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Institutional Policy for Seed Grant 

Regulations and Guidelines for Institutional Seed Grant to Faculty 

Institutional Seed Grant (SG) has been provided for the support to the faculty for the purpose 

as specified in the scope, and in tune with the institution's research and development. The 

ISG shall be provided through the annual budgetary allocation from the internal resources. 

SCOPE: Institutional Seed Grant (ISG) policy is intended to support faculty for developing 

innovative research proposals, novel ideas for new methodologies/Protocols /models/ 
algorithms /technologies, collecting preliminary data, conducting pilot or preliminary 
activities, testing proof-of-concept, and Reframing/rewriting grant proposals which have not 
been funded by external agencies but were peer-reviewed and received 

comments/suggestion, besides promoting inter- and intra-departmental, intra-institutional 
collaborations. Research proposal should be based on defined thrust areas/local 
problems/areas of research with national priorities. The funds may be used for supplies, 
minor equipment's, travel for data collection, grant writing assistance, or other needs 

associated with proposal development. 

PURPOSE: Seed funding is crucial for helping faculty to start innovative research projects and 

collect preliminary data necessary to secure extramural funding. This investment approach 
can pay dividends when targeted to the project proposals with strong leads and likelihood 

of future success. Seed grant should be carefully distributed to The Principal Investigator

(PI) in order to maximize the possibility of securing a big extra-mural funding as a major 

project. 

ELIGIBILITY: Institutional Seed Grant (ISG) scheme will provide financial assistance to all 

Faculty (Associate Professor/Assistant Professors) as a Seed Grant for Minor Research 
Projects approved by expert committee duly constituted by the Principal following standard 
guidelines. 

A faculty member can avail only one such research project/grant as a Principal Investigator at 

any given time. The ongoing project must be successfully completed before the next 

proposal is submitted for consideration. Principal Investigator shall be solely accountable 
for successful completion and /or the failure of the said project. Any violation of the 

prescribed norms wll lead to debarring from participation in ISG Scheme in future. 

RESEARCH oUTCOME (Deliverables): The Principal Investigator is required to publish reserch 

articles in a peer-reviewed indexed (SCI/Scopus/uGC CARE) journal and/or publish a 

Book/Book Chapter and also present the work in any National/International 
Conference/Seminar, etc. from the research work c�rried out in the said project before its 

completion. 
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NATURE OF ASSISTANCE: The quantum of assistance for a research project is for 

recurring/non-recurring expenses. 

ti) Books and Journals: The books & journals grants may be utilized to procure 
the essential books & journals needed for the proposed research work. The 

books& journals acquired by the Principal investigator under a Minor 
Research Project will be the institutional property and must be accessioned in 

Central Library and deposited back either in the central/ department library 
of the Integral University after the completion of the project. 

(i) Contingency: The admissible contingency grant may be utilized for laboratory 

chemicals/glass ware/plastic wares/ minor equipments, softwares, spares for 

equipment's, Xerox, stationary, postage, outsourcing of experimental analysis, 

data analysis, computation and printing needed, etc. for the project. 
(ii) Travel and Field Work: The amount allocated under the head travel/field work 

is to be utilized for data collection and collection of other information such as 

documents and visit to libraries within the general scope and sphere of the 

ongoing project. 
(iv) Duration of Project: The tenure of the research project will be for a period of 

One-Year from the date of issue of the sanction letter. 

PROCEDURE FOR ÁPPLYING: All faculty may submít their Minor Research Proposal 
applications for Seed grant during the notification announced by the principal. 

Screening and processing for internal peer review througha duly constituted research 

committee with nominated subject experts on board. 

PROCEDURE FOR APPRoVAL: The duly endorsed project assessment report and the 

funding along with recommendations of the Committee shall be submitted to the 
pricipal for administrative approval. The Sanction letter shall be issued for the 
approved research proposals for seed grant to concerned Pls from the principal office. 

The Project shall be not transferable in any case, and if the Principal Investigator fails 
to complete the project due to his negligence, he/she will be liable to refund the entire 

amount released. 

PROCEDURE FOR RELEASE OF GRANTS: The PI has to submit research report duly 
counter-signed by the concerned HoD along with the Utilization Certificate & 
Expenditure Statement and hard and soft Copies of the final report of project along 
with deliverables in form of Publications. In case of any misappropriation of funds strict 

action shall be initiated and if proven guilty, the entire amount released as Seed Grant 
shall be recovered. 
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SEED MONEY 
Budget and expenditure statements signed by the Finance Officer indicating seed money 

provided and utilized 

This is to certify that the following sums of amounts have becn carmarked and utilized as 

Grants towards Rescarch Seed Moncy during the academic ycar 2020-2021, 2019-2020, 

2018-2019, 2017-2018 and 2016-2017 respectively: 

Year Amount Sanctioned (Rupees) Amount Utilized (Rupees) 

2020-2021 2,00,000 2,00,000 

2019-2020 2,50,000 2,50,000 

2018-2019 3,00,000 3,00,000 

2017-2018 2,65,000 2,65,000 

2016-2017 2,50,000 2,50,000 

Total 12,65,000 12,65,000 

Total amount Sanctioned Rupees Twelve Lakh Sixty Five Thousand only 

Total amount Utilized Rupees Twelve Lakh Sixty Five Thousand only 
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UGC Act 1956 
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SEED MONEY GRANT- UTILIZATION CERTIFICATE 

Name of the investigator & Designation :Dr. M. SARANYA 

Name of Department :PG &Rescarch Department of Chemistry 

Title of the proposed Work Synthesis, Characterization and Antimicrobial activity of some 

Metal Complexes of Hexancdioic acid 

Duration of the Research Work : One ycaar 

This is to certify that sum of Rs. 50,000/ sanctioned by the Mahendra Educational Trust 

for carrying out above mentioned research project under Seed Money Grant has been utilized for 

the purpose for which was sanctioned. 

Date: 15/03/2021 

hYestigatof 
Dr. M. SARANWAEs.Phil.Ba.D. 

Assistant Professer 
Koo, Dith seal) 
KOD, D it of Chemictn, iAHENDRA ARTS & SCIENCE COLLEGK 

Head ofthe Depained Priteipal 
PRINCIPAL 

Mahendre Arts and Science Colleg 
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Kalippattl, Namakkal (Dt), 
TemilNadu-637 50T. 

ANEND.A ARTS SCLNCE COLLEGI
lippatt (O.), Namaktel (DL} alionatti (PO)- 637 501. Namakkal (DT| 

(Autonomous) 

To be filed by the Research Committee 
Certified that the I have satisfied myself that the conditions on which the grand-in- 

aid was sanctioned during the academic year have been duly fulfilled and that we have 

exercised the checks as are found necessary to ensure that the money was actually utilized 

for the purpose for which it was sanctioned as per data is furnished above. 
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EAENDRA ARTS & SCIENCE COLLEGE (AUTONOMOUs) 

AFFLIATED TO PERIYAR UNIVERSITY, SALEM 

ACCredited with Grade 'A' by NAAC & Recognizcd u/s 2() and 12(B) of the UGC ACt 

1956 

KALIPPATTI- 637 501, NAMAKKAL (DT), TAMIL NADU. 

Synthesis, Characterization and Antimicrobial activity of some Metal Complexes of 

Hexanedioic acid 

1. Introduction

Metal- organic frameworks (MOFs) are porous and crystalline compounds

containing of coordination networks between metal ions and multidentate organic ligands. Over 

the past decade, MOFs are among the most exciting advancements in materials science and solid 

state chemistry. The sum of the physical properties of the inorganic and organic components and 

the possible synergistic play between the two provide intriguing properties for a MOF. 

Supramolecular systems based on coordination compounds have received much attention 

because of their potential use as sensors, probes, photonic devices, and catalysts and in host- 

guest chemistry. In applications as electrocatalysts or photocatalysts or their precursors, MOFs 

offer several advantages, such as high design flexibility, tunable pore channels, large surface-to- 

volume ratios, flexibility to be functionalizcd with various ligands and metal centers, and rich 

compositions. The metal centers separated by organic linkers in MOFs can be considered as 

quantum dots; consequently, short difusion lengths of the charge carriers can be achieved during 

the electro catalytic and photocatalytic reactions. 

