites, which are safe, natural, potent antioxidant molecules; act through
various mechanisms like ROS elimination, ions chelation, lipid peroxide elimination
and inhibition of protein carbonylation.

Earlier, our group demonstrated potential role of CA and BB against various
damages induced by industrial dye Malachite green [10]. Hence, the purpose of the
present study is to screen different food additives for their toxicities and use of plant
secondary metabolites Chebulinic acid and Boeravinone B to conquer the toxicities
induced by these additives on cellular model sysfeinharomyces cerevisiae.

2. EXPERIMENTAL SECTION
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2.1.Chemicals

Dextrose anhydrous (GRMOQ77), peptone type-Ill bacteriological (RM7709), yeast
extract powder (RM668), agar powder (GRM026), L-Ascorbic acid (CMS1014) and
Monosodium glutamate (TC561U) were acquired from Hi-Media Laboratory
Products (India). Sunset Yellow FCF (68775), Tartrazine (03322), Griess reagent
(G4410) an®’,7’-Dichlorofluorescein diacetate (D6883) were obtained from Sigma
Aldrich, India. Natural Remedies Pvt Ltd (India) provided the phyto-molecules,
Chebulinic acid and Boeravinone B. All other chemical substances and solvents used
for experimental work were of analytical grade and the highest purity available.

2.2. Culture growth conditions and experimental setup

The yeast straifi. cerevisiae (NCIM-3594) was purchased from the NCIM Research
Center, Pune (India). The cell culture was maintained on 3% agar slants containing
yeast extract (2%), peptone (2%), and dextrose (4%). Cells used for the current study
were continuously grown on minutely amended culture media consisting of dextrose
(2%), peptone (0.5%) and yeast extract (0.5%). For the entire study, five
experimental sets were designed as a) a control set with untfeateevisiae cells;

b) MSG set with MSG (20 pg/mL)-exposed cells; ¢c) MSG+ vit-C set with MSG-
exposed cells treated with 5 pg/mL vit-C; d) MSG+CA set with MSG-exposed cells
treated with 5 pg/mL CA; and ¢) MSG+BB set with MSG-exposed cells treated with

3 ng/mL BB. Cells used in the experimental setup were allowed to grow at 35 + 2 °C

in modified liquid media with continuous shaking at 2180 rpm.

2.3. Determination of endogenous ROS levels in presence of Tartrazine, Sunset
yellow and MSG

S. cerevisiae cells were treated with different concentration (1, 5, 10, 20 and 40
ug/mL) of Tartrazine, Sunset yellow and MSG for assessment of ROS generation by

these additives, cells from all the sample sets were collected at 4-time breaks (0, 1, 2
and 3 hr, respectively) by centrifugation at 3000 rpm for 2 min in 2 mL aliquots.
Collected cells were washed twice with 1 mL of 50mM phosphate buffer (pH 7.4)
and re-suspended in 2 ml same buffer. To this cell suspension, 1mM ethanolic stock
solution of 2',7'-Dichlorofluorescein diacetate fHCF-DA) was added to attain
10uM final concentration of the ) BCF-DA dye. After treatment of dye suspension
was incubated in dark at A8 for 20 mins. Then, cell suspension was centrifuged at
3000 rpm for 2 mins and clarified. The fluorescence of supernatant was measured
(excitation at 488nm and emission at 520nm for each sample) using
spectrofluorometer and expressed as relative fluorescence units/mL of protein
extract.

2.4. Alteration in endogenous ROS levels after treatment of CA and BB
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2’7’- Dichlorofluorescin diacetate BCF-DA) was used to ascertain subcellular
ROS levels. This dye has chemical characteristic feature due to which it enters
through cellular membrane and react with oxidants (ROS) present in the-CsllFH

get oxidized by ROS and shows fluorescence, which is quantified
spectrofluorometricallyS. cerevisiae cells were augmented with MSG (20 pg/mL)

and treated with CA and BB as mentioned in experimental setup. For assessment of
ROS generation by MSG and ROS scavenging potential of CA and BB, cells from all
the sample sets were collected after 2 hr of incubation by centrifugation. Collected
cells were treated and incubated withDI€F dye as mentioned above and the
fluorescence was measured (excitation at 488nm and emission at 520nm for each
sample) using spectrofluorometer [11].

2.5. Nitrite estimation by Griess method

For exogenous nitrite estimation, 2 mL media from all experimental sets was taken
and centrifuged at 8000 rpm for 5 mins. Supernatant was used as cell free media to
estimate exogenous nitrite content. 200 pL cell free media was mixed with 200 pL

Griess reagent and incubated for 20 mins in dark at ambient temperature.
Extracellular nitrite content was quantified spectrophotometrically at 430 nm and
nitrite formation due to MSG-induced stress was calculated using sodium nitrite as
standard [12].

2.6. Preparation of crude cell free extract

S. cerevisiae cells (2 mL) from each mentioned experiment sets were washed twice
with phosphate buffer (50 mM, pH 7.4) and then resuspended in 1 mL chilled
phosphate buffer (50 mM, pH 7.4). Cells were then homogenized using a
homogenizer and then sonicated with output at 60 amp, giving three strokes each of
45 s, followed by 2 mins cooling on ice. The homogenate obtained was centrifuged
(12000 rpm, 10 mins, 40 °C). The supernatant was used as crude cell free cytosolic
extract for further experiments. Total protein @antwas calculated by Bradford’s
estimation method [13].

2.7.Enzyme activity assays of SOD, GPx and CAT

MSG accumulation causes vigorous generation of superoxide radicals. The capacity
of crude cytosolic extract to prevent NADH from being oxidised by ROS produced
in chemical systems was evaluated in order to measure SOD activity.For this analysis
a reaction mixture comprising 10 mM EDTA, 2.5 mM MgCI2, 130 mM methionine,
150 mM NBT and 60 M riboflavin was added to 100 pL of crude enzyme extract that

had been prepared in 50 mM potassium phosphate buffer at a pH of 7.4. A 560 nm
wavelength was used to analyze the kinetics of the SOD enzyme [14].

The CAT enzyme activity was estimated by calculating Hydrogen peroxide
(H20.) utilization by crude cytosolic extract from each set. The reaction mixture
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contained 30% kD> in 100 mM potassium phosphate buffer (pH 7.Q) 800 uL of

the enzyme extract. The enzyme kinetic progress was assessed at 240 nm
wavelength. The CAT activity was expressed as nm@Hutilization/min/mL of

lysate [15].

The GPx assay is coupled assay with Glutathione reductase (GR). The GPx
activity was determined based on monitoring at 340 nm decrease in absorbance due
to the oxidation of secondary substrate NADPH by Glutathione reductase (GR). The
assay recording of NADPH oxidation measures th®-Hreduction by GPx to
alcohol. For this purpose, a reaction mixture containing assay buffer (50 mM Tris
HCI containing 0.5 mM EDTA), NADPH assay reagent (5 mM NADPH, 42 mM
reduced glutathione and 10 U/mL Glutathione reductase), and tert-butyl
hydroperoxide(luperox) with 50 uL of enzyme extract was used. The kinetics of the
activity was measured at a wavelength of 340 nm. The unit of the activity was
expressed as pmol NADPH oxidized per min per mL of lysate [16].

2.8. Estimation of total protein carbonyl content by the DNPH method

The assessment of total carbonyhtent was done as per Levine’s method. Briefly,

400 pL of the crude cytosolic extract from each set was combined with 400 L of 2,4-
dinitrophenylhydrazine (DNPH) at a concentration of 10 mM, and the mixture was
then let to sit at room temperature for 45 minutes. Then, proteins were precipitated
using 500 pL of chilled 20 percent (w/v) trichloroacetic acid (TCA), maintained on
ice for 10 minutes, and centrifuged at 12,000 g for 10 minutes at 4 °C. The protein
pellet was collected and subjected to two washes in a 750 puL acetone solution. After
that, the protein sample was resuspended in 400 pL of 6 M guanidine-HCI, and
samples' absorbance was read at a wavelength of 370 nm. In crude cytosolic extract,
the total protein carbonyl concentration was shown as nmol/mg of protein [17].

2.9. Anti-lipid peroxidation assay

The potential of CA and BB to stop the production of malondialdehyde (MDA) was
used to evaluate the arijpid peroxidation potential. For this 400 uL crude cytosolic

extract from each set was perfusedi® pL of 0.15 M ice-cold KCI. The reaction
mixture was then given 750 pL of a 0.4 percent TBA and 15 percent TCA solution

made in 0.25 M hydrochloric acid. The reaction mixture was promptly cooled after
being boiled in a boiling water bath for 15 minutes. The reaction mixture was
thenmixed with 500 uL of n-butanol and centrifuged at 8,000 g for five minutes. At

a wavelength of 532 nm, the absorbance of the supernatant's top layer was measured,
and the findings were reported as nmoles MDA/mg of proteij [18

2.10. Statistical analysis

Results for three experiments ¥n3) were represented as means standard deviation
(= SD) for each experiment that was done in triplicate. One-way ANOVA was used
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to express the statistical significance of the variance [19]. P valge0.B5 or 0.01
was used to determine significance.

3. RESULTS AND DISCUSSION

In S. cerevisiae cells under MSG stress, excessive ROS production can outpace the
capability of the cell's principal antioxidant defence system, which over time causes
oxidative damage to numerous cellular components and ultimately leads to the
emergence of various oxidative stress-related diseases. Therefore, external
supplementation of natural antioxidants could help to conquer free radical holocaust
and to hold an ideal biological system by scavenging excessive free radicals. Hence,
the target of this work was to investigate the efficacy of CA and BB treatments
against MSG-induced oxidative damage Sn cerevisiae cells. Here, we have
screened different food additives for their oxidative stress inducing potential and out
of which we have selected MSG as potential stress inducer. Then, we have assessed
ROS scavenging potential, anti-oxidant enzyme status, protein carbonyl content and
lipid peroxide concentrations in CA and BB treatederevisiae cells.

3.1. Alteration in endogenous ROS levels after treatment of CA and BB

The damage caused by MSG induced streSsdevevisiae have been linked with an
elevated ROS level, alteration in enzyme activity and collapsed mitochondrial
functioning. Intracellular ROS was estimated using fluorescent ROS indicator
H.DCFDA. First, ROS generation in Tartrazine, Sunset yellow and MSG was
investigated using different concentrations (1, 5, 10, 20 and 40 pg/mL) of these
additives at various time intervals (0, 1, 2 and 3 hr). Up to two hours after incubation,
all three additions increased the levels of ROS, with MSG exhibiting greater ROS
levels than Tartrazine and Sunset yelldwig(re-1). Then, we selected MSG (20
ug/mL) for further investigations and determined change in ROS generation after CA
and BB treatment at 2 hr incubation. We found that CA and BB treatments lowered
the ROS generation by 42.03 and 66.56 % respectively, as compared to MSG-
exposed cellsHigure-2a). Interestingly, reduction in ROS levels after CA and BB
treatment suggest their potential ROS scavenging ability in MSG-expfised
cerevisiae cells.

The damage caused by MSG induced stress darevisiae have been linked
with an elevated ROS level, alteration in enzyme activity and collapsed
mitochondrial functioning. Intracellular ROS was estimated using fluorescent ROS
indicator BDCFDA. First, ROS generation in Tartrazine, Sunset yellow and MSG
was investigated using different concentrations (1, 5, 10, 20 and 40 pg/mL) of these
additives at various time intervals (0, 1, 2 and 3 hr). Up to two hours after incubation,
all three additions increased the levels of ROS, with MSG exhibiting greater ROS
levels than Tartrazine and Sunset yelldvig(re-1). Then, we selected MSG (20
pug/mL) for further investigations and determined change in ROS generation after CA
and BB treatment at 2 hr incubation. We found that CA and BB treatments lowered
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the ROS generation by 42.03 and 66.56 % respectively, as compared to MSG-
exposed cellsHigure-2a). Interestingly, reduction in ROS levels after CA and BB
treatment suggest their potential ROS scavenging ability in MSG-expgsed
cerevisiae cells.
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Figure-1. Determination of endogenous ROS levels in presence of a) Tartrazine,
b) Sunset yellow and ¢) Monosodium glutamate (MSG). Experimental data is
presented as the mean £SD of the three corresponding experimental sets (n=3).
CV and p values of the treatment sets substantially differed from those of the
MG set (*p<0.03; CV<0.05).