2. Objectives of the proposal 

The study of the ligands havingN and N donor atoms has got much attention due to 

their flexible conformations und coordinating ability, the N- donor ligands construct flexible 

framework of coordination polymers. Chelating ligands -2,2 Bipyridine and1,10 Phenanthroline 
are rigid planar, hydrophobic and have extensive applications in homogeneous organic catalysis. 
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According to our knowledge among various bidcntate there is no reports in N,N-chelating ligand

rvith hexanedioic acid.

The main scope of the project is,

i).

i i).

iii).

iv).

v).

\.i).

To be sltrthesis the Some copper metal complexes.

To be calculate the magnetic moment of the complex.

To be study the effect of microwave radiation on these complex.

To be determine the crystal structure of the complex.

To be identify the probable structures for all complexes.

To be identify the antimicrobial activity against Escherichia coli, Staphylococcus

aureus, Psewdomonas aeruginosa, Aspergillus niger und Candida albicans"

Relevance of the project

N,letal complexes with N, N ligand are prepared by condensation rnethods which is

already reported in literature.

3. Methodology

OH + M(NO3)2 . 2H2O +

1 ,1O phenanthroline
adipic acid

o

Synthetic Pathways of the formation ofmetal complexes of hexanedioic acid

o

st-
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Studies of metal complexes 

The study results showed synthesis, structural studies and biological assays of newly 

synthesized metal complexes. 

UVVisible -Spectrometer
FT-IR 

Single crystal X- Ray Diffraction 

Mass Spectrometer
TGA/DTA 

Cyclic voltammogram.
Mass Spectrometer 

4. Summary 

In this work a Metal(I) complex concert with adipic acid and corresponding bidentate is 

chelating N.N' ligands have been synthesized and characterized. It forms complex in 1:1:l ratio. 

The N,N ligand coordinates in a bidentate chelating manner, two phen/bipy- nitrogen atoms and 

two adipate oxygen atoms forming the coordination complexes. These metal complexes

showed Antibacterial activity against Klebsiella pneumoniae among the chosen bacterial strains. 

References
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SEED MONEY GRANT -UTILIZATION CERTIFICATE 

Name of the investigator &Designation :Dr. T. Selvankumar 

Name of Department :PG &Research Department of Bio-Technology 

Title of the proposed Work Potential COVID-19 Drug from Natural Phenolic 

Compounds through In Silico Virtual Screening 

Approach 

Duration of the Research Work Two year 

This is to certify that sum of Rs. 1,25,000/ sanctioned by the Mahendra Educational Trust for 

carrying out above mentioned research project under Seed Money Grant has been utilized for the purpose 

for which was sanctioned. 

Date: 22/04/2020 
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Potential COVID-19 Drug from Natural Phenolic Compounds through In Silico 

Virtual Screening Approach 

1. Introduction 

Corona virus is derived from Greek word "korone" means crown shape which refers to 

the characteristic appearance of virus particle with spike protein in their enveloped surface. 

Corona viruses are group of viruses causing diseases in birds and mammals including hu an 

Corona virus is divided into four main types they are alpha, beta, gamma and delta belonging 

to the family of Coronaviridac. Human corona viruses cause infection in respiratory tract 

which ranges from mild common cold like rhino virus to lethal severe acute respiratory 

syndrome like SAR, MERS and COVID-19 belonging to the Beta Corona virus. Basically, 

Corona viruses possess positive sense single stranded RNA as a genetic material with bound 

nucleocapsid, which is further enveloped by glycoprotein (Alzohairy et al., 2016). The 

genome size of corona viruses ranges from 26 to 32 KB in size. In 2019 December, several 

mysterious pneumonic cases were reported in Wuhan city of China. Later it was identified 

and related to Corona virus family named as SARS-CoV-2 or 2019 novel Corona virus.

WHO officially named the SARS-CoV-2 viral disease as COVID-19 (Shaha et al., 2020; 

Joshi et al., 2020). Phylogenetic analysis of SARS-CoV-2 is a new type of beta corona virus

family and it closely resembles Bat SARS corona virus (96% similarity) than the SARS-Cov 

(79.5% similarity) which indicate it may originate from bat. So far there are no antiviral 

drugs and vaccine identified for SARS-CoV-2. It infects humans through its spike (S) protein 

with human ACE2 receptor (Thyagarajan et al., 1988). 

Phenolic compounds are uniformly dispersed phytochemicals contained and abundant in 

any tissue of most plant families around the world, especially in fruits and vegetables that are 

part of the plant. Phenolic compounds are classified based on their chemical structures into 

phenolic acids, flavonoids, tannins, coumarins, lignans, quinones, stilbenes, and 

curcuminoids. Phenolic compounds are synthesized through the shikimic acid pathway in 
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plants as secondary metabolites are generally involved in plant adaptation to environmental 

stress conditions. Phenolic and flavonoids compounds are secondary metabolites of the plant 

that possess an aromatic ring with at least one hydroxyl group. Among the chemically diverse 

natural therapeutic agents, flavonoid and phenolic compounds were the most promising 

active compounds against SARS-CoV-2, due to their excellent pharmacokinetic properties. 

2. Objectives of the proposal 

The present study was focused on the aim of sereening potential drug candidates for 

COVID-19 from phenolic compounds. 
Thirty-five natural phenolic compounds were selected. 

Molecular docking - AutodockVina (version 4) was employed for the present study. 

3. Methodology 

Compounds selection and preparation for study

A list of thirty-five natural phenolic compounds was selected from the previous 

literature survey and taken for our in silico virtual screning study. 2D structures of phenolic 

compounds were retrieved from PubChem, a database of chemical molecules. 

Drug likeliness of phenol and flavonoid compounds 

Drug Likeliness nature of 35 selected natural phenolic compounds was analyzed using 

the Swiss ADME online server. 

Molecular docking 

AutodockVina (version 4) was employed for the present study, and the calculations 

were carried out by Autodock tools(Trott et al, 2010). Totally three viral targets protein from 

SARS-CoV-2 and 35 phenolic and flavonoid compounds were taken for our study. 

Significance of the study 

Phytochemical compounds virtually present in every food substance, so nutritional 
supplements of these fruits and vegetables with these compounds act as best warriors to 

combat COVID-19. Further, the molecular mechanism behind the inhibition of SAR-CoV-2 

viral proteins with these compounds. 
4. Summary 

The present study supported that three phenolic compounds, such as Quercetin, 
Rosmrinic acid, Hesperitin,show good binding affinity with SARS-CoV-2 viral protein 
targets. It possesses an excellent physicochemical and pharmacokinetic property, which may 

best suitto treat COVID-19 using these phenolic drug candidates. Moreover, it is very useful 

in COVID19 treatment practices, and it could act as nutritional supplements of phenolic plant 
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sources that may promote the immune system of the body to combat COVID-19. Further, in 

vivo screening of these drug candidates will explore the molecular mechanism of its action 

against SARS-CoV-2 viral protein targets (Wu et al., 2020; Zhang et al., 2020). 
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Abstract: SARS CoV-2 causes a world pandemic disease called COVID-19. In the present study. 

natural phenol and flavonoid compounds from food sources are used to search for effective drug 

candidates for treating novel coronavirus 2019. Thirty live natural phenolic compounds were taken for 

our study. Four levels of in silico virtual sereening (Drug likelincss. Docking study. ADME, and DET 

analysis) was carried out to find elfective drug candidate against SAR-CoV-2. 23 Compounds were 

shortlisted from 35 compounds by preliminary Drug likeliness screening carried out according to five 

different drug rules. A docking study of 23 compounds against three viral protein targets of SAR-CoV- 

2 reveals four best-docked compounds. such as Quercetin (CID 5280343). Rosmarinic acid (CID 

5281792). Hesperidin (CID 72281). and Naringenin (CID 932). Finally. these four phenoliccompounds 
were subjected to final in silico sereening steps such as ADME and DFT analy sis. These compounds 

were considered as the best drug candidate for SARS CoV- 2. These four selected phenolie compounds 

show beller binding affinity with SARS-CoV-2 viral protein targets. which also possess exeellent 

phy sicochemical and pharmacokinctic properties. Moreover. these compounds virtually present in 

every food substance. so nutritional supplements of these fruits and vegetables with these compounds 

act as best warriors to combat COVID-19. Further, in viro analy sis is needed to explore the molecular 

mechanism behind the inhibition of SAR-CoV-2 viral protcins with these compounds. 