3.2. Nitrite estimation by Griess method
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Figure-2. Biochemical assays for a) Estimation of endogenous ROS levels after
treatment of CA and BB b) Estimation of nitrite content by Griess method.
Experimental data is presented as the mean £SD of the three corresponding
experimental sets (n=3). CV and p values of the treatment sets substantially

differed from those of the MG set (*p=<0.03; CV<0.05).

Griess assay was carried out for relative quantification of the nitrite formation in all
the treatment sets. After a 20 min incubation in cell-free culture media, CA and BB
treatments showed lowered RNS generation by 55.67 and 89.69 % respectively, as
compared to MSG-exposed cellBiqure-2b). This observation suggests that the
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change in kinetics of RNS liberation is an important factor for the neutralization of
MSG induced cytotoxicity after CA and BB treatment.

3.3. Activity of antioxidant enzymes (SOD, GPx and CAT)

Eukaryotic cells possess evolutionarily conserved systems to regulate the
production of ROS and safeguard cells from their oxidative damage. One of which is
primary antioxidant defense system, consists of antioxidant enzymes CAT, SOD and
GPx. Hence, we have assessed enzyme activities of SOD, GPx and CAT in all

experiment setups.

We found that SOD activity in MSG-stressed cells got elevated up to 0.265
nmol/min/mL as compared to control cells (0.140 nmol/min/mL), which was then
lower by CA and BB treatments to 0.237 nmol/min/mL and 0.185 nmol/min/mL,
respectively [Figure-3a). Similarly, GPx activity in MSG-stressed cells got elevated
up to 0.360 pmol/min/mL as compared to control cells (0.025 pmol/min/mL), which
was then lower by CA and BB treatments to 0.190 and 0.105 pmol/min/mL,
respectively [igure-3b). Further, the CAT activity in MSG-stressed cells got
elevated up to 5.430 nmol/min/mL as compared to control cells (0.245
nmol/min/mL), which was then lower by CA and BB treatments to 1.350
nmol/min/mL and 0.740 nmol/min/mL, respectivelyidure-3c). Thus, decreased
activities of antioxidant defense enzymes (SOD, GPx and CAT) after CA and BB
treatments suggest the ROS scavenging potential of CA and BB molecules.
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Figure-3. Enzyme activity assays of a) SOD, b) GPx and c) CAT. Experimental

data is presented as the mean £SD of the three corresponding experimental sets

(n=3). CV and p values of the treatment sets substantially differed from those of
the MG set (*p<0.03; CV<0.05).

3.4. Protein carbonyl content

Protein carbonylation is one of macromolecular damage linked with oxidative stress.
Oxidative modifications of certain amino acids or breakage of peptides lead to
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formation of protein carbonyls, this is irreversible process and stated as one of the
major proteins damaging process. The DNPH method is used for measurement of
total protein carbonyl content related to oxidative damage [20].

Results demonstrated that the protein carbonyl content was higher by 1.95-fold
(0.718 nmol/mL of lysate) in MSG- exposed cells, as compared to the control set
(0.746 nmol/mL of lysate). CA and BB treatments reduced protein carbonyl content
to 1.42-fold (1.063 nmol/mL of lysate) and 1.41-fold (1.055 nmol/mL of lysate),
respectively. compared to MSG-exposed cellsgyre-4a. In our findings,
Comparing the MSG-exposed cells to the control sample, the protein carbonyl level
was noticeably greater. Treatment with CA and BB stabilises the protein against
oxidation and shows a considerable guarding capacity against oxidative damage.
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Figure-4. Biochemical assays for a) Estimation of total protein carbonyl content
by the DNPH method b) Estimation of TBA substances. Experimental data is
presented as the mean +SD of the three corresponding experimental sets (n=3).
CV and p values of the treatment sets substantially differed from those of the
MG set (*p<0.03; CV<0.05).

3.5. Anti-lipid peroxidation

MSG exposure leads to vigorous generation of ROS. These ROS get reacted with
polyunsaturated fatty acids (PUFA) to generate malondialdehyde (MDA). MDA can
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eventually serve to ascertain the concentration of lipid peroxides formed in cells [20].
In present investigation levels of TBA-MDA adducts were used to determine the
damage to lipids. Here, TBA-MDA adducts formed were considered 100% and 0%
in in MSG-exposed and control set, respectively. Assuming this, CA and BB
treatments showed decrease in MDA adduct levels by 53.33 and 57.75 %
respectively, as compared to MSG-exposed céligu¢e-4b). Decrease in TBA-
MDA levels shows inhibition in lipid peroxide formation and suggest the anti-lipid
peroxidation (ALPO) potential of CA and BB in MSG-exposed cells. MSG induced
oxidative stress is associated with damage to various micro-molecules,
macromolecules and organelles, which can be conquered by CA and BB molecules
[21].

4. CONCLUSION

In light of above experimental information, we can conclude that the ROS and
oxidative damage induced by MSG $n cerevisiae cells was exhibited in various
different forms like increased antioxidant enzymes activity, protein carbonylation,
MDA levels and impairment of cellular elements. Additionally, the natural
antioxidants CA and BB showed a guarding effect against oxidative stress and
related damages i cerevisiae cells. After administering CA and BB to the MSG-
stressed cells, the activity of antioxidant defence enzymes (SOD, GPX, and CAT)
was eventually restored to normal levels, and the therapy also decreased the levels of
protein carbonyls and MDA. In conclusion, more study on these phyto-components,
which have the potential to be very effective in defending organisms against the
significant illnesses and damages brought on by oxidative stress, might be done.
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ABSTRACT

Rhodococcus sp. NCIM 2891 was cultivated in minimal medium supplemented with
lignin sulfonic acid sodium salt 1gm L' concentration. It was observed that the
microorganism was capable to hydrolyze lignin sulfonic acid sodium salt within 15
days of incubation however the first step is desulfonation of lignin sulphonic acid.
The degradation of lignin sulfonic acid sodium salt was determined by the analytical
techniques like, UV-visible Spectrophotometer FTIR GC-MS. The enzyme profiles
were investigated during the course of degradation the studied enzymes are Lignin
peroxidase 8.4 U/mg of protein; polyphenol oxidase 31.42U/mg of protein, catechol
oxidase 32.5 U/mg of protein, tyrosinasel8.8U/mg of protein and catechol 1, 2-
dioxygenase 64U/mg of protein. The SDS-PAGE analysis revealed that the purified
enzymes has molecular weights as catechol 1, 2 dioxygenase about 30kD tyrosinase -
36kD, polyphenol oxidase - 50kD, and catechol oxidase -30kD respectively.

KEYWORDS
Rhodococcus, Sulfonates, Polyphenol oxidases, Degradation, Catechol, Lignin.

1. INTRODUCTION

Industrial effluents derived from wood pulping, chlorine-bleaching processes contain
a wide range of aromatic compounds that can include lignin, degraded products of
lignin, and modified products such as lignosulfonates are highly resistant to
biodegradation by most microorganisms [1,2]. Lignin is the second most abundant

plant cell wall biopolymer,comprising 15% of the Earth’s biomass [3] it is a

heterogeneous structure consisting of phenyl-propanoid units and the principal
source for aromatic compounds found [4,5] and consists of an apparently random
complex of phenolic and non-phenolic compounds [6]. Because of the bond types
and their heterogeneity, lignin and lignin related compounds like lignosulfonates

cannot be cleaved by hydrolytic enzymes as most other natural polymers [7].

Conventional methods for the treatment of these phenolic wastes have been
mostly physicochemid¢abut since they cause secondary pollution problems in the
environment, biological treatments are preferred for large-scale removal of this type
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of pollutants [8]. Conversion of lignosulfonates into low molecular substances is
probably an effective way to increase their utility. Lignins have been successfully
degraded into phenols, low molecular weight acids, and the degradation products can
be used as fuels, chemical products, or feedstock in the manufacture of polymeric
materials [9,10].

Furthermore, the breakdown products of these phenolic compounds may be
more harmful when these compounds are incompletely degraded by physical and
chemical methods or natural oxidation. Therefore, the optimum removal and
consumption of these substances from industrial and domestic water bodies is of
great importance in point of view of environmental protection [11].

The genuRhodococcus is comprised of genetically and physiologically diverse
bacteria, which have been isolated from various habitats like soil and seawater. Since
they are involved with a large number of enzymatic activities, unique cell wall
structure and suitable biotechnological propertiRBodococcus strains may be
utilized as industrial organisms, primarily for biotransformation and the
biodegradation of many organic compounds [12]. HoweverRia€ococcus NCIM
2891 and other strains aRhodococcus are used for the desulfurization and
desulfonation studies of the petrochemicals to obtain the sulfur free petroleum
sources.

In this context, the study deals with utilization of lignin sulfonic acid sodium
salt as a sole of carbon for tR&éodococcus NCIM 2891. It involved the study of
degradation and modification of lignin sulphonic acid,Rigpdococcus NCIM 2891
and study of enzyme like phenol oxidases and peroxidases, production during the
course of degradation.

2. EXPERIMENTAL SECTION
2.1. Microorganism

Rhodococcus NCIM 2891 was obtained from NCIM (National Collection of
Industrial Microorganisms), India. The culture was maintained on YEME (Glucose
Yeast extract Malt extract) agar having the following composition 1% glucose, 0.3 %
yeast extract, 0.3 % malt extract 0.5% peptone and 1.5 % bacteriological agar for
solidification.

2.2. Growth of bacteria on lignin sulfonic acid sodium salt

The lignin sulfonic acid sodium salt utilizinRodococcus NCIM 2891 was grown

by inoculating a 5 mL of 18 hrs old culture cells grown in YEME liquid medium and
used as an inoculum. This culture had a cell density of 38%ml0 was added
aseptically in flask containing medium (0.3% oN&s, 0.1% KHPQi, 0.05%
MgSQs, 0.05%KCL, 0.0001% FeSO 0.05%, yeast extract and 0.1% lignin
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sulphonic acid sodium salt and pH adjusted to 7.0) was incubated in shaking
condition (120 rpm) at 2& under aerobic condition. The experiment was carried out
in triplicates. The degradation of lignin sulfonic acid sodium salt was monitored
every 5 days, by processes as described below.

2.3. Analysis of degraded product
2.3.1. UV - visible analysis for lignin degradation

The cell free medium obtained after centrifugation of incubated medium at 6400 g.
This was analyzed for its absorption maximum against uninoculated medium as
control. Samples were dilutedfimes with the same sterile medium before analysis
and analysis were carried out spectrophotometrically using a Hitachi U-2800
spectrophotometer.

2.3.2. Fourier transform infrared spectroscopy (FTIR)

The cell free medium which was obtained after 10 and 15 days of incubation were
taken and dried in oven at 4@ the dry powder samples were analyzed by FTIR in
the mid IR region of 400-4000 chwith 16 scan speed. The pellets prepared using
spectroscopic pure KBr (5:95).

2.3.3. Gas chromatography-Mass spectroscopy (GC-MS)

The cell free medium and diethyl ether was mixed in 1:1 proportion and then the
ether layer was evaporated and redissolved in acetonitrile. This solution was then
analyzed by GC-MS, using a QP 5000 mass spectrophotometer (Shimadzu). The
ionization voltage was 70 eV. Gas chromatography was conducted in temperature
programming mode with a Resteck column (0.25 mm x 30 mm; XTI-5). The initial
column temperature was 4C for 4 min, then increased linearly at 4@ min? to

300°C and held at 29 min. The temperature of injection port was’@7adnd GC-

MS interface was maintained at 300. Helium was used as carrier gas with flow
rate 1 ml mintand 30 min run time.

2.4. Purification of enzymes

After 10 days of incubation, cells were harvested by centrifugation at 6400 x g, for
20 minutes. The harvested cells were washed twice with 30 ml of 50 mM sodium
phosphate buffer (pH 7.0) and resuspended in the same buffer and used for the

extraction of catechol 1, 2-dioxygenase. The remaining cell free medium was used
for the isolation and extraction of extracellular enzymes like, polyphenol oxidase,

catechol oxidase, tyrosinase and partial purification of lignin peroxides separately.

2.4.1. Purification of catechol 1, 2-dioxygenase

The harvested cells were homogenized by sonication with vibra model VC.130PB
sonicator at 50 amplitude for 5 mins and centrifuged for 30 mins at 8900 x g. The
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supernatant was then subjected for the ammonium sulphate precipitation at 80 %
saturation and the precipitate obtained was redissolved in 10 ml of 50 mM sodium
phosphate buffer (pH 7.0). In next step of purification, the enzyme extracts were
subjected to DEAE - Cellulose ion exchange column chromatography. The column
was eluted with 50 fractions of a step gradient of NaCl with concentration from 0 to
0.2 M in 50 mM sodium phosphate buffer (pH 7.0) at a flow rate of 0.5 mt.riime

protein concentrations of eluted fractions were analyzed by taking absorbance at 280
nm. The fractions with protein were tested for Catechol 1, 2-dioxygenase activities.
The fractions containing Catechol 1, 2-dioxygenase activities were used for
SDS/PAGE analysis.

2.4.2. Purification of Extracellular phenol oxidases

The enzymes, tyrosinase, polyphenol oxidase, catechol oxidase and lignin peroxidase
were purified from cell free medium. The cell free medium was taken and subjected
for ammonium sulphate precipitation at 80 % saturation. The precipitate obtained
was redissolved in 20 ml of 50 mM sodium phosphate buffer{pt0). This was

then further purified by DEAE - Cellulose ion exchange chromatography. The
protocol for lon Exchange Chromatography is similar to that of used for the
purification of catechol 1, 2-dioxygenase enzyme.

2.4.3. SDS/PAGE analysis of enzyme

The molecular weights of enzymes were determined by the SDS/PAGE [13]. The
analysis of molecular weight of purified enzyme were carried out by using protein
molecular weight markers that are phosphorylase b (97.4 kDa), Bovine Serum
albumin (66 kDa), ovalbumin (43kDa), carbonic anhydrase (29 kDa), trypsin

inhibitor (20.1 kDa), and lactabumin (14.3 kDa).

2.5. Enzyme assays
2.5.1. Catechol 1, 2 dioxygenase

Catechol 1, 2-dioxygenase activity was assayed spectrophotometrically [14] using a
Hitachi U-2000 spectrophotometer. The standard assay of enzyme activity was
performed by making an assay mixture containing 5 pl of Catechol 1, 2-dioxygenase,
20 ul of 10 mM Catechol as a substrate and final volume adjusted tol ml with 50mM
sodium phosphate buffer (pH 7.0). The enzyme activity was monitored by measuring
the formation of cisgis-muconic acid at A 265n (¢ = 168 mM). One unit of the
enzyme activity was defined as the amount of the enzyme required for the formation
of 1 pmol of ciscis-muconic acid per min at 25°C.

2.5.2. Catechol oxidase

The enzyme assay of catechol oxidase was carried out with spectrophotometrically
by using 5mM catechol as a substrate. The reaction mixture contains 2.80 ml buffer,
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0.10 ml 5 mM Catechol, 0.10 ml 2.2mM Ascorbic acid and 0.10 ml enzyme solution
against blank that contain same reaction mixture accept enzyme and ascorbic acid.
One unit activity will cause the change in A 26%f 0.001 per minute at pH 7and at
25°C in 3 ml reaction mixture containing catechol and ascorbic acid [15].

2.5.3. Lignin peroxides

Lignin peroxidase activity of the culture supernatant was assayed using 2, 4
dichlorophenol assay based on the reaction of lignin peroxidase oxidized 2, 4
diclorophenol with 4- aminoantipyrine to form a coloured antipyrylgquinonimine that
strongly absorbs at A 51h. The final concentration of the 1 mL agueous assay
mixture consists of 100 mM phosphate buffer pH 8, 5.0 mM 2, 4 dichlorophenal,
16.4 mM 4— aminoantypyrene, 4 mM 4@, and 100 pl culture supernatant. After
addition of BO» the absorbance change at 510 nm was monitored for 5 min at 25°C
and the activity was calculated by using molar absorptivity of 18,5001

2.5.4. Polyphenol oxidase

The enzyme assay of polyphenol oxidase was carried out with
spectrophotometrically by using 5mM L- DOPA as a substrate. The reaction mixture
contains 2.80 ml buffer, 0.10 ml 5 mM L- DOPA, 0.10 ml 2.1mM Ascorbic acid and
0.10 ml enzyme solution against blank that is same reaction mixture accept enzyme
and ascorbic acid. One unit activity will cause the change in Ax®650.001 per
minute at pH 7 and at 25°C in 3 ml reaction mixture containing catechol and ascorbic
acid [15].

2.5.5. Tyrosinase

The enzyme assay of tyrosinase was carried out with spectrophotometrically by using
1 mM L-Tyrosine solution as substrate. The reactions mixture contains 2.90 ml
(reaction cocktail containing tyrosine and deionized water and buffer) and 0.10 ml
enzyme solution against blank that is same reaction mixture accept enzyme. One unit

activity will cause the change in A 28Qof 0.001 per minute at pH 7 and at 25°C in
3 ml reaction mixture containing tyrosine [16].

2.6. Protein estimation

Protein estimation was done by the Lowry method using Bovine Serum Albumin as a
standard [17].

2.7. Statistical analysis

Results obtained were the mean of three or more determinants. analysis of the
variants was carried out on all data at P< 0.05 using Graph Pad software. (Graph Pad
Instat version 3.00, Graph Pad software, San Diego, CA, USA)

3. RESULTS AND DISCUSSION
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3.1. Growth of bacteria in lignin sulfonic acid sodium salt containing medium

Lignin structures complexity enables it to use as substrate to study mechanism of its
degradation. These problems overcome by using common strategies includes use of
lignin model compounds like in the degradation of Kraft indulin lignin [18]
acetovanillone; vanillyl alcohol; guaiacol [19], and humic acid model compounds
[20]. It was observed that tihodococcus NCIM 2891 was able to grow on lignin
sulfonic acid sodium salt as a sole source of carbon. The maximum lignin sulfonic
acid sodium salt degradation was observed by its structural changes observed in
FTIR analysis after f0day from its inoculation point.

3.2. UV - visible spectrophotometer analysis

The degradation of lignin sulfonic acid sodium salt analyzed by -UVisible
spectrophotometer it is observed that the control sample (control) gives absorption
maxima from 200 to 305 where the test sample (broth with 10 and days incubation
centrifuged sample) gives from 200 to 250 from here it decreases and second peak
was observed at 280nntigure-1. The UV-visible characterization for the
identification and determination of the concentration of acid soluble lignin by using
hydrolysate according to [21].

45
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Figure-1. The UV/VB absorption maxima of control lignin sulfonic acid sodium
salt (A) and degraded product after 10 days4) and after 15 days ¥).

3.3. FTIR analysis

The observed peak at 860 Chand 1,068 Cm' which are originated from-&1 out

of plane and € O in secondary alcohols, similarly the specific peak shifts for the
degradation products of lignin sulfonic acid sodium salt were observed at 1,4D2 Cm
(S=0) for the sulfate residues, 1,364 @-CHx-O-) for esters of methylene
scissors. 1,642 Ci(C= O) for the quinones in 2 ring structure, 3,400Gor (OH)
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radicals and 2431 Ci(-CHO) observed for aldehydes and denatured (R-OH)
group. Where as in control sample the peaks were observed at 2,380,260 Cm
11,402 and at 1,190 Chn that are in a range of known specific bands in FTIR
analysis which are observed by [22] during their studies of degradation of lignin
compound like Klason lignin and APPL samples under sulfate reducing condition.
Figure-2. Fangeng and Zhuomin (2003) [23] obtained similar results during the
electro degradation of lignosulfonates.
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Figure-2. The FTIR analysis of control lignin sulfonic acid sodium salt (C) and
degraded product (T).

3.4. GC-MS analysis

GC/MS, Py-GC/MS has several great advantages as a technique for enabling rapid
analysis of partially biodegraded lignin and for yielding structural information that
can contribute to a better understanding of the transformation of lignin
macromolecules [24]. The obtained degraded compounds are compared with the
standard structures that has been obtained by the NIST library the most probable
structures with the respect to the enzymatic action on native compound are taken in
to consideration and these compounds are analyzed The results obtained from
extracted sample GC-MS reveals that the organism produces enzyme was capable to
degrade lignin sulfonic acid sodium salt in its monomeric compounds viz toluene,
propanaldehyde and 2-methyl benzaldehyde. The compounds were identified based
on their retention time and the molecular weight obtained during analysis
summarized inFigure-3 [22] were obtained similar results by Py-GC/MS during
their studies. These compounds are compared with the standard GC/MS peaks
obtained from Japan AIST/NIMC Database [25]. From GC-MS data, it was observed
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that the obtained compounds formed after degradation of lignin sulfonic acid sodium
salt.
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Figure-3. proposed pathway of lignin sulfonic acid sodium salt degradation by
Rhodococcus NCIM 2891.

3.5. Purification of catechol 1, 2-dioxygenase

The purified catechol 1, 2-dioxygenase was obtained after 10 days of incubation in
presence of lignin sulfonic acid sodium salt the purification profiles is given in
Figure-4 and the activity of purified catechol 1, 2-dioxygenases at different stages of
purification were given iffable-1.
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Figure-4. Elution profile of catechol 1, 2-dioxygenase from DEAE-cellulose

column chromatography in presence of lignin sulphonic acid. Fractions from

the DEAE-cellulose anion exchange chromatography (m) and fractions showing
catechol 1, 2dioxygenase activity (A).

Table-1. Purification profile of enzymes polyphenol oxidase, Catechol 1, 2
dioxygenase.

Enzyme Enzyme Proteins(mg) | Sp activity | Yield % Purification fold
activity(units) (Units/mg of
protein)
Catechol 1, 2 dioxygenase
Enzyme Enzyme Proteins(mg) | Sp activity Yield %o Purification fold
activity{umts) {Units/mg of
| | proten) |
Crude Exiract 700 2240003 |31.25+0.02 | 100 1

After ammonium | a
sulfate

precipitation | -
After ion | 320 5002 64 + 0.06 45.71 2048
exchange
chromatography

a- activity not determined.

The specific activity of catechol 1, 2-dioxygenase was measured about 65
pmole/mg of protein in lignin sulfonic acid sodium salt as a carbon source.
SDS/PAGE analysis reveals that the enzyme has a molecular weight of 30kD as
shown inFigure-5. There are reports of production of catechol 1, 2-dioxygenase
from number of phenol and similar hydrocarbon degrading microorganisms like
Ralstonia sSp, Pseudomonas aeruginosa, Rhodococcus sp. AN-22, R. rhodochrous
NCIMB 13259 strains [26-28]. with phenol as substrate. The SDS/PAGE analysis
shows that the molecular weight of the catechol 1, 2-dioxygenaserfroircoccus
NCIM 2891 was near about 30 KD which was similar to thaRa$ronia sp. Ba-

0323 (30 KD) [27].

The difference was that thRuisronia spp has not been reported to grow in presence

of lignin sulfonic acid sodium salt whereRBodococcus NCIM 2891 could grow in
presence of lignin sulphonic acid sodium salt at a concentration of Tgand
produce this enzyme.

From obtained results it was seen that the catechol 1, 2 dioxygenase was the key
enzyme that has been produced by different types of microorganisms with response
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to different type of substrates but there was no reports of the catechol 1,2
dioxygenase production during the lignin degradation as it bears the potential to
convert simple lignin degraded products in to TCA cycle intermediates and it can be
working as an key intermediate enzyme in complete mineralization of complex
substance like lignin sulfonic acid sodium salt.