Keywords: COVID-19; Hesperitin; Naringenin; Rosmarinic acid; SARS CoV-2; Quercetin. 
2020 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative 

Commons Atribution (CC BY) license (htps://ereativecommons.org/licenses/by/4.0/). 

1. Introduction 

Severe Acute Respiratory Syndrome Corona Virus -2 (SARS CoV-2) emerged from 

Wuhan city, Hubei Province, China, as an unidentified pneumonia disease in Decembe 

Afterward, it is confirmed as a novel coronavirus (nCoV-2019) that causes a world pandemic 

disease called COVID-19 through intemational air passengers. Coronavirus is one of the largest 
families of the virus, SARS CoV-2 belongs to the beta coronavirus type, and it possesses a 

crown-like spike structure in its surface. It can spread the COVID-19 disease to nmore than two 

hundred countries, and last, it lasts more than the past six months. The higher mutation rate of 

SARS CoV-2 may be the reason behind it that can survive the spread and cause diseases in all 

races of the human population. There is no proper medication and treatment for COVID-19. 

2019. 
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As of 6h June, COVID-19 counts 6.5 million infected cases with 3 milion recovered cases and 
0.38 million deaths worldwide [1]. 

The sequence similarity of SARS-CoV-2 with the Bat coronavirus revealed that 96.2% 

resemblance, whereas another study showed that the coronavirus from the pangolin snake 

99% sequence similarity with SARS-CoV-2 [2,3]. It proves that SARS CoV-2 may be 

aroused from natural hosts such as a bat or pangolin snake. The basic reproduction number (Ro) 

refers to the average number of secondary infections produced by patients to a susceptible 

population without intervention [4]. R° is varied among the different viral strains. The novel 
coronavirus 2019 possesses R° value of 2.47-2.86 [5]. Patients with existing other clinical 

diseases are more susceptible to SARS-CoV-2 because of their poor immune system to combat 

COVID-19 has a higher risk to recover may leads to death [6]. Therefore one thing that is 
considered important to combat COVID-19 is boosting the immune system of every individual 
with food and other natural product supplements [7,8]1. Drug candidate from natural origin 

shows a valuable source for rapid and safe drug discovery for SARS-CoV-2. 

Phenolic compounds are uniformly dispersed phytochemicals contained and abundant 
in any tissue of most plant families around the world, especially in fruits and vegetables that 

are part of the plant. [9]. Phenolic compounds are classified based on their chemical structures 

into phenolic acids, flavonoids, tannins, coumarins, lignans, quinones, stilbenes, 

curcuminoids. Phenolic compounds are synthesized through the shikimic acid pathway in 
plants as secondary metabolites are generally involved in plant adaptation to environmental 
stress conditions. Phenolic and flavonoids compounds are secondary metabolites of the plant 

that possess an aromatic ring with at least one hydroxyl group [10]. Among the chemically 

diverse natural therapeutic agents, flavonoid and phenolic compounds were the most promising 
active compounds against SARS-CoV-2, due to their excellent pharmacokinetic properties 

[11,12]. 

and 

Phenolic related compounds have been reported to possess numerous biological 

activities such as antioxidants, anti-cancer, anti-inflammatory, antibacterial, cardioprotective 
and immune system promoting activities [13-16]. Several studies have shown that phenol and 
flavonoids related compounds from medicinal plants increases human health and boost human 

immune power [17,18]. Natural polyphenolic compounds are mainly derived from plant 
origins. These phenolic and flavonoid class of compounds possess antiviral activities against a 
number of viruses such as rhinoviruses, hepatitis C virus, HIV, yellow fever, herpes simplex 

virus, and influenza viruses [19]. Nowadays, pharmacology companies manufacture potential 

drug molecules in a short period of time with the aid of most fascinating bioinformatics tools 
and applications [20]. The present study was focused on the aim of screening potential drug 
candidates for COVID-19 from phenolic compounds. 
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A list of thirty-five natural phenolic compounds was selected from the previous 
literature survey and taken for our in silico virtual screening study. 2D structures of phenolic 
compounds were retrieved from PubChem, a database of chemical molecules (Table 1). 2D 
SDF file format was submitted to "Online SMILES convertor and Structure file generator" and 

converted into standard 3D PDB format for further in silico analysis {21]. 
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2.2. Drug likeliness of phenol and flavonoid compounds. 

Drug Likeliness nature of 35 selected natural phenolic compounds was analyzed using 
the Swiss ADME online server [22]. Drug likeliness of the compounds was examined by the 

Swiss ADME server based on Violations of five different rules of drug likeliness such as 

Lipinski, Ghose, Veber, Egan, and Muegge. The screened compounds possessing having zero 

and single violations of compounds is taken to the next levels of in silico virtual screening. 

Lipinski rule is based on the values of MLogP, Molecular weight, No of Hydrogen bond 

acceptors, and donors less than 4.15,500, 10 & 5, respectively. Ghose filter based on values of 

WlogP, Molar Refractivity, Molecular weight, and Number of atoms (-0.4 to 5.6, 40-130, 160- 

480, 20-70, respectively. As per the Verbier rule of drug likeliness, the molecule should have 

a rotatable bond count and TPSA less than 10 and 140, respectively. Egan rule is based on 

WLogP and 1TPSA values less than 5.88 and 131.6, respectively. Muegge Druk likeliness rule 

is based on molecular weight (200-600), XLogP (-2 to +5) TPSA (<150) No of rings (<7) No 

of carbon and hetero atoms is more than 1&1 whereas No of rotatable bonds, H bond, and the 
donor should be less than 15, 10 & 5 respectively. 

2.3. Viral target protein. 

Corona viral protein targets such as Spike proteins, Main Protease, and RNA dependent 

DNA polymerase from nCOV-2019 is taken for our in silico docking work. 3D crystal 

structures of Spike proteins, Main Protease, and RNA dependent DNA polymerase Targets of 

nCOV-2019-6M3M,6LU7,7M71 respectively, were retrieved from Research Collaboratory of 
Structural Bioinformatics - Protein Data Bank (www.rcsb.org) using their PDB ID [23]. 

2.4. Molecular docking. 

Autodock Vina (version 4) was employed for the present study, and the calculations 

were carried out by Autodock tools [24]. Totally three viral targets protein from SARS-CoV-2 

and 35 phenolic and flavonoid compounds were taken for our study. The grid map for docking 

of protein binding pocket was calculated using the Auto grid. The grid size for x, y, and z points 
of dimension was set for each viral target protein is as follows; 6M3M -87x66x71, 6LU7-

52x67x88 6M71-79x84x106. The auto grid was used to set the grid points space (0.375 A) for 

all the viral protein targets. Other parameters of docking such as docking assessment (~ 10 

times), population size (150), energy evaluation (maximum number 250,000) generations 

(maximum number 27,000), rate of mutations (0.02), rate of cross-over (0.8), and other 
parameters of docking were set to default values sing the autotor utility ofthe auto dock tool. 

Docking results pose, and the 2D interaction plot of the viral target protein with ligand was 

analyzed using receptor-ligand interaction options in Discovery Studio v2.5. 

2.5. ADME calculations. 

PreADMET web-based application is used to determine the pharmacokinetic properties 
of the best docking scored phenolic compounds. PreADMET predicts the various 

pharmacokinetic parameters associated with ADME behavior of phytocompounds such as 
absorption, bioavailability., and metabolism profile of the drug candidate. 
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2.6. DFT analysis. 

DFT analysis provides HOMO-LUMO orbital energies of the compound, which will 

give the values of molecular electrostatic potential (MEP) that indicates the electrophilic and 

nucleophilic reactive sites of the compounds and the energy gap. The DFT calculations were 

performed for phenolic phytocompounds and were done using functional B3LYP with 6-31IG** 

basic set in Gaussian 09. The important parameter, HOMO-LUMO, orbital energies that are 

used to assess the ionization energy, electron affinity, electronegativity, electronic chemical 

potential, molecular hardness, softness, and electrophilicity index are calculated to reveal the 

compounds stability and chemical reactivity. 

3. Results and Discussion 

3.1. Drug likeliness calculation. 

Drug likeliness calculations for 35 natural phenolic and flavonoids compounds were 

done using the Swiss ADME server, and their results were presented in Table 1. Five different 

rules, such as For drug likeliness measurement of natural phenolic compounds Lipinski, Ghose, 

Veber, Egan, and Muegge, are considered. For the next step of silico sampling, out of 35 

compounds, 15 compounds with zero infringement against five laws, 5 compounds with a 

single infringement in a single law, 3 compounds with a single infringement in two rules were 

picked. Selected 23 compounds from drug likeliness calculations are subjected to docking 

study against three different viral protein targets of SARS-CoV-2. 

Table 1. Drug likeliness calculation for selected phenolic and flavonoids compounds against SARS CoV-2. 

S.No Compound 
D 

Phenolic Compound 
170.12 12 1 
194.1814| 
180.16 13 
290.27 21 
198.1714 

164.16 12 
138.12 10 

|138.12 10 1L 
154.12 11| 
174.15 12|_ 
192.1713 
254.24 19| 
354.31 25 
168.15 12 
154.12 11 
228.24 17 
226.2717 
286.24 21 11 
610.52 43 6 16| 
286.24 
302.2422 
360.31 
290.27| 21 
224.21 16 
268.2620 
270.24 20 
270.24 20 
302.28 22 

272.25 20 1 
318.24 23 

306.27 2 

4 39.47| 97.99 0.7-0.16 
51.63| 66.76 151| 1 
3 47.16 77.76 1.15| 
5 74.33 110.38 0.36| 0.24 
2| 48.41| 75.99 1.04 0.49 

45.13 57.53 1.46 1.28 
2 35.42| 57.53 1.58 | 0.99 

35.42 57.53 2.26 0.99 
3 37.45 77.76 1.74 0.4 

38.43 9799 -1.72|1.43 
40.11118.22-2.37-2.14 
71.97| 70.67| 3.52 1.08 
83.5 | 164.75 -0.42|-1.05 

2| 41.92 66.76 1.43 0.74| 
| 37.45 77.76 
|67.88 60.69 

66.24 29.46 2.84 2.54 

76.01| 111.13_ 
10 141.38 
4 76.01| 111.13| 2.53-0.03 
5 78.03| 131.36 1.54-0.56 

91.4 144.52 2.36 0.9 
74.33 110.38 0.36 0.24
58.1275.99 1.46 0.73 
76.43 59.67 2.8 1.33 

73.99 L 90.9 2.67 0.52 
73.99 90.9 3.02 0.52 0 
78.06 
71.57 86.99| 2,520.71 
80.06 151.59 HHHANDRA ARTS 80 SCIENCE COLLi 6 76.36| 130.61| 0-0.29| (Autondmous 

1.| Gallic acid 
2. | Ferulic acid_ 
3. Caffeic acid 
4. Catechin_ 
5. Syringic acid 
6.| Coumaric acid 

370 
445858 

689043 
9064 

10742 
637542 

7. Hydroxybenzoic acid135 
338 
3469 
8742 

6508 
5281607 
1794427 
8468 
12 
445154 

3707243 
5280863 
5280805 
5280445 
5280343 
5281792 
72276 
637775 
5280378 
5280961 
5280443 
72281 
932 
5281672 
72277 

0.7 

8. Salicylic acid 
9. Gentisic acid 
10. Shikimic acid_ 
11. Quinic acid 

12. Cbrysin 
13. Chlorogenic acid 

14 Vanillic acid 
15. Protocatechuic acid 

16. Resveratrol 
17. Flavan-3-0l 
18. Kaempferol 
19. Rutin 
20. Luteolin 
21. Quercetin 
22. Rosmarinic acid 
23. Epicatechin 

24. Sinapic acid 
25. Formononetin 
26. Genistein 

27. Apigenin 
28. Hesperitin_ 
29. Naringenin _ 
30. Myricetin_ 
31. Epigallocatechin 

1.15 0.4 0 

1.9-0.03 
269.430.33-3.89 

96.22 2.6| 0.41P NGH 
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S.No Compound 

ID 

Phenolic Compound 
32. Gallocatechin 
33. Theaflavin 
34. Thearubigin 
35. Eriodictyol 

Legend: Compounds in bold letters are taken for the next level of In Silico Docking analysis. 

65084 -0.2 29 
143,98217.6 2.38-0.79 

100945367 902.72 65 12 22 13 216.99 385.26 2.881.74 
73.59| 107.22| 2.02 | 0.166 

76.36 130.61 306.27 
5644 49 

0 

135403798 12 

440735 288.25 21 

The calculation of the physicochemical properties of the many molecules is much 

needed to determine its drugability nature. 90% of compounds with zero violations of the 

Lipinski rule have reached phase 2 clinical status; however, it doesn't guarantee the molecules 

meet drug-ike property. Drug distribution and its excretion mainly depend on the topological 

polar surface (TPSA), so the compounds with TPSA value of 140 or less and ten rotatable 

bonds is considered as a potential drug candidate. A recent research report reveals that natural 

products and its drug likeliness screening has shown that natural compounds following Lipinski 
and Veber's rule can act as drug candidates against SARS-CoV-2 [25]. 

3.2. Molecular docking analysis. 

Docking results for 23 compounds against three different viral protein targets of SARS 
CoV-2 is presented in Table 2. Natural phenolic and flavonoid compounds exhibited binding 

affinity in the range of -5.5 to 9.0 Kcal/mol against three different viral target proteins. The top 

two docks scored compounds from each viral target proteins, and its interactions were 

presented in Table 3.Compound quercetin (CID 5280343) possesses the highest binding 

affinity of-7.7 Kcal/mol with SARS-CoV-2 RNA dependent RNA polymerase (6M71), and 

the amino acid residues of 6M71 show one hydrogen bonding Glu320 and three alkyl 

interactions Val315, Pro461, Pro677 with the phenolic ligand Quercetin. Hesperitin (CID 

72281) shows a docking score of-7.6 Kcal/mol with 6M71 viral protein target having two alkyl 

(Val71, Thr123) and four hydrogen-bonding interactions (Arg33, Ala34, Tyr69, Thr1 20) 
between them. 

SARS-CoV-2 Main protease (MPro) PDB ID 6LU7 highest binding affinity 

8.0Kcal/mol) with the ligand Rosmainic acid (CID 52781792). Mpro viral target protein 
residues show two alkyl Val1 04, Phe294, and five hydrogen bonding Lys102, Glnl10, Thrl11, 

Asp153, Ser 1 58, interactions of with ligand Rosmarinic acid. Another phenolic compound 
Naringenin (CID 932), possess a docking score of -7.9 Kcal/mol against MPro viral protein 
target, and it showed more interactions of three alkyl His41, Met49, Cys145, and six hydrogen 
bonding Tyr54, Leul41, Gly143, Ser144, His164, Glul66 amino acid residues of MPro viral 
target proteins with ligand naringenin. 

The crystal structure of SARS-CoV-2 nucleocapsid protein with the N- terminal RNA 

binding domain shows a better binding affinity with screened natural phenolic compounds. 

Hesperidin (CID 72281) and Quercetin (CID 5280343) shows the top two docking scores of 
-9.0 and -8.8 Kcal/mol with nucleocapsid viral protein target (PDB ID 6M3M) respectively. 
Hesperidin shows four hydrogen-bonding interactions (Leul60, Glnl61, Leul62, Gly165), 

ereas Quercetin shows two alkyls (Thr1 36, Prol 63) and four hydrogen bonding (Leul62, 
Prol63, Gly165, Thrl66) interactions with nucleocapsid protein viral target (Figure 1-6 a & 

b. 

PRINCIPAL 
MAHENDRA ARTS & SCIENCE CoLLEU: 

(Autonomous) 
Kaliopatti (PO)- 637 501. Namakkal (DT 

https://biointerfaceresearch.com/ 10165 



https://doi.org/10.33263/BRIACi13.1016110173 
Table 2. Docking score of phenolic compounds against protein targets of SARS CoV- 2. 