Da a b e d

97,400
66,000

43,000

29,000

20,100

14,300

Figure-5. SDS-PAGE of purified Tyrosinase (a) catechol oxidase (b), polyphenol
oxidase(c) and catechol 1, 2-dioxygenase (d).

3.6. Purification of extracellular phenol oxidases and lignin peroxidase

Polyphenol oxidases like catechol oxidases, tyrosinase, polyphenol oxidases are an
unusual monooxygenase in that it does not require a reducing cofactor such as
NADH [29]. The enzyme activities at different Stages of purification and purification
profile of DEAE - Cellulose ion exchange column chromatography of catechol
oxidase, polyphenol oxidase and tyrosinase in medium containing lignin sulfonic
acid sodium salt are given Trable-2 andFigure-6.

Table-2. Purification profile of enzymes polyphenol oxidase, Catechol oxidase,
Tyrosinase and Lignin peroxidase.
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Enzyme Enzyme Proteins(mg) | Spactivity | Yield % | Purification fold
activity(units) (Units/mg of
protein)

Polvphenol oxidase

Crudz L] 130 04 100 1
£0.09 2003

After ammonium | 39 14 a7 nn 675

sulfate =005 =004

i

After 1on a 0.700 g 40,74 183

exchange =003 =003

chromatography

Catechol oxidase

Crude 6 130 035 100 l
(09 =(.08

After antmonum | 37 14 407 768 B4

sulfate =005 =007

After on Bl 0.800 123 i L]

exchange =0 =006

chromatograply

Tvrosinaze

Crude i

After ammonum | 140 14 10 100 1

sulfate £005 00

| precipitation

After 1on 17 184 1214 1.88

exchange 003 2006

chromatography

Lignin peroxidase

Crude 124 130 09 100 1
009 .04

After ammonium | 118 14 84 5147 933

sulfate =003 =006

| preciplation

After 1on i

exchange

chromatography

a- activity not determined.
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Figure-6. The elution profile of and polyphenol oxidase (a) catechol oxidase (b)
tyrosinase (c) Fractions from the DEAE-cellulose anion exchange
chromatography (m) and fractions showing enzyme activity (A).

A wide variety of o-dihydroxy phenols, such a caffeic acid derivatives, can also
act as good substrates for polyphenol oxidases. Polyphenol oxidase oxidation of
monophenols and o-diphenols has been studied extensively, even though some of
these substrates are not natural compounds. [30]. Fatxe-2 the enzyme activities
obtained from lignin sulfonic acid sodium salt are as follows polyphenol oxidase
(31.42U/mg of protein); catechol oxidase (32.5U/mg of protein); tyrosinase
(18.8U/mg of protein) and Lignin peroxidase (8.4U/mg of protein). SDS/PAGE
analysis reveals that these enzymes have molecular weight as follows tyrosinase
36kDa. The molecular weight of tyrosinaseranges from 18 kDa to 75 kDa. The
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molecular weight oRhodococcus tyrosinase are similar with the tyrosinasé/dirio
tyrosinaticus [31]. The molecular weight of polyphenol oxidase was measures 50kDa
which is more than the polyphenol oxidaseNetirospora crassa, has a molecular
weight of 46,000 Da [32]. The molecular weight of catechol oxidase was seen to be
30 kDa whereas the molecular weights calculated for bacteria are in a range of
28kDa to 32kDa [33]. The SDS/PAGE analyses of enzymes are shéuguie-5.

4. CONCLUSION

Various chemical and physical methods are used for removing both inorganic and
organic sulfur containing compounds and degradation of these compounds including
lignites and other sulfur compounds like lignosulfonates, that are generated in
industrial processing are time consuming and costly. The advantages of the microbial
process over these conventional methods are not only energy effective but are also
cost effective. The present study gives the most optimum results for the extracellular
polyphenol oxidases, peroxidase like enzyme lignin peroxidase and catechol 1, 2-
dioxygenase in presence of lignin sulfonic acid sodium salt as a sole source of
carbon. However, all known microorganism involved in lignin degradation will not
have the same capacity of degradation and expression of enzymes for degradation for
sulfonated polymers like lignosulfonates. In conclusion lignin sulfonic acid sodium
salt will be a best alternative substrate for the detection and studies related to
degradation of lignin like polymers and enzymes involved in their degradation by
microorganisms bearing desulfurization and desulfonation activityRlik&ococcus

NCIM 2891. It was also observed that the lignin sulfonic acid sodium salt (Mol Wt.
50,000 Da) is preliminary cleaved by the peroxidases than the other oxidases formed
during the incubation period. It is evident that lignin molecule denatured by lignin
peroxidase and other phenol oxidases into their simple and utilizable form like
catechols or quinones can be further degraded by cells with ring cleaving enzymes
like catechol oxidases in to metabolic intermediaié®se findings oRhodococcus

NCIM 2891 can be utilized to optimize biodegradation and bioremediation of many
phenolics like lignin sulfonic acid in the environment to protect the natural
biodiversity of the system.
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ABSTRACT

Biological method of nanoparticles synthesis is simple, easy, eco-friendly, and cost
effective. The zinc oxide nanoparticles are mainly synthesized by chemical method,
but now-a-days biological method is preferable. In current study zinc oxide
nanoparticles synthesized by using heena (Lawsonia inermis) leaves extract which
acts as a reducing agent and zinc nitrate as a precursor. The zinc oxide
nanoparticles were confirmed by UV- visible spectroscopy, Fourier transform
infrared spectroscopy (FTIR), X- ray diffraction technique (XRD) and Scanning
electron microscopy (SEM). The Zinc oxide nanoparticles showed characteristic
peak at 343 nm. The different functional groups attached to it were analyzed by FTIR
spectroscopy. In X-ray diffraction analysis, it showed highest peak at (101) crystal
plane with 2 0 value 37.37. The surface morphology analyzed by SEM which showed
stabilized and irregular rhombus like structure of zinc oxide nanoparticles. The
biologically synthesized zinc oxide nanoparticles from Lawsonia inermis exhibited
antibacterial activity against Gram positive B.subtilis and Gram negative E.coli
bacteria with zone of inhibition of 17 mm and 19 mm diameter. This new approach
for synthesis of zinc oxide nanoparticles is more appropriate for the efficient
synthesis of nanoparticles.

KEYWORDS
Lawsonia inermis, Zinc nitrate, Zinc oxide nanoparticles, Antibacterial activity.

1. INTRODUCTION

Nanotechnology is interdisciplinary field of research which connects material
science, bio-nanoscience and technology. The specific morphological properties of
nanoparticles have crucial importance in nanoscience studies. Nanoscience controls
size of particles and generates new material with property within range 1-100 nm.
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Thus; it extends vast area of research in today’s scenario. At the nano level, particles

show totally new characteristics related to size and morphology. Recent development
in the field of nanoscience and nanotechnology helps to improve different areas of

research. Potential applications of these nanostructures have observed in various
fields like catalysis, sensors, water purification, nanomedicines and nanoelectronics

[1, 2].

The conventional physico-chemical methods of synthesizing nanoparticle were
more expensive, require increased time and utilize hazardous chemicals which may
cause environmental pollution. To minimize the use of harmful chemicals,
researchers try to develop a green synthesis perspective for the synthesis of
nanoparticles [3]. Thus, environmentally friendly, cost-effective biological method
for synthesis of nanoparticles was developed. The biological things such as
microorganisms, fungi and plant extract were used, so it also called biogenic
synthesis of nanoparticles. Out of these biological things, plant extract is commonly
used because of its easy availability and simple procedure. The secondary
metabolites present in plant extract acts as capping agent which help to reduce
precursor of particle into its nano form. Due to low toxicity the nanoparticles
synthesized using the plant system can be utilized for different commercial
applications like pharmaceuticals, food packaging, nanomedicine, etc. [4].

In recent era, zinc oxide nanoparticles (ZnO NP) were studied by many
researchers due to its distinctive optical and chemical behavior, unique antibacterial,
antifungal, UV filtering properties, high catalytic and photochemical activity.
Among all metal oxide nanoparticles, zinc oxide nanoparticles have tremendous
applications in electronics, cosmetics, pharmaceutical, communication, sensor and
environmental protection. Zinc Oxide nanoparticles has potential applications in
biomedical field like biological sensing, gene delivery, drug delivery and
nanomedicine also it has antifungal and antioxidant ability as well as antimicrobial
activity against Gram positive and Gram negative micro-organisms. ZnO
nanoparticles were less toxic and safer than other nanoparticles so they have
remarkable applications in food, cosmetic industry, solar cells and semiconductors
[5,6,7].

Lawsonia inermis (Mehendi) is commercially known as heena leaves. It is a
small shrub with different medicinal values. The phytochemical secondary
metabolites like tannins, terpenoids, flavonoids that have been demonstrated to have
antibacterial potential and acts as reducing agent during the synthesis of zinc oxide
nanoparticles [8]. Its stem bark, roots, flowers and seeds have also been used in
conventional medicines. It has been traditionally reported in use of headache,
bleeding disorder, skin diseases, antibacterial, antifungal, antioxidant and anti-
dandruff agent. Thus, present study is based on simple and rapid synthesis and
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characterization of zinc oxide nanoparticles from leaves extract of heena for its
antibacterial applications.

2. EXPERIMENTAL SECTION
2.1. Preparation of leaves extract

Fresh leaves of heena were collected from botanical garden Y.C.l.S.Satara,
Maharashtra, India. These leaves were thoroughly washed and cut into fine pieces.15
gram of leaves were added into 150 ml D/W and stirred for 1 hour@4g{C. The

filtrate was collected and used for further synthesis process.

2.2. Preparation of precursor

For the synthesis of nanoparticles zinc nitrate was used as precursor.0.1M zinc
nitrate was prepared into100 ml D/W and stored it.

2.3. Synthesis of nanoparticles

Fresh extract of heena leaves extract and zinc nitrate precursor was taken in 1:2 ratio.
20 ml of leaves extract was kept for stirring and drop wise addition of 40 ml zinc
nitrate was done. The resulting mixture was stirred for 1 hr'@-806C which gives

wine red color and precipitate was settled at bottom. The precipitate was collected by
filtration, washed D/W and ethanol to remove any impurities. The precipitate
contains white colored zinc oxide nanopatrticles. It was kept for air drying for 24 hr
and annealed in muffle furnace. The resulting white colored powder was used for
characterization and applicatory studies.

2.4. Antibacterial assay

The antibacterial activity of synthesized ZnO nanoparticles was studied against Gram
positive Bacillus subtilis and Gram-negativeEscherichia coli obtained from
Department of Biochemistry, Shivaji University, Kolhapur. The nutrient agar plates
were prepared and 0.1 ml 8fsubtilis and E.coli suspension was spread on plate
with sterilized spreader. Wells were bored in each plate by using sterilized borer.
Add different concentrations of henna leaves extract and synthesized nanoparticles
into each well. Plates were kept into incubator for 24 hr & 3nhd observed for

zone of inhibition on next day.

3. RESULT AND DISCUSSION
3.1. UV-visible spectroscopy

The color change is the key point which confirms formation of nanoparticles in
solution and analyzed by UV-visible spectroscopy. It gives primary characterization
of nanopatrticles. The UV absorption spectra of nanoparticles were affected by some
parameters like method of synthesis, temperature as well as size and shape of
nanoparticles [9]. The UV-visible spectra of synthesized zinc oxide nanoparticles
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were recorded at room temperature between 200-600 nm against D/W as a reference.
Due to surface plasmon resonance, ZnO nanoparticles exhibited characteristics peak
at 343 nm with band gap 3.61 eNidure-1).
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Figure-1. UV-visible spectrum of ZnO nanoparticles.
3.2. Fourier transforms infrared (FT-IR) spectroscopy

The FT-IR spectra of synthesized ZnO nanoparticles were recorded between 500-
4000 cm! (Figure-2). The different functional groups attached to nanoparticles were
aralyzed by this spectroscopy. The peak at 3438.46ccmesponds to O-H bond
stretching [10]. The peak at 2929.34 ¢mand 2859.92 cm corresponds to G
stretching which indicates strong capping on zinc oxide nanopatrticles [11]. Primary
amines were present at 1637.27 tfh2]. Zn-O vibrational stretching was given by
458.98 cm'[13].
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Figure-2. FTIR analysis of ZnO nanoparticles.