S.No Phenolic Compound Compound ID nCoV-2019 Protein Targets 

6M3M 6LU7 6M71 
-6.3 
-6.5 
-8.5 
-6.0 
-6.1 

8. 

Ferulic acid 
Caffeic acid 
Catechin 
yringic acid 
Coumaric acid 
Chrysin 
Vanillic acid 
Resveratrol 
Flavan-3-ol_ 
Kaempferol 
Luteolin 
Quercetinn 
Rosmarinic acid 
Epicatechin 

Sinapic acid 

445858 
689043 
9064 
10742 
637542 
5281607 
8468 
445154 
3707243 
5280863 
5280445 
5280343 
5281792 
72276 
637775 
5280378 
5280961 
5280443 
72281 
932 
72277 
65084 
440735 

-5.9 
-6.0 

-5.5 
-6.2 

7. -6. 9 

-5.5 -5.5 
-5.9 
-7.2 

-5.6 
-7.2 5 

-5.7 
3 

-5.4 
-6.6 

-5.8 
7.1 
-6.8 -6.7 

I0. -8.6 
-8.7 
-8.8 
-8.5 

-7.6 -7.1 

7.4 -7.4 

-7.4 

-8.0 
-/, 
-7.3 |5. 

-8.6 
-7.1 

-8.4 

-7.1 
-6. 
-7.1 

-7.5 
-5.7 

-6.9 16. Formononetin 
Genistein 
Apigenin 
Hesperitin 
Naringenin 
Epigallocatechin 
Gallocatechin 

Eriodictyol 

T7._ -8.2 
-8.4 
-9.0 

-7.5 -7.5 
18. -7.8 

-7.3 
-1,4 

19. 
20. -8.5 

-8.7 
-8.5 
| -8.5 

-7.9 
-7.4 
-7.1 
-7.4 

-6,9 
-7.4 

Natural compound with therapeutic activity against viral protein target is considered as 
an important antiviral compound class due to its potential capacity to block viral infection at 

an early stage. Emodin and its related anthraquinone derivatives show better blockage of ACE 
I and spike protein interaction, this will leads to the synthesis of anthraquinone based 
derivatives, namely SSAA09E3, with better pharmacokinetic property [26,27]. Investigation 
of Isatis indigotica derived alkaloids and phenolic compounds with Mpro in vitro inhibitory 
action and its potent semi-synthetic isatin derivative developed with Mpro inhibition at a 

nanomolar concentration (0.37mM) [28,29]. 
Epigallocatechin gallate and gallocatechin gallate showed excellet Mpro inhibitory 

activity (1C50 73 and 47mM, respectively) [30]. Ul Qamar reported it screened 32 thousand 
compounds from natural products against 3CLpro shows the most promising action on viral 

target [31]. Some common flavonoids such as Quercetin, apigenin, and luteolin possess better 

in vitro inhibitory activity, and its finding suggested that larger polyhydroxylated compounds 

are more preferable to develop a potent inhibitor for viral protein targets [32]. 

EU160 C161 

mBU162 364 

230 

GLY165 
GL 

GU 

353 870 

165 

Figure 1. Docking pose and interaction plot for Hesperitin (CID_72281) against 6M3M (-9.0 Kcal/mol). 
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Figure 2. Docking pose and interaction plot for Quercetin (CID_5280343) against 6M3M (-8.8 Kcal/mol). 

LYS102 
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A294 
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N110 

Figure 3. Docking pose and interaction plot for Rosmarinic acid (CID_5281792) against 6LU7 (-8.0 Kcal/mol). 
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Figure 4. Docking pose and interaction plot for Naringenin (CID_932) against 6LU7 (-7.9 Kcal/mol). 
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Figure 5. Docking pose and interaction plot for Quercetin (CID_5280343), ugainst 6M71 (-7.7 Kcal/mol). 
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AR033 

Figure 6. Docking pose and interaction plot for Hesperitin (CID_77281) against 6M71 (-7.6 Kcal/mol). 

Table 3. Top two docking scored compounds against three SARS CoV-2 viral target proteins and its interaction. 

S.No Docking Docking 
Score 

No of No of Residues Involved in Alkyl Interactions and Hydrogen Bondingg 
Alkyl 
Bonds 

Complex 
(Target-Ligand)_| -kcal/mol) 
6M3M-72281 
6M3M-5280343 

H 

Bonds 
-9.0 Leul60* Glnl61*,Leul62*,Gly165* 

Thr136.Leul62* Prol634.Gly 165* Thr166 
Lys102*,Val 104,Ginl 10,Thr111* Asp153 Serl58 Phe294 
His41 Met49,Tyr54" Lcul41*.Gly143* Ser144* Cys145, His 1 64 Glul66 
Val315,Glu320* Pro461,Pro677 
Arg33*,Ala34,Tyr69,Val71, Thr1 20",Thr 123 

4 

-8.8 
3 6LU7-5281792 -8.0 

-7.9 
-7.7

5 
6LU7-932 
6M71-5280343
6M71-72281 . -7.6 2 4 
Legend: symbol denotes amino acid residues with H bonding 
Plain amino acid residues name and its position denotes alkyl interaction 

#symbol denotes amino acid residues with both alkyl interactions and H bonding 

Similar in silico docking study reported that standard antiviral drugs exhibit binding 
affinity in the range of -6.9 to-9.3 Kcal/mol against RNA dependent RNA polymerase (RdRp) 

viral protein target. In that reported study shown that RdRp viral protein exhibit binding affinity 
of -7.8,-6.9, -9.3 Kcal/ mol with ribavirin, tenofovir, and setrobuvir, respectively [33]. 

3.3. ADME calculations 

The best four docked compounds, such as Quercetin, rosmarinic aid, hesperidin, and 

naringenin against three viral protein targets, are taken for ADME screening, and their results 
were presented in Table 4. All four screened compounds show good pharmacokinetic 
properties such as Human intestinal absorption (HIA) in the range of 62.48 to 87.31%, colon 
cell absorption in the range of 3.41 to 20.72nm/sec. Buffer and pure water solubility value of 

the compounds in the range of 64.47 to 63626 and 90.92-347.24 mg/1, respectively. Similarly, 
four shortlisted compounds exhibit excellent plasma protein binding% and blood-brain barrier 

penetration values in the range of 86-100% and 0.1044-0.5969, respectively. Rosmarinic acid 
shows good human colon cell permeability Caco-2 and skin permeability values (20.7246 
nm/sec&-3.3275 respectively) and better bioavailability parameters such as buffer and water 
solubility 63.6 and 0.35 g/ml respectively. Compound naringenin shows good human intestinal 
absorption and MDCK cell permeabilities 87.31 % and 44.65 nm/sec, and it also possesses 

excellent distribution parameters such as plasma protein binding and blood-brain barrier 
penetration values such as 100% and 0.5969, respectively. Cytochrome 450 isoenzymes from 
the kidney play an important role in the detoxification mechanism necessary for clearance of 
every drug molecules from the body is screened against four shortlisted compounds. 

Rosmarinic acid (CID 52781792) had shown no inhibition against all isoforms of cytochromes 
enzymes involved in the xenobiotic mechanism. Compounds hesperidin (CID 72281) and 
naringenin (CID 932) shows inhibition against CYP 1A2 and 3A4; additionally, Quercetin 
(CID 5280343) shows inhibition against CYP2D6 isoenzymeforms.of cytochrome responsible 
for drug clearance. 
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Table 4. ADME properties of final shortlisted phenolic compounds against SARS CoV-2. 

Phenolic Compounds 
Quercetin Rosmarinic Hesperitin Naringenin 

S.No Pharmacokinetie Properties 

acid 
62.48758 I. ABSORPTION Human Intestinal 87.31807 

Absorption (HIA %) 87.19291 63.48522 
Cell 3.4129 Caco-2 20.7246 7.00371 10.5211 

Pemeability (nm/sec) 
MDCK Cell 13.3528 0.20263 24.4257 44.6354 

Permeability (nm/sec) 
Skin Permeability-4.43341 3.32759 -4.18756 -4.18021 

(log Kp, cnm/hour) 
Buffer 2. BIOAVAILABILITY Solubility 64.4795 63626.5 222.195 191.955 

(mg/)_ 
Pure Water Solubility 

(mg/l) 
96.4388 347.247 90.9293 251.402 

3. DISTRIBUTION Plasma Protein 93.2361 86.24209 96.79283 100 

Binding () 
Blood Brain Barrier 0.172765 0.104434 
Penetration 

CYP 1A2 Inhibitor Yes 
CYP 2C19 inhibitior| No 
CYP 2C9 inhibitior 
CYP 2D6_inhibitior Yes 
CYP_3A4_inhibitior 

0.222751 0.59697 

Yes 
No 

4. METABOLISM Yes 
No 

No 

No 
No No No No 

No No No 

Yes No Yes Yes 
Legend: High scored compound for each ADME parameter is in bold letter 

The pharmacokinetic analysis provides a better correlation of time course of drug and 

their metabolic effect in the human body. It measures and quantifies the absorption, 

distribution, metabolism, and excretion of the drug inside the human body [34]. Optimal 
parameters of these pharmacokinetic properties are needed to design the most promising drug 
to treat a particular disease [35]. 

3.4. DFT calculation. 

Results for DFT analysis of four shortlisted phenolic compounds were presented in 
Table 5, and their Homo-Lumo orbital energies were presented in Figure 6. Among screened 

compounds, Quercetin shown less energy gap -0.1531 with less hardness -0.0765 and more 

softness 13.0701, proves the highest binding affinity of the compound against viral protein 

targets. 

Table 5. DFT Calculation for final shortlisted Phenolic compounds against SARS CoV-2. 

Compoun HOM 
d ID 

Phenolic LUM Energ 
y Gap 

Ionizatio Electro Electro Electro Hardnes ftness 
Compoun negativit chemica (o) 

(eV) 
n n 

potential 

(IE) 
(eV) 

affinity 
(EA) 
(eV) 

d ) 
CX) potentia (eV) 
(eV) 

(eV) 
-0.1298 5280343 -0.2064 0.2064 0.0533 0.1298 -0.0765 13.0701 

Quercetin 0.0533 0.1531 
Rosmarini 5281792 -0.2257 0.0637 0.1447 0.2257 -0.1447 -0.0809 12.3609 

cacid 0.0637 0.1619 
72281 -0.2152 0.2152 0.0449 0.1300 0.1300 -0.0851 11.7508 

Hesperitin 0.0449 0.1703 
932 -0.2219 0.2219 0.0460 0.1339 -0.1339 -0.0879 11.3765 

0.0460| 0.1758 Naringenin 
Legend: Top three compounds from DFT analysis is in bold letter 

Similarly, Rosmarinic acid and Hesperitin show lespPRÑGNPAKI9 & -0.1 703), 
and more softness (12.3609 & 11.7508), respectivelarawDiSs AkesExsCIENCpKMbis in DFT 
analysis ranking next to Quercetin (Figure 7). Thus the in silicolaoteesngst DFT calculations 

Kalippati (PO)- 637 501. Narhákkal ( 

https://biointerlaceresearch.com/ 10169 



https://loi.org/10.33263/BRIACI13. 10161 10173 

performed here is taking better evidence for the highest binding affinity and highest docking 

score of theses phenolic ligands with SARS CoV-2 protein targets. 

Quercetin Homo Orbital Energy Quercetin Lumo Orbital Energy 

Rosmarinic acid Homo Orbital Energy Rosmarinic acid Lumo Orbital Energy 

Hesperitin Homo Orbital Energy Hesperitin Lumo Orbital Energy 

Naringenin Homo Orbital Energy 
Figure 7. DFT study of Four Shortlisted Phenolic compounds against SARS-CoV-2. 

Naringenin Lumo Orbital Energy 

Similarly, our previous report phytocompound 6-gingerol (-0.20606eV, 0.10303eV, 
and 9.3187eV) showed more stability and biological activity as it shows less energy gap, low 
hardness, and more softness [36]. 

4. Conclusions PRINCIPAL 
MAHENDRA ARTS & SCIENCE COLLBG 

The present study supported that three phenolic compou6elstogeetuss Quercetin, 
Rosmrinic acid, Hesperitin, show good binding affinity with3/8RS-CV2Viral protein targets. 
It possesses an excellent physicochemical and pharmacokinetic property, which may best suit 
https://biointerfaceresearch.com/ 
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to treat COVID-19 using these phenolic drug candidates. Moreover, it is very useful in COVID- 19 treatment practices, and it could act as nutritional supplements of phenolic plant sources that may promote the immune system of the body to combat COVID-19. Further, in vivo screening of these drug candidates will explore the molecular mechanism of its action against SARS-CoV-2 viral protein targets. 
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Ruthenium metal containing N and S/Se-donor ligands: Synthesis, structural studies

. and Application

1. Introduction

The coordination compounds having rnetal-nitrogen bonds have fascinated increasing

attention from last century. They also prove their realm over other branches of chemistry in

almost all the fields such as medicine, drug, cosmetic, industrial, material science etc.

Especially Ruthenium metal complexes with various donor ligands exhibit excellent catalyic,

optical, photophysical/ photochemical and biological properties such as antioxidant,

antibacterial, antifungal and anti cancer a ctiv itie s.

Among the various donor atoms, the N, Sise - bidentate donor ligands have a great

attention in contemporary chemical research due to their strong coordination ability towards

transition metal ions affording plenty of metal complexes. According to our knowledge

among various bidentate there is no reports in N,S/Se-chelating ligand. Thus we have

prepared ruthenium metal complexes bearing with N,SlSe-chelating ligand.

2. Objectives of the proposal

The sfudy of the ligands having N and S/Se donor atoms has got much attention due

to their coordination chemistry. Also a large number of transition metal complexes containing

functionalized Nf^lN ligands have been reported. According to our knowledge among various

bicientate there is no reports in N,SiSe-cheiating ligand.

The main scope of the project is,

i).

ii).

iii).

iv).

v).

To be prepare the N,SlSeJigand

To be synthesis the Ruthenium metal complexes

To be characterization studies by spectroscopic methods.

To be optimization of structure by computation methods

To be biological evaluation of compiexes.
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Relevance of the project

Ruthenium metal complexes with N,S/Se-ligand are prepared by conventional

rnethods which is already reported in literature.

3. Methodology

Preparation of Ligand

Synthesis of metal complexes

E=S(t) S*{2}

Studies oJ' metal complexes

UV-Vis, IR, NMR studies.

the DFT studies.

Visible.

Significance of the study

The study results showed slmtheses, structural studies and biological assays of newly'
synthesized compounds. The structural studies of the complexes are also rationalized by DFT
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4. Summary

In this work, successfully synthesized and characterized. the four-membered

metallacycle complexes of Ruthenium(Il) with N-donor ligand. These metal complexes
showed Antibacterial activity against E. coli bacterium among the chosen bacterial strains.

Moreover these tnetal complexes revealed their HoMo (H), LUMO (L) energies and eflergy
gaps by DFT studies.
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INFERENCE APPROACH TO RECONSTRUCTING THE PER-PACKET

ROUTING PATHS IN DYNAMIC AND LARGE-SCALE NETIryORKS.

1.[]\TRODUCTION

WIREI,ESS sensor networks (WSNs) can be applied in many application scenarios, e.g."

structural protection, ecosystem management. and urban C0 monitoring. ln a typicai WSN. a

number of self--organized sensor nodes report the sensing data periodically to a central sink via

multihop wireless. Recent years have witnessed a rapid growth of sensor network scale. Some

sensor networks include hundreds even thousands of sensor nodesill. These neilvorks often

empioy dynarnic routing protocols to achieve fast adaptation to the dynamic wireless channel

conditions" The growing nefivork scale and the dynamic nature of wireless channel. make WSNs

become increasingly courplex and hard to manage. Reconstructing the routing path of each

received packet ai the sink si<ie is an efflective way to undersranri the networks compiex internai

behaviors. With the routing path of each packet, many measurement and diagnostic approaches

are able to conduct eff-ective rnanagement and protocol optimizations for deployed WSNs

consisting of a large number of unattended sensor nodes.