3.3. X-ray Diffraction (XRD)

X-ray diffraction analysis of synthesized ZnO nanoparticles was carried out to
determine size of nanoparticles by Debye-Scherrer equation. Size of nanoparticles
was calculated from highest peak (figdne-The 26 values determined from XRD

graph are 32.82, 32.94 and 35.35 with (hkl) planes (100, 002 and 101) respectively.
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The size of synthesized ZnO nanoparticles was found to be 4.71nr) (httA
26 value 35.35 and (hkl) plane is (101). (JCPDS card no. 76-0704) [14, 15, 16].
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Figure-3. XRD analysis of ZnO nanoparticles.
3.4. Scanning electron microscopy (SEM)

Scanning electron microscopy is used to study surface morphology of nanoparticles.
Agglomerations of nanoparticles were observed in SEM analysis [17]. The

synthesized ZnO nanoparticles showed stabilized irregular rhombus like structure in
SEM analysisKigure-4).

Figure-4. SEM analysis of ZnO nanoparticles.
3.5. Antibacterial activity

The activity was studied by using agar well diffusion method. The antibacterial
activity of heena leaves extract and synthesized zinc oxide nanoparticles was studied
against Gram positive8.subtilis and Gram negativé.coli bacteria. The extract
contains different phytochemicals and secondary metabolites which acts as
antibacterial agent and also impart antibacterial potential to synthesized ZnO
nanoparticles. Antibacterial activity of nanoparticles depends on the particle size,
stability, concentration of nanopatrticles, concentration of growth medium and type of
bacteria tested against nanoparticles.
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In the present study, microbial pathogen Gram posBwe&!llus subtilis and
Gram-negativeEscherichia coli were used. After incubation of 24 hr the petri plates
were observed for zone of inhibition. The different concentrations from 20 pl to 120
pl of heena leaves extract and ZnO nanoparticles were used. The maximum
inhibition zone was observed at 120 ul for both micro-organisms ZnO nanopatrticles
showed 19 mm and 17 mm inhibition zone foroli and B.subtilis respectively
(Figure-5 and Figure-6). From the zone of inhibition, it was concluded that ZnO
nanoparticles showed good antibacterial activity against Gram negative micro-
organisms than heena leaves extract.

The following observation tabld éble-1) depicted zone of inhibition by heena
leaves extract and zinc oxide nanoparticles agéiasti andB. subtilis:-

Table-1. Zone of inhibition by leaves extract and ZnO nanoparticles.

Sr.no. | Bacteria | Concentration Zone of inhibition
(uD (mm)
Heena | Zinc oxide
leaves | nanoparticles
extract
1. E.coli 20 - -
40 - -
60 - -
80 - 12
100 - 14
120 - 19
2. B.subtilis 20 - -
40 - -
60 - -
80 - 11
100 - 13
120 - 17
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Figure-5. Zone of inhibition by ZnO nanoparticles agains€E.coli.

Figure-6. Zone of inhibition by ZnO nanoparticles againsB. subtilis.

4. CONCLUSION

Biological synthesis of zinc oxide nanoparticles using leaves extract of heena
(Lawsonia inermis) was carried of successfully. The synthesized nanoparticles were
studied for their optical and structural properties by using UV- visible spectroscopy,
FTIR spectroscopy, X-ray diffraction technique and SEM analysis. In UV-visible
spectrum, it showed characteristic absorption peak at 343 nm. The FTIR analysis
showed presence of different functional groups. The size of nanoparticles is 4.71 nm
analyzed from XRD. The stabilized irregular rhombus like structure was observed in
SEM analysis. The antibacterial activity of zinc oxide nanoparticles was studied
against Gram positive and negative bacteria showed that zinc oxide nanoparticles
were potential antibacterial agent for Gram negafivéerichia coli. Thus, due to
eccofriendly, rapid and easy synthesis method, small size and good antibacterial
activity zinc oxide nanoparticles can be used for various environmental and
biomedical applications.
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ABSTRACT

Synthesis of nickel oxide nanoparticles using biological entities is cost effective and
eco-friendly approach. In current study, nickel oxide nanoparticles (NiO)
synthesized by utilizing tulsi (Ocimum tenuiflorum) leaves extract which reduces
nickel chloride precursor into its nano form. The structural properties of
nanoparticles were confirmed by UV- visible spectroscopy, Fourier transform
infrared spectroscopy (FTIR) and X- ray diffraction technique (XRD). The NiO
nanoparticles exhibited characteristic peak at 379 nm with band gap 3.27 eV while
FTIR spectroscopy analyzes different functional groups attached to it. In X-ray
diffraction analysis NiO nanoparticles revealed sharp and highest peak at (220)
with 2 e value 52.59 and also exhibited single crystalline structure having
tetragonal cubic phase with 3.37 nm size. The biologically synthesized nickel oxide
nanoparticles from Ocimum tenuiflorum leaves extract showed antibacterial
activity against Gram positive Staphylococcus aureus and Gram negative
Escherichia coli.Thus,NiO nanoparticles can be utilized as potential antibacterial
agent against range of micro-organisms.The synthesis of NiO nanoparticles using
leaves extract is more appropriate strategy for the effective synthesis of
nanoparticles.

KEYWORDS

Ocimum  tenuiflorum, Nickel oxide nanoparticles, Staphylococcus aureus,
Escherichia coli, Antibacterial agent.

1. INTRODUCTION

Nanoscience and Nanotechnology is the innovatigedsr of science that deals with
production of nanoparticles with improved propesrtiehich are contrast from
subsequent solid-state material and its applicatiohhe size and properties
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alterations are due to quantum size, surface tanvel ratio and macroscopic
tunnelling effect. The various physical and cheinteahniques were employed for
synthesis of metal oxide nanoparticles. But thesthous are costly, time consuming
and may cause some environmental effects due ltpatibpn of harmful chemicals.
Therefore, biological method for nanoparticles bgsis was developed to minimize
impacts of harmful chemicals. Synthesis of nandgasg using biological entities
iseco-friendly, cost effective, minimum use of chests and requires less time for
synthesis [1].

Amongst the all metals, magnetic traositmetal dependent nanoparticles of
Nickel, Copper and Iron was synthesized due tsufgerior magnetic properties and
various applications. The crucial feature of Nantdthnology is the combination of
biological principles with physical and chemicabpapach so as to synthesize nano
sized particles with distinctive functions. Sevgradcedures are performed to control
the size and shape of nanopatrticles [2]. The varmalogical things were employed
for synthesis of nanoparticles but utilization damd extracts specifically leaves
showed significant formation of nanoparticles. T8everal secondary metabolites
like terpenoids, flavonoids, phenols and alkalowdsre present in leaves extract.
These metabolites act as reducing agent which esdbulk precursor into its
nanoparticle form. The solvents with varying degoégolarity also effects on the
synthesis of metallic nanoparticles [3]. There aegtain basic requirements in
biological synthesis; it includes i) choice of peopsolvent, ii) an eco-friendly
reducing agent and iii) non-toxic stabilizing agéott nanoparticles. Therefore, by
maintaining suitable conditions biological methodoguces nanoparticles with
controlled morphology without generation of harmhy-products. The materials
synthesized by eco-friendly approach possess wigpdications in biomedical and
pharmaceutical industries [4]. The advantages loethig utilization of plant extract
mediated metal nanoparticle synthesis is that, treyeasily available, safe, non-
toxic and contain large variety of phytochemicalsichh acts as effective reducing
and capping agent. Thus, due to these benefits phdracts easily converts bulk
precursor into its nano form than microbial and gumediated nanoparticles
synthesis [5].

Ocimum tenuiflorum, a small medicinal herb belongs to the family Laceiae
commonly known as Holy Basil or Tulsi. The phytochtieal constituents of tulsi
consist of oleanolic acid, ursolic aid, rosmariad, eugenol etc. while the essential
oils arep-elemenef-caryophyllene and germacrene. There are two namosf of
nickel that are nickel metal and nickel oxide. Théwso classes exhibited specific
properties like magnetic, biocompatibility, catadyactivity, antimicrobial potential
and sorption nature. Also, this nano sized nické&l® nanoparticles (NiO) with band
gap 3.6-4.9 eV behaves as semiconductor with hingimecal stability and electron
transfer efficiency. Hence, these NiO nanopartibl@se wide applications in diverse
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fields like electronics, energy devices, nanomeisj sensors, waste water treatment
and in the various organic synthesis such as remydiydrogenation, alkylation etc.
[6]. In recent decades, plant extracts, micro-oiggan, fungi and some enzymes
were exploited for the synthesis of NiO nanopag8ciThus, it results in development
of green protocol approach.Among, all the biolobitengs, plant extract attracts
more attention because it acts as an effectiveicg@ment and also helps to control
size morphology of nanopatrticles to prevent its@aggration [7].

In current study, the synthesis of nickel oxidenayzarticles usingDcimum
tenuiflorum leaves extract was carried out by using nickebritié as precursor while
ethanol and water used as solvent. The synthesiaedparticles were characterized
by UV-visible spectroscopy; Fourier transform iméd spectroscopy (FTIR) and X-
ray diffraction (XRD). The antibacterial activityf grepared nanoparticles were
studied against Gram positive and Gram negativeaigoganisms.

2. EXPERIMENTAL METHODOLOGY
2.1. Preparation of Ocimum tenuiflorum leaves extract and precursor

Fresh leaves aDcimum tenuiflorum (tulsi) were collected from botanical garden of
Y.C.l.S. Satara, Maharashtra India. The leaves weshed with distilled water
(D/W) to remove debris on it. These leaves wereiniat fine pieces and crushed
with minimum amount of D/W. 25 gm of crushed leavesre stirred along with
100ml of D/W and ethanol in 1:1 proportion at 8086€2 hr. After stirring, resultant
mixture was filtered through Whatmann filter papsrd filtrate was used for
synthesis of NiO nanopatrticles. Pure 0.1mM nickdbede (HiMedia,India) was
dissolved in 100 ml of D/W and utilized as precurf®o nanoparticle synthesis.

2.2. Synthesis of Nickel Oxide nanoparticles

The prepared leaves extract was mixed with 0.1 mibkeh chloride in 1:3
proportions with drop wise addition and stirring8&€C for 3 hr on magnetic stirrer.
The resulting solution was annealed in furnaceOfX@ for 2 hr. After annealing,
black brown colored powder was obtained. Furthtewas washed with ethanol to
remove any other impurities. The purified powderswamployed for further
characterization and antibacterial studies.

2.3. Antibacterial activity

The bacterial strains were collected from Departn@nBiochemistry, SUK. The
antibacterial activity of synthesized NiO nanopaes$ was studied against Gram
positive Staphylococcus aureus and Gram-negativ&scherichia coli by using agar
well diffusion method. The nutrient agar plates evprepared by traditional method
and 10Ql of S.aureus and E.coli suspension was spread on plate with sterilized
spreader. Well, were prepared on each plate weh#ip of a sterilized borer. Add
50 pland 100 pl of synthesized nanoparticles intwells while 50 pl of leaves
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extract in another well as control. Plates weret fepincubation at 3T for 24 hr.
Zone of inhibition was observed on next day to deiee the antibacterial activity.
The zone was measured to determine the effectiveriesskel oxide nanoparticles
against these pathogens.

3. RESULT AND DISCUSSION
3.1. UV-Visible spectroscopy

The colour variation in solution is determined by-Wisible spectroscopy which is
the basic characterization technique to study namicfes. The UV-visible spectra
of synthesized NiO nanoparticles were noted at réamperature between 200 and
800 nm against D/W as a reference. Hgure-1 indicates the UV-Visible spectrum
of synthesized NiO nanoparticles framisi leaves extract. Due to surface plasmon
resonance, NiO nanoparticles exhibited characiesipeak at 379 nm with band gap
(Eg) 3.27 eV. The UV absorption also depends oa arzd shape of nanoparticles

8.
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Figure-1. UV Visible spectrum of NiO nanopatrticles.
3.2. Fourier transformsinfrared spectroscopy (FTIR)

The FTIR spectroscopyanalysis of synthesized Ni@oparticles was carried out
between 500 and 4000 cm-1. The different functiogeups attached to NiO
nanoparticles surface were analysed by FTIR spemipy. TheFigure-2 represents
the FTIR spectrum of prepared NiO nanoparticlee $mall peak at 580.28 cm-1
corresponds to metal-oxygen stretching frequenaresrelated to Ni-O [8]. The
small absorption band at 2920.68 cm-1 is due toetttending vibration mode of
CO2, which occurred due to presence of aerial COR@2 inside the grains of the
nanoparticles [9]. The broad absorption peak olesenearly at 3397.44 chelated
to OH functional groups [10]. The band between région of 1000-1500 ctiare
symmetric and asymmetric stretching vibrations Wlace contributed to O-C=0 and
C-0. The weak band near 1623.24isnassigned to H-O—H bending vibrations
mode [11].
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Figure-2. FTIR spectrum of NiO nanopatrticles.

3.3. X-Ray diffraction (XRD) technique

The XRD pattern of prepared NiO nanoparticles depicin Figure-3. The
synthesized NiO nanoparticles exhibited crystallisgucture with different
diffraction angles. The diffraction peaks &=231.42°, 36.51°, 52.59°associated with
(111,200, 220) crystal planes. The peaks at (21),22re occurred due to impurity
or presence of plant extract components. The dlystasize of the NiO
nanoparticles were determined by Debye Scheretatem, i.e., D=k %/ x co9$.
The size of the nanoparticles calculated from DebBgleerer’'s equation was 3.37nm
(33.7A°) with 20= 52.59° and the hkl plane was (220). The syntleesiXiO

nanoparticles were single crystalline having tedred cubic phase with azb.
(JCPDS PDF No.: 73-1523) [12].
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Figure-3. XRD pattern of NiO nanopatrticles.
3.4. Antibacterial activity

The antibacterial activity of synthesized NiO naadigles was studied against
microbial pathogens like Gram positiSeiphylococcus aureus (S. aureus) and Gram
negativeEscherichia coli (E.coli). The simple agar well diffusion method was used

Page 60



to study activity. The metal oxides like NiO enieto bacterial strain by diffusion
mechanism and penetrate the cell wall of it. Tresgiration alters the structure of
cellular membrane inner cellular components leadsdil death [13]. There are
numerous mechanisms associated to antibacterigitaaf NiO nanoparticles: - (i)
generation of reactive oxygen species (ROS) whiahses oxidative stress (ii)
delocalization of membrane due to attachment ofoparticles on bacterial cell
membrane (iii) release of metal ions after bindiaghe bacterial membrane which
was main cause of antibacterial activity [14]. Snrticle size and minimum
agglomeration effects on diffusion capacity and ik@uterial efficiency of
nanoparticles.The electrostatic interaction is @mesbetween negatively charged
bacterial cell and positively charged nanopartidles interaction helps
nanoparticles to enter into bacterial cell and raeis as bactericidal material. This
entry of nanopatrticle into cell generates reaatixggen species leads to inhibition of
bacterial growth. The increasing oxidative strekers the structure of proteins,
lipids, nucleic acids and stimulates the cell d¢a#).

In the current study, Gram positivie aureus and Gram-negativé. coli were
used to study antibacterial activity of NiO nandjuées. After incubation of 24 hours
the petri plates were observed for zone of intohitiFrom the zone of inhibition, it
was observed that NiO nanoparticles showed gootbasterial activity against
Gram positive micro-organisms than Gram negativerordrganismda-igure-4 and
Table-1 represented the information about antibacteriatteqal of NiO
nanoparticles.

Table-1. Zone of inhibition by NiO nanoparticles.

Well no. | Sample Bacterial Zone of inhibition (mm)
strain

1. Control S.aureus 21+0.47
(50ul)

2. NiO 24+0.94
(50ul)

3. NiO 27+0.81
(100ul)

1. Control E.coli 19+0.47
(50u)

2. NiO 21+0.81
(50ul)

3. NiO 23+0.81
(100ul)

Page 61



Figure-4. Zone of inhibition by NiO nanoparticles @) S.aureus; (b)E.coli.

4. CONCLUSION

A novel green approach was carried out to syntkeSiD nanoparticles from tulsi
leaves extract which has efficient reducing andpoap properties. The structural
properties were studied by using UV- visible spestopy, FTIR spectroscopy and
X-ray diffraction technique. This work defines asflic procedure for the synthesis
of NiO Nanoparticles based on cassava extracts. aftiacterial ability of NiO
nanoparticles was studied against Gram positivenagative bacteria. It was found
that, synthesized nanoparticles were potentialbaoterial agent against Gram
positive microbe than Gram negative. Thus, due h® ¢co-friendly and easy
synthesis method, small size, single crystal natun@ good antibacterial potential
NiO nanoparticles can be used for various envirartale and biomedical
applications.
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ABSTRACT

An economic and simple process of green silver nanoparticles synthesis was
attempted by Bacillus subtilis NCIM 2010. The cell suspension of Bacillus subtilis
NCIM 2010 prepared in sterile distilled water and utilised as mediator of silver
nanoparticles fabrication at room temperature. The synthesis of particles occurs
during incubation. The aqueous silver ions present in sterile distilled water getting
reduced to their respective nanoparticles after 48 h of treatment at pH 7.0 and 30°C.
The structural characteristics of nanoparticles were revealed by various analytical
procedures. Peak obtained at 430 nm in UV visible spectroscopic analysis confirms
the presence of particles which is specified for its surface Plasmon resonance,
Synthesized particles are in spherical form and having practical size ranging from 7
to 40 nm with average 17 nm and showed crystal nature. TEM analysis revealed
surface anaionic charge on synthesized nano particles. These nanoparticles have
characteristic broad spectrum antibacterial properties for different Gram negative
and positive bacteria. However, there is a quite resistance showed by selective
Gram-negative microorganisms.

KEYWORDS
Nanoparticles, Bacillus, Antibacterial, Silver nanoparticles.

1. INTRODUCTION

Nanobiotechnlogy gained lots of attention in current decade because of its
predictable influence in different fields like power, pharmaceutical, electrical devices
and spacecrafts industry. From last decade this area of science increased its demand
exceptionally around the globe [1]. Amongst all metalonanoparticles, AgNPs had
various essential applications; because of its antibacterial and disinfecting properties
and well known ever since Roman empire era. Though, advancement in synthesizing
silver nanoparticles is increased because of its bactericidal properties [2] AgNPs
shares one of the significant inputs at the era of bio-labelling, sensor technologies,
microbicidal components and in filtration technologies. The silver nanoparticles also
having potential to be safe utilized in water purification plants, in pesticide
denaturation as well as in humans it acted as a potent agent for iradicating different
disease causing virulent microbial pathogeit present, the exploration of silver
nanoparticle in antimicrobial treatment fact has gain attention because of increase in
multiple drugs amongst microorganism [3].
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Various physicochemical methodologies like electro-chemical, ultra
sonication assisted, photo-chemical, reverse micelles, emission, etc. where been
reported for fabrication of nanoparticles Pijt, these techniques has limitation of
expensiveness and secondary pollution due to utilization of chemicals for synthesis
and would exert toxicity to the natural flora-fauna and other biological entities of
natural ecosystems and also to the environment [5] As biological or green synthesis
of nanoparticles consumes different prokaryotes and eukaryotes organallies and cells
and reported for having a good quality for have inorgamiomaterial’s fabrication
by intracellularly or extra-cellularly with their biomineralization process of [6].
Microorganism assisted fabrication of silver nanoparticles is recognised as
renowned and hopeful method for exploitation of various kinds and properties
bearing silver nanomaterials [7]

Manufacture of nano size metallic AQNPs with diverse structural properties
and sizes by various route were been already documented the simple method for the
AgNPs synthesis concerning a reduction of silver salts and these will be carried out
by physical method involves reduction of an ionic salt in an suitable media with
surfactant using various reducing agents, such as sodium borohydride [8] hydrazine
hydrate, [9] sodium citrate, (Pillai et al., 2004)and ascorbic acid [10] there are
different type of microorganism which were used for synthesis of AgNPs including
bacteria, Fungi, actinomycets and fungi [11]. In this context we studied the synthesis
of AgNPs byBacillus subtilis NCIM 2010 its characterization and its antibacterial
activities.

2. EXPERIMENTAL SECTION
2.1. Materials

Microorganism used- Bacillus subtilis NCIM 2010 was got from National
Collection of Industrial Microorganisms (NCIM - Pune) India. Obtained pure strain
repeatedly transferred grown and maintained on Nutrient agar at 4°C durin@study
cereus NCIM 2703;S. aureus NCIM 2654; P. earuginosa NCIM 5032; P. vulgaris

NCIM 2813 andS. typhi NCIM 2501 were used for analysis of antibacterial activity

of AgNPs, were grown on nutrient agar and maintained on same medium at 4 °C
until their use.

2.2.  Synthesis of Silver nanoparticle

Growth of Bacillus subtilis NCIM 2010 was obtained by inoculating and grow
organism in 250-mL conical having 100 mL nutrient broth at 30°C and 110 rpm on
rotary shaking incubator for 24 h. completely incubated broth having cell density of
5 x 10 cells / mL was then centrifuged at 4000 X g for 10 min to obtain cell biomass.
Collected biomass was then washed with sterile distilled water to make this biomass
resudual component free and re-suspended gain same volume of (100 mL) in sterile
distilled water with 1 mM AgN@ and allowed to incubate at 25°C after incubation
cell free extracts were characterized by UV-visible spectrophotometry.
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2.3. Analysis of AgNPs and its Characterizations
a. UVl/visible spectroscopic investigation

The depiction of the silver nanoparticles was done by UV/Visible spectroscopy using

a Hitachi U-2800 double beam spectrophotometer. The wavelength spectra of cell
free extracts was taken starting from wavelength 300nm to 800nm and observed for
the appearance of the peak in given wavelength. For determination of the maximum
synthesis of AgNPs same experiment was done after interval of 6h from the

inoculation point.

b. X-ray Diffraction studies

The purified crystalled powder of metal AQNPs was examined bya¥( diffraction

using Philips analytical PW3710, Xray diffractometer with a target CrKa (o =2.28

Ao) the generator was operated at 40 Kv with a 25mA current. The scanning range
(20) was 100 to 100 o.

c. TEM

The morphological characters of AgNPs were obtained monitoring silver
nanoparticles for TEM. The analysis, of an aliquot of aqueous solution of silver
nanoparticles was locate on copper grid which is carbon coated, sample is allowed to
dry. Scanning of this grid done by with a Philips model (M200) Transmission
electron microscope monitored at a current from 20 - 200 kV with 2- 4 Ao
resolution.

d. Effect of pH and Temperature on AgNPs synthesis

To study various pH and Temperatures impact on AgNPs synthesis, AGNPs synthesis
by microorganism was checked at diverse temperatures like 15, 20, 25, 30 35, 40 and
450C and from pH 5.0, 6.0, 7.0, 8.0, 9.0 and 10 by monitoring an absorbance at 430
nm.

e. Antibacterial activity of AQNPs

Antimicrobial activity of AQNPs was tested against Gram negative bacterial strains,
by agar well diffusion assay [12]. Inhibitory zones were noted after incubation.

f. Statistical analysis

Values obtained are mean of three or additional factors. Examination of the variants
done by all data at P< 0.05 using Graph Pad software. (Graph Pad Instat version
3.00, Graph Pad software, San Diego, CA, USA).

3. RESULTS AND DISCUSSION

Aqueous solution of 1ImM AgN©supplemented with cell biomass which caused
development of AgNPs within 12h due to reductive ability microorganisms on silver
ions was visibly detected through colour change as colourless to greenish and
greenish to yellowish brown. The extent of AgNPs synthesis was checked with
UV/Visible spectroscopic technique by evaluating distinguished absorption peak was
observed near about 430nkidure-1).
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Figure-1. spectroscopic analysis of ANPs synthesized bgacillus subtilis
NCIM 2010.