For example, PAD depends on the routing path infbrmation to build a Bayesian netrvork

for inferring the root carrses of abnormal phenomena. Path infonnation is also imporlant for a

networlc manager to effectively manage a sensor networkf2]. For example, given the per-packet

path information, a network rnanager can easiiy find out the nodes with a iot of packets

fonn'arded by thern, i.e., network hop spots. Then, the manager can take actions to deal with that

problem, such as deploying more nodes to that area and modifying the routing layer protocols.

Furthemore, per-packet path information is essential to rnonitor the fine-grained per-link

metrics.

2. OBJECTIVIS

Recent wireless sensor networks (WSNs) are becoming increasingly complex *'ith the

erovi ing network scaie and ihe ti;-naniic rrature oi wireiess corninunications. fu{arr} measureriltrIlt

and diagnostic approaches depend on per-packet routing paths for accurate and fine- grained
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anal,vsis of the complex network behaviorsf4]. The proposal iPath, a novel path inference

approach to reconstructing the per-packet routing paths in dynamic and large-scale networks.

The basic iciea oi iPath is to expioit high path sirniiariry to iteratively inier long paths from shorr

ones. iPath starts with an initial known set of paths and perfoms path inference iteratively. iPath

includes a novel design of a lightweight hash function for verification of the inferred paths. in

order to fliither improve the inference capabihty as well as the executicn efficiency, iPath

includes a tbst bootstrapping algorithm to reconstruct the initial set of paths[5]. Can also

irnplement iPath and evaluate its pertbrmance using traces from large-scale WSN deployments

as well as extensive simulations. Results show that iPath achieves much higher reconstruction

ratios uncier ciifferent network settings compared to other state-of-the-ac approaches.

3. METHODOLOGY

The design of iPath includes three parts: iterative boosting, PSP-Hashing, and fbst

booistrapping. The iterative boosting aigorithm is ihe main part of iPath. it uses the short paiiis to

reconstruct long paths iteratively based on the path similaritl,. PSP-Hashing provides a path

similariti, presen'ing hash function that makes the iterative boosting algorithm be able to verity

whether two paths are similar with high accuracy. When the global generation time and the

parent change counter are inch"rded in each packet, a fast bootstrapping method is further used to

speed up the iterative boosting algorithm as well as to reconstruct more paths.

3.1 Iterative Boosting

iParh reconstructs unknown iong paths fi'om i<nown short paths iterativeiy. tsy comparing

the recorded hash value and the calculated hash value, the sink can verify whether a long path

and a short path share the same path after the short path&#39;s original node. When the sink

finds a match, the long path can be reconstmcted by combining its original node and the short

path.

3.2B.. PSP-Hashing

As mentioned in the iterative boosting algorithm, the PSPHashing (i.e., path similarity

preserving) plavs a key roie to make ihe sink be abis io verifl whether a short path is simiiar

with another long path. There are three requirements of the hash function.

3.3 Fast Bootstrapping

The iterative boosting algorithm needs an initial set of reconstructed paths. In addition to

the one/two-hop paths, the fast bootstrapping algorithm fuither provides more initial
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reconstructed paths tbr the iterative boosting algorithm. These initial reconstructed paths reduce

the number of iterations needed and speed up the iterative boosting algorithm.

4. SUMMARY

The proposed iPath, a novel path inference approach to reconstructing the routing path

fbr each received packet. iPath exploits the path sirnilarity and uses the iterative boosting

algorithm to reconstruct the routing patir effectively. Furthermore. the t-ast bootstrapping

algorithm provides an initial set of paths for the iterative algorithm. Formally analyze the

reconstruction perfbrmance of iPatli as well as two related approaches" The analysis results show

that iPath achieves higher reconstruction ratio when the netw'ork setting varies. It is aiso

implemented iPath and evaluate its perfbrmance by a trace-driven study and extensive

simulations. Compared to states of the art, iPath achieves much higher reconstruction ratio under

different network settings.
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In-vitro bio-mineralization of arsenie and lead from aqueous solution and soil by 

wood rot fungus, Trichoderma sp. 

1. Introduction 

Arsenic (As) and lead (Pb) are well-known metals, primarily produced by mining, 

metal manufacturers, and human activities including modern industrial operations, and 

agricultural practices (Donahoe et al., 2004; Wang and Mulligan, 2006). The soil and/or 

water containing As and Pb pose(s) a serious threat to both the ecosystem and human 

health because of their high toxicity and difficulties in treatment (Hseu et al, 2010). The 

toxicity of the metals is associated with many kinds of human diseases including

malfunctions of liver, heart, central nervous system, and kidney, skin and Iung tumours, 

and cardiovascular disease (Dopp et al., 2010). Hence, a technology to efficiently remove 

As and Pb from contaminated soil and water has attracted increased attention worldwide.

Microbiologically-induced calcite precipitation (MICP) is a widely known in-situ 

bioremediation method, where metal-resistant microbes immobilize toxic metals in the 

form of minerals (Zhu and Dittrich, 2016). Recent progress in the science of MICP in bio- 

geological formations has shaped the interest of bioremediation researchers worldwide

(Dhami et al., 2017). The precipitationof target metal compounds with calcium carbonate

and its dominant derivatives (i.e., calcites) is mediated by a variety of bacteria, fungi, 

algae, and protista, thus, this mechanism is preferably defined as bio-mineralization 

and/or MICP (Qian et al., 2015). 

2. Objectives of the proposal 
screening of the isolate, Trichoderma sp. MG, for ureolytic activity,) 

(i) assessing the potential of the isolate MG to immobilize As and Pb viaMICP under 

optimized physico-chemical conditions using the BoxBehnken design (BBD), 

(iii) evaluating different fractions of As and Pbin bioremediated soils to better 

understand the interaction between the isolate MG and metals, and 
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iv) (iv) confirming the MICP process by applying Fourier transform infrared 

spectrpscopy (FT-IR) and X-ray diffraction (XRD) characterization for the 

bioremediated soils. 

3. Methodology

Fungal strain 

The isolation and identification of the isolate MG, and minimal inhibitory 

concentration of As and Pb for the fungal strain. 

Screening of ureolytic activity of isolate MG 

The isolate MG was screened for urease activity using the Christensen's urea agar 

medium. 

Optimization of urease activity and enhanced removal of As and Pb using Response 

surface methodology (RSM) 

The BBD-based response surface methodology (RSM) was used to optimize the pHi, 

urea, and CaCh concentrations for enhanced production of urease and removal of As and Pb 

from soils. In brief, batch experiments were performed in 250 mL bottles containing 100 mL 

of mineral-precipitating media (MPM1). 

Significance of the study 

The results points out that the microbiologically-induced calcite precipitation is a 

feasible, eco-friendly technology for the bioremediation of As- and Pb-contaminated sites. 

4. Summary 

The mechanism of As and Pb bio-mineralization by the isolate, Trichoderma sp. MG 

and the optimal physico-chemical conditions were determined in both aqueous solution and 

soil. The isolate, Trichoderma sp. MG could effectively immobilize As and Pb in the 

contaminated soils. The fungal-mediated carbonates and minerals were identified by FT-IR 

analysis and XRD. The MICP-associated removal of As and Pb by Trichoderma sp. MG 

presented in this paper is an ecofriendly and cost-effective bioremediation technique to clean 

up the soil contaminated by the heavy metals. 
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Keywords 
Bio-mineralization 

In the present study, we investigated the role of calcite, ie, microbiologically-induced precipitate by ureolytic 
Trichoderma sp. MG, in remediation of soils contaminated with arsenic (As) and lead (Pb). The fungus tolerates 
high concentrations of As (500 mg/1) and Pb (650 mg/L). The effects of three factors, i.e., urea concentration, 
CaCla concentration and pH, on urease production and bio-mineralization of As and Pb were investigated using 
Box-Behnken design. The maximum urease production (920 U/mL) and metal removal efficiency (68% and 59% 

for Pb and AS, respectively) were observed in the medium containing urea of 300 mM and CaClz of 75 mM at pH 

9.0. Fourier transform infrared spectroscopy result revealed the formation of metal carbonates by the isolate MG. 
Sequential extractíon of metals revealed that the carbonate fractions of As and Pb were increased to 46.4% and 
42.4% in bioremediated soil, whereas in control they were 35.5% and 32.5%, respectively. The X-ray powder 

diffraction result further confirmed the role of calcite precipitate in bioremediation of As- and Pb-contaminated 
soils. The results points out that the microbiologically-induced calcite precipitation is a feasible, eco-friendly 
technology for the bioremediation of As- and Pb-contaminated sites. 