To determine maximum nanoparticles synthesis absorbance were recorded at the
function of time with a definite time interval and the optimum absorbance was
observed after 48 h and afterwards it remains condtanirg-2).

—12h
2 —36h

24h
—48h

300 400 500 600 700 800
Wavelengthin nm

Fig.2

Figure-2. Synthesis of silver nanoparticles at different time interval of
incubation.

Previous studies suggested that many bacteria having ability to produced
AgNPs but duration of synthesis and its structural forms were different from each
other such asB. lechiniformis has ability to synthesize the nanoparticles maximum in
stationary phaselB]. Bacillus Sp produces Ag nanoparticles in their periplasmic
space of the cell [8]. described production of AgNPs by yeast strain MKY3 in
logarithmic phase [14 elaborated the AgNPs synthesis with utilising spore crystals
mixture of Bacillus thurengenesis. Other reports suggested that some bacteria
synthesize nanoparticles extracellularlyPseudomonas stutzeri  intracellular
synthesizing particle size approximately 200 nm [11,15], whereas AgNPs
Synthesized bWorganella sp. were produced extracellularly and having size320
nm [16], similarly silver and gold nanoparticles synthesis was carried out
intracellularly by Lactobacillus strains[17] Lectonemaboryanum (Cyanobacteria)
synthesizes Ag nanoparticles Intracellulant@ nm[18].
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The AgNPs exhibit an absorption spectral peak at 430nm at 12 h of reaction, in
initial state after 6h medium starts to change the colour from transparent to green and
after 9h it changes the colour from green to brown. The absorbance detected at
430nm is a typical SPR - band (surface plasmon resonance) of AgNPs and its
observed so due to the excitation of longitudinal plasmon vibrations in silver
nanoparticles [17, 19 (Figure-3) shows forms of X-ray diffraction for the AgNPs.
results display the incidence of diffraction peaks diffraction of face center cubic
silver in the hole spectrum of 20 value ranging from 10 to 80.

Intensity (A.U)

T T T T T T T T T T T
20 30 40 50 60 70 80

2 0 ( degree)

Figure 3. XRD evaluations of AgQNPs synthesized ®acillus subtilis NCIM
2010.

The average dimensions of crystalline AgNPs assessed by FWHM is (111) peak
calculated by the Scherrer formula is 9.7 nm. On the scale of nanometer, maximum
of face centered cubic (fcc) arranged metallic structures included silver were getting
nucleated and grown within twinned and multiplied twinned AgNPs with their
surfaces bounded by the minimum energic level (111) facets [20].

From TEM results Figure-4a) it was exploited that AgNPs were mono-
dispersed and round shaped. The particle size variation in size was seen in TEM
micrograph Figure-4b). The synthesized AgNPs were found to have size in between
of 7-40 nm and average 17 nm.

Page 68



Figure-4. TEM analysis of AQNPs a) Inset: Selected area electron diffraction
outline of AQNPs. b) TEM image of the AgNPs synthesize Bacillus subtilis
NCIM 2010 Scale bar corresponds to 50 nm.

From optimization studies it was revealed thdcillus subtilis NCIM 2010
synthesize silver nanoparticles optimally at 7 pH an8C3@hereas best gold
agumetation by microorganisms was normally occured in Heep® [11, 15] and
variations in the pH has affected on the size of silver nanoparticles as shown in figure
(Figure-5)

25 4

1.5 A

Absorbance at 430 nm

05

Figure-5. Synthesis of AgNPs at different pH.

and similar results are also observed in case of temperature optimization where the
optimum temperature of AQNPs synthesis wa¥C38nd for other temperature it was
decreasingRigure-6).

25 1

15

Absorbance at 430 nm

05 4

Temperature in°C

Figure-6. Synthesis of AgNPs at different Temperature.

It was revealed by previous studies that the silver nano particles possess antibacterial
activity against of microorganisms selected from the ATCC strain collection and
various another microorganism [21]. The antagonistic pattern of AQNPs on microbial
cells showed to retard the DNA replication and translation processes so could impact
on synthesis of some essential cellular and ribosomal protéiesause of AgNPs
action [23.
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Figure-7. Antimicrobial activity of AQNPs on a)Bacillus cereus NCIM 2703, b)
Staphylococcus aureus NCIM 2654 , c¢)Bacillus subtillis NCIM 2635 d)
Pseudomonas earuginosa NCIM 5032 e)Proteus vulgaris NCIM 2813 f)

Salmonella typphi NCIM 2654.

(Figure-7) shows the results of antimicrobial activities it is seen that synthesized
AgNPs shows the antimicrobial activities counter to some Gram negative and some
positive bacteria. Within experimental microorganism zone of inhibition in diameter
was observed againBucillus cereus NCIM 2703, Staphylococcus aureus NCIM

2654, Bacillus subtillis NCIM 2635 andPseudomonas earuginosa NCIM 5032
howeverProteus vulgaris NCIM 2813 andSalmonella typhi NCIM 2654 does not
show the zone of inhibitiorF{gure-7; Table-1). The increase in silver resistance in
microorganism was observed due to extensive and abandoned use of Ag may result
in more emerging bacterial resistant J[23hough, these bacterial specificity in
resistance within microorganism is depend on the possibility of transmission of Ag
resistance gene and is lowest among other resisfahc@5], that is the incidence of
frequency of AgNPss different amongst other organig@v]. Examination of the
occurrence of silver resistance is very significant due to plasmid transfer and
responsible for inter resistance amongst microorganism [3].

Table-1. Antimicrobial activity of AQNPs synthesized byBacillus subtilis NCIM

2010.
Test microorganism Zone of inhibition in
diameter
B. cereus NCIM 2703 12 mmz 0.5
S. aureus NCIM 2654 13 mm+0.2
B. subtillis NCIM 2635 16 mmz= 0.3
P. earuginosa NCIM 5032 15mm+0.4
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P. earuginosa NCIM 5032 -

S. typhi NCIM 2501 ;

(-) = results not observed

Obtained results are the mean of three sets at (+ SD) inhibitory impact of AgNPs
shown to be significant from control as *P < 0.05.

4. CONCLUSION

In conclusion the cell suspension prepared in sterile distilled water @attiBus

subtilis NCIM 2010 utilised as green synthesis of AgN#th AgNOs at moderate
temperature. It was anticipated that reductivity in silver ions is because of microbial
production of different macromolecules especially proteins that may be contributed
by the nitrate reductase enzyme. The structural characteristics of nanoparticles were
revealed by various analytical procedures. The UV/Visible spectral analysis shown
to have a spectral peak at about 430 nm, which typicaly observed for AQNPs. The
AgNPsformed were round shaped with an average 17 nm particle size with crystal
structure and anionic nature confirmed by TEM. The AgNPs seen to have large
spectrum of antibacterial activities against various Gram-positive and negative
bacteria but there is a resistance that observed in case of selective Gram-negative
microorganisms which might be due to the extra chromosomal characteristics of that
microorganism.
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ABSTRACT

Ipomoea campanulata, a large shrubby climber plant collected from western ghat region
covered under district Pune, Maharashtra to analyze antioxidant and cytotoxicity capacity of its
extracts. The total phenolic content measured as gallic acid standard equivalent was found to be
0.440 £ 0.09 mg/ml and 0.380% 0.08mg/ml for methanol and ethyl acetate extract respectively.
Flavonoid content was found to be 0.071 % 0.002 mg/ml and 0.057+ 0.002 mg/ml for methanol
and ethyl acetate extract as Quercetin standard equivalent. The antioxidant potential of extracts
was determined by employing DPPH Scavenging assay and Nitrous oxide radical scavenging
assay. The highest % inhibition for DPPH scavenging (68.75 + 1.08%) and Nitrous oxide
radical scavenging (60.93 +6.93%) showed by methanolic extract and ethyl acetate extract of .
campanulata respectively. MTT assay showed that the methanolic extract is toxic to HepG2 and
MCEF 7 cells and their % inhibition are56.32% and 65.99% respectively. The study shows that

the extracts of 1. campanulata have strong antioxidant and cytotoxic capacity against HepG?2
and MCF7 cells.

KEYWARDS
Ipomoea campanulata, Phytochemical, Antioxidant, Cytotoxicity.

1. INTRODUCTION

In the plants, Convolvulaceae family contains nearly 1650 species from which approximately
500-600 species comprises by the gehusnoea. Hence, large numbers of species are from
genusipomoea within the Convolvulaceae family [1]. Eplants with heart-shaped leaves and
funnel-shaped flowers under the twining or climbing woody or herbaceous plants dominate this
genus.The most species of this genlimmoea are in the tropical region and some are in the
temperate zones [2]. THpomoea genus has been studies for their phytochemicals from mid of
20" century. Some species fHfomoea reported for their antimicrobial, analgesic, anticancer,
spasmogenic, hypertensive and psychotomimetic activities. The common photochemical
constituents that are ergoline alkaloids, nortropane alkaloids, glycolipids, coumarins,
isocoumarin, phenolics compounds, norisoprenoids, diterpene, benzenoids, flavonoids,
antocianosides, lignin and triterpenes has been identified as biological active constituents.
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However,Ilpomoea campanulata species is not well exploited for their phytochemical studies as
well as biological activities [3].

The objective of this study is to phytochemically analiggenoea campanulata, determine total
antioxidant activity using 2-2 diphenyl-1-picrylhydrazyl (DPPH) & Nitric oxide radical
scavenging, and characterize it through Liquid Chromatography- High Resolution Mass
Spectroscopy LC-HRMS). 1t is also includes cytotoxic properties bfcampanulata using
HepG2 and MCF7 cell lines.

The general information regarding plant under study is as follows:

Classification: Kingdom- Plantae, Phylum- Tracheophyta, Class - Magnoliopsida Order
Solanales, Family Convolvulaceae, Genuslpomoea, Species- campanulata L. Viz illustris

(C. B. Cl) Prain

A

Figure-1. | pomoea campanulata A) Plant B) Flower.
Ipomoea campanulata- Stout climbers with 8 x 9 cm leaves which are broadly ovate to orbicular,
petiole to 8 cm long. Flowers are 1 or 2 together containing pedicels 3.5 cm long and stout. The
sepals are 1 x 1 cm in size, orbicular in shape, outer 3 pubescent outside, growing in fruit;
filaments hairy at base. Seeds are black and hairy on akgiesg-1).

2. EXPERIMENTAL SECTION
2.1 Preparation of extract

The leaves ofpomoea campanulata were collected from western ghat region covered under
Pune, Maharashtra, India. Location li@sl9°19'01.4"N 73°57'11'&. Dust particles were
removed by washing leaves with tap water followed by distilled water. The leaves then shed
dried for 15 days at room temperature and powdered using mechanical grinder. The crude extract
was obtained by mixing 10 g of powder in 100 solvent keeping mixture overnight followed

by filtration with Whatman No.1 filter paper. Crude extract concentrated by evaporating
maximum solvent using rotavapor. Concentrated extract then taken on petriplates & evaporated
completely. After obtaining yield, extract was re-dissolved in solvent for further use.

2.2 Phytochemical screening of extract:
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The qualitative phytochemical tests were performed for Alkaloids, Anthraquinones, R&oteins
amino acids, Saponins, Flavonoids, Phenols, Terpenoids, Sterols, Tannins and Glycosides to
know their existence in plant extracts [4-6].

221 Testfor alkaloids

One ml of plant extract was mixed withndl Mayer’s reagent. Yellow precipitation indicates the
presence of alkaloids.

2.2.2 Test for anthraquinone

The 0.5 ml of plant extract added im of 10 % ammonium solution, shaken vigorously for 1
min. Red color formation indicates the presence of anthraquinone.

2.2.3 Test for proteins and amino acids

Ninhydrin test — few drops of Ninhydrin reagent added in 1 ml plant extract, kept in boiling
water bath for 30 sec to 1 min. Purple color formation indicates the presence of proteins and
amino acids.

2.2.4 Test for Saponin

Foam test
The 1ml of plant extract shaken continuously for 15 min. Formation of layer of foam indicates
the presence of saponin.

2.25 Test for flavonoids

H>S0y test- few drops of conc. 5w added in 1 ml of plant extract. Orange color formation
indicates the presence of flavonoids.

Aluminium chloride test —In the adequate amount of plant extract equal amount of 1% aluminium
chloride solution was added. The formation of light-yellow color indicates the presence of
flavonoid.

2.2.6 Testfor phenols

Ferric chloride test — 1 ml of plant extract mixed with &l of 5% or 1 N aqueous ferric chloride.
Formation of deep blue or black color indicates the presence of phenols.

2.2.7 Testfor terpenoids

H2504 Test- 1 ml of plant extract mixed with 0.ehl of chloroform, evaporate on boiling water
bath, cool and adi 0.6 ml conc. HSQs, the solution was boiled for 30 sec. Formation of gray
color indicates the presence of terpenoids.

Salkowski’s test — In a solution of 1 ml plant extract ananRof chloroform, 3ml of conc.
H2S0O4 addd from the side of the test tube. The reddish-brown coloration at the interface
indicates the presence of terpenoids.

2.2.8 Testfor sterols
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Salkowski’s test — In a mixture of Iml plant extract andrl of chloroform, Inl of conc. H2S0O4
added from the side of the test tube. The chloroform layer appears red and the acid layer appears
greenish yellow fluorescent this indicates the presence of sterols.

2.29 Testfor tannins

Ferric chloride test —1 ml of plant extract diluted with distilled water in 1:1 proportion them 2
4 drops of 1 N ferric chloride solution was added. Black color formation indicates the presence
of tannins.

2.2.10 Test for glycosides

Leibermann’s test — In a mixture of Iml of acetic acid and inl of chloroform, 1ml of plant
extract was added. Then coneS@y was added drop wise. The green color formation indicates
the presence of glycosides.

Salkowski’s test- 2 ml of conc. HSQy was added drop wise to the plant extract. The reddish-
brown color formation indicates the presence of glycosides.

2.3 Total Phenolic Content

The total phenolic content in extracts was determined by Folin- Ciocalteu method [7]. Total
phenolic content in extract presentimilligram Gallic Acid Equivalent (GAE).

2.4 Total Flavonoid Content

Total flavonoid content in plant extracts were estimated by method described bgttahlifS].
Total Flavonoid content in extracts presented as milligram Quercetin equivalent.

2.5 Total Protein Content by lowry’s method

The total protein content was evaluated by Lowry et al. [8] using BSA as a standard. The total
protein content was expressed in mpbof extract.

2.6 Total Reducing Sugar Content by DNSA method

Determination of total reducing sugar content was done by DNSA method using glucose as a
standard. The total reducing sugar content expressed mlmféxtract.

2.7 Antioxidant activity
2.7.1 DPPH radical scavenging activity

The DPPH free radical scavenging activity of extract was determined using methods described
by Nguemfo et al. [9]. Briefly, hl of 1 mgml extract/Ascorbic acid add to 3 ml of a DPPH
solution (0.004 % in methanol). Then mixtures were incubated in dark for 30 min. After
incubation absorbance was reamtcat 517 nm in a spectrophotometer using solvent as blank.
The percentage inhibition of the DPPH radical calculated for extract and Ascorbic acid according
to formula:

% Inhibition = [Ac — A¢] Ac x 100

Where, ‘A’ is the absorbance of the DPPH controt at0 min and‘A¢’ is the absorbance in
presence of Extract/Ascorbic acid at a particular concentration at t = 30 min.
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2.7.2 Nitric oxide radical scavenging activity

The Nitric oxide radical scavenging activity was evaluated by the method describe by Gangwar
et. al., (2014) [10].1mg/ml of extract/Ascorbic acid added in @l of 10 mM Sodium
Nitroprusside (prepared in 0.5 M phosphate buffer (pH 7.4)). Mixtures were incubated for 150
min at 28C then1.0mIGriess reagent [(0.33% sulfanilicacid in 20% glacial acetic aciaj df
naphthylethylenediamine dichloride (0.1% wi/v)] was ad@mkctrophotometrically absorbance
was measured at 546 nm. Thenitric oxide radical inhibition was calculatedusing
followingformula:

% inhibition of NO radical= (A— A;) /Ao X 100

Where, A is the absorbance before reaction antAhe absorbance after reaction.

2.8 Detection of phytochemicals by LC-HRMS

LC-HRMS/MS phytochemical profiling was performed on an Agilent6540 UHDUHPLC system
diode array detector and electrospray ionization-quadrupole-time of flight mass spectrometer
(ESI-QTOFMS). An Agilent zorbax SB-C18 (150 X 0.5 mmpu)5column was used. The
following gradient use: 0.1% formic acid in water (A), 0.1% formic acid in methanol (B).
Injection volume was 1@, flow-rate was 0.5ml/min. ESI-Q-TOF-MS analysis was done in
positive ionization mode with mass range 100-1700 m/z [11-12].

2.9 Cytotoxicity capacity by MTT assay

Cytotoxicity of I. campanulata plant extracts was evaluated by using the method described by
Abubakar et al. [13] and Ihmaid et al. [14] with modification. Cells with the concentration of 1 x
10%ellsml incubated in culture medium for 24 h at37°C with 5% CO2. InulL@lture
medium, cells were seededl x1CGcels/well with the sample (1Q0/ml) concentration 10, 40,

100 pg/ml. DMSO (0.2% in PBS) & cell line incubated in wells as control. To know the control
cdl survival and percentage of live cells after cultaoatrols were maintained. The incubation

of cell cultures was done for 24 h at 37°C and 5% CO2 in CO2 incubator (Thermo
scientificBB15Q. Medium was completely removed after incubation, 200f MTT reagent
(5mg/min PBS) was added and cells were incubated for 4 hrs %@t i87 CO2incubator.
Formation of formazan crystals in the wells was observed under microscope. Viable cells
reduced yellowish MTTinto dark colored formazan. After incubation medium was removed
completely and 2Qdof DMSO added. Then kept for 10 min and again incubated %t 37
(wrapped with aluminium foil). Absorbance of each sample was measured by a microplate reader
(Benesphera E21) at a wavelength of 550 nm. The percent inhibition was calculated by using
formula:

% Inhibition = [A(control)- A (extract/Standard)/ A(control)]* 100

3. RESULTS & DISCUSSION

The extraction oflpomoea campanulata leaves were done by methanol (IC-Me) and ethyl
acetate (IC-EA) solvents. For to know the presence of primary metabolites such as amino acids,
carbohydrates, proteins, and secondary metabolites such as phenolics, flavonoids, saponins,
tannins, terpenoids, glycosides, and anthraquinones etc. qualitative phytochemical tests were
performedTable-1 shows the results of the qualitative phytochemical analysis.
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Table-1. Qualitative phytochemical analysis of. campanulata leaves extract.

(+) Present, (-) Absent.

Constituents Test I.campanulata
IC-Me IC-EA
Alkaloids Test for alkaloids + +
Anthraquinones| Test for anthraquinone| - -
Proteins and Ninhydrin test + +
amino acids
Saponins Foam test + +
Flavonoids )H2S04 test + +
i)Aluminum  Chloride| + +
test
Phenols Ferric chloride test + +
Terpenoids )H2S04 test + +
ii)Salkowski’s test + +
Sterols Test for sterol + +
Tannins Ferric chloride test + +
Glycosides i) Leibermann’s test + +
i1)Salkowski’s test + +

The phytochemicals like phenolic, flavonoids, proteins and

reducing sugars were analysed

guantitatively.Table-2 shows the results of the quantitative phytochemical analysis.

The antioxidant activityof. campanulata leaves extracts were evaluated using DPPH & Nitric
oxide free radical scavenging method.Ascorbic acid was used as a stdiadded3 represents
the results of in-vitro Antioxidant activity.

Table-2. Analysis of total content of Phenolic, Flavonoid, Protein & Reducing sugar in
| pomoea campanulata leaves extract. Results were presented as Mean + SD.

Sample I.  campanulata

(1 mgii) IC-Me ICEA

Total Phenolic content (Gallic ac| 0.440+ 0.09 0.380+ 0.08
equivalent inmghl)

Total Flavonoid content (Quercet 0.071+ 0.002 0.057+ 0.002
equivalent in mghl)

Total Protein content 0.013+ 0.004 0.022+ 0.006
Total Reducing sugar content 0.077+ 0.009 0.092+ 0.015

Table-3. Antioxidant activity of | pomoea campanulataplant leaves extract. Results were

presented as Mean + SD.
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Antioxidant
Sample DPPH Free Radicg NO radical Scavanging assay,
1mgiml scavenging (% inhibition) | (% inhibition)
Standard 74.46%1.62 78.12 2.55
(Ascorbic acid)
IC-Me 68.75+1.08 56.25+5.10
IC-EA 67.15+0.76 60.9316.93

The phytochemicals detected framcampanulata methanolic leaf extract by using the
LC-HRMS/MS method are presented Table-4. The greater number of compounds detected
from phenolic, flavonoid, terpenes and terpenoids group.

Cytotoxicity analysis was done by MTT assay. The results of MTT assay are represented
in Table-5.

The methanolic extract df campanulata showed a significant inhibition for HepG2 and
MCF7 cells.

Table-4. List of bioactive components detected by LC-HRMS/MS in methanolic extract of

|. campanulata.
Molecular

Sr.No | Name of compound | RT Mass M/Z Formula
1 Sebacic acid 0.49 202.1207 202.1444 C10 H18 O4
2 Pirbuterol 0.64 240.1477 241.1549 C12 H20 N2 O3
3 Trolamine 0.66 149.1058 132.1025 C6 H1I5 N O3
4 Brusatol 6.52 520.1952 503.192 C26 H32 011
5 Myricitrin 6.57 464.0956 465.1032 C21 H20 012
6 Quercetin 7.05 550.0964 551.1039 C24 H22 015
7 (¥)-Taxifolin 7.2 304.0586 287.0554 C15H12 O7
8 Hymenoxon 8.11 282.1466 283.1539 C15 H22 O5
9 Zingerone 9.78 194.095 195.1024 Cl11 H14 O3
10 Sarcostin 1025 382.2358 365.2326 C21 H34 06
11 Ricinoleic acid 11.36 298.2511 298.2744 C18 H34 O3
12 Populin 11.68 390.1318 373.1284 C20 H22 O8
13 Sphinganine 11.7 303.1473 302.3059 C18 H39 N O2
14 Heliotrine 11.75 313.1891 296.1857 C16 H27 N O5
15 Embelin 12.85 294.1834 277.1801 C17 H26 O4
16 Phytol 14.06 296.3082 314.3421 C20 H40 O
17 Graphinone 14.99 296.1624 279.1592 C16 H24 O5
18 Misoprostol 17.12 382.272 365.2695 C22 H38 O5
19 Lutein 20.53 568.4285 551.425 C40 H56 O2
20 Typhasterol 23.58 448.3561 431.3529 C28 H48 O4
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Table-5. Results of cytotoxic activity on HepG2 and MCF7 cell lines with methanol extract
of |. campanulata.

MTT assay

Sample | Concentration | Mean absorbance | HepG2 cell lines| MCF7 cell lines
(ng/ml) HepG2 | MCF7 (% inhibition) (% inhibition)
Control 0.973 1.538

5FU 10 0.233 0.731 76.05 52.47

(Std) 40 0.214 0.673 78.00 56.24
100 0.156 0.633 83.96 58.84

IC-Me |10 0.773 0.653 20.55 57.54
40 0.657 0.589 32.47 61.70
100 0.425 0.523 56.32 65.99

4. CONCLUSION

The present study reveathat,l. campanulata has a wide range of secondary metabolites with
the higher phenolics and flavonoid content. Theampanulata plant extracts showed the
remarkable Antioxidant and cytotoxic activities. The confirmation of bioactive componeits in
campanulata was done by.C-HRMS profile. Hencel. campanulata can be act as a good source
of the bioactive components. Exploitation and further studids @inpanulata plant may help

in identifying and purifying crude drug for medicinal use.
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