Calcite 
Carbonate bound 

Sequential extraction 

Urease 

1. Introduction 

Arsenic (As) and lead (Pb) are well-known metals, primarily pro- 
duced by mining, metal manufacturers, and human activities including
modern industrial operations, and agricultural practices (Donahoe 
et al., 2004; Wang and Mulligan, 2006). The soil and/or water con- 
taining As and Pb pose(s) a serious threat to both the ecosystem and 
human health because of their high toxicity and difficulties in treatment 
CHseu et al., 2010). The toxicity of the metals is associated with many 
kinds of human diseases including malfunctions of liver, heart, central 
nervous system, and kidney, skin and lung tumours, and cardiovascular
disease (Dopp et al., 2004, 2010). Hence, a technology to efficiently
remove As and Pb from contaminated soil and water has attracted in- 

promising alternative due to its environmental friendliness and cost 
effectiveness (Govarthanan et al., 2010; Selvanlkumar et al., 2017). It 

has been well established that microorganisms can remediate As and Pb 
in soils through different routes such as intra and/or extra-cellular ac- 

cumulation (Brookshaw et al., 2012), biosorption (Azarpira and 

Mahdavi, 2016; Balarak et al., 2016; Bazrafshan et al., 2017), bio-mi- 
neralization (Govarthanan et al., 2010), and chelation by producing
organic acids (Gadd et al., 2012). However, the effectiveness of bior-
emediation of As and Pb varies depending on microbial sensitivity t 

soil redox potentials and/or valence state of metals (Qian et al., 2017). 
Microbiologically-induced calcite precipitation (MICP) is a widely 

known in-situ bioremediation method, where metal-resistant microbes 
immobilize toxic metals in the form of minerals (Zhu and Dittrich, 

creased attention worldwide.
The physico-chemical practices commonly applied for removal of As 

and Pb are ion exchange, chemical precipitation, clectrochemical 
treatment, and reverse osmosis (Zhang et al., 2011 

plicability of these methods is limited because of their high cost, time 

demand and potential generation of secondary wastes (Cui et al., 2017). 

Recently, biological remediation of As and Pb is considered as aa 

2016). Recent progress in the science of MICP in bio-geological for 
mations has shaped the interest of bioremediation researchers world- 
wide (Dhami et al., 2017). The precipitation of target metal compounds
with calcium carbonate and its dominant derivatives (i.e., calcites) is 
mediated by a variety of bacteria, fungi, algae, and protista, thus, this 
mechanism is preferably defined as bio-mineralization and/or MICP 
(Gadd, 2010; Qian et al., 2015). Among the microorganisms, fungi have 

However, the ap- 
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activity was defined as the amount of enzyme liberating 1 umol NH 
from urea per minute. As and Pb concentrations in the samples were 

analyzed using inductive coupled plasma-mass spectroscopy (1CP-MS). 

higher biomass and resistance to metals compared to bacteria and 

algae; thus, fungi could be the potential candidate for MICP in the 
treatment of As- and Pb-contaminated soils (Kumari et al., 2015). 

Recent studies have reported the Trichodermma sp. could survive 

under As-stress conditions in the mode of biotransformation and spe- 

ciation (Su et al, 2010, 2017). Most of the studies reported that 7r 
choderma sp. can remediate single metal by MICP (Su et al., 2015). 
Resistance to more than one metal would be advantageous in clean-up 

of muli-metal-contaminated soils. To the best of our knowledge, no 
study has been performed in the past on bioremediation of As- and Pb 
contaminated soils based on calcite precipitation mediated by Tricho- 
derma sp. Recently, we successfully isolated As- and Pb-resistant 
choderma sp. MG from decayed wood. Hence, the present study deals (i) 

screening of the isolate, Trichoderma sp. MG, for ureolytic activity, (i) 
assessing the potential of the isolate MG to immobilize As and Pb via 

MICP under optimized physico-chemical conditions using the Box 
Behnken design (BBD), (ii) evaluating different fractions of As and Pb 
in bioremediated soils to better understand the interaction between the 

2.4. Characterization of fungal biomass using FT-IR 

At the end of bioremediation experiments, the Trichoderma biomass 
was collected, washed several times with sterile distilled water, and 

dried for 24-48 h in a freeze dryer. The dried fungal biomass was 

analyzed by using FT-IR, and the spectrum was obtained using the KBr 

method on a Perkin-Elmer FT-IR spectrophotometer (Norwalk, VA, 
USA) in the region of 4000-400 cm" 

2.5. Bio-mineralization of As- and Pb-comtaminated soil by Trichoderma sp 

Soil samples were collected from a depth of 20 cm, air-dried, sieved 

to< 2 mm, sterilized at 120 C for 70min (four consecutive days), and 
dried in an oven at 40 °c for a week. Two different groups of experi-

ments were performed for the bioremediation studies: bio-mineraliza
tion and control experiments. Bio-mineralization experiments were 
performed with the following matrix: 10g ofsoil in 100 mg kg' of As or 
Pb in MPM1 +10 discs of Trichoderma culture + 300 mM urea and 
75 mM CaClh solution. On the other hand, control experiments were 
performed with the following matrix: 10g of soil in 100 mg kg of As or 

Pb in MPM1. The flasks were incubated in a rotary shaker (180 rpm) at 
room temperature for 14 d. After incubation, the samples were dried at 
60'C for 48 h and used for metal sequential extraction studies. The 
exchangeable (F1), carbonate (F2), iron and manganese oxide-bound 
CF3), organie-bound (F4), and residual fractions (F5) of As and Pb in the 
soil samples were determined according to Song et al. (2009). 

isolate MG and metals, and (iv) confirming the MICP process by ap 
plying Fourier transform infrared spectrpscopy (FT-IR) and X-ray dif 

fraction (XRD) characterization for the bioremediated soils. 

2. Materials and methods 

2.1. Fungal strain 

The isolation and identification of the isolate MG, and minimal in- 
hibitory concentration of As and Pb for the fungal strain were reported 
in our previous study (Govarthanan et al, 2018). 

2.2. Screeing of ureohytic activity of isolate MG 
2.6. Xray difraction investigation of soil 

The isolate MG was screened for urease activity using the 

Christensen's urea agar medium (Christensen, 1946). Briefly, well 
grown fungal discs (10 mm diameter) were transferred to the Chris- 
tensen's urea agar and the plates were incubated at 26 2'C for 8-16 

d. After incubation, the color change in the medium indicates the ur 
eolytic activity of the isolate. 

The soil samples were analyzed by XRD to identify the metal crys 
tals produced by Trichoderma sp. The XRD analysis was carried out 
according to Govarthanan et al. (2010). 

2.7. Statistical analysis 

The optimization experiments were performed using a statistical

software Design Expert (Version 6.0, Stat-Ease Inc., Minneapolis, USA). 
The effective variables for the enhanced bio-mineralization were stu 
died with response surface methodology (RSM Box-Behnken design 
(BBD). By using the optimal BBD, the points of the bio-mineralization 
experiments that will reduce the error in the estimated co-efficient of 
the response model will be selected. An ANOVA test for urease pro-
duction, As and Pb removal were performmed to ensure a good model. 

2.3. Optimization of urease activity and enhanced removal of As and Pb 

using Response surface methodology (RSM) 

The BBD-based response surface methodology (RSM) was used to 
optimize the pH, urea, and CaCl2 concentrations for enhanced pro 
duction of urease and removal of As and Pb from soils. In brief, batch 
experiments were performed in 250 ml. bottles containing 100mL of 
mineral-precipitating media (MPM1) (Dhami et al., 2017) with dif 
ferent concentrations of urea (100-500 mM), CaCl2 (50-100 mM), and 
pH (6-9). Metal solutions (100 mg/L) were carefully injected into the 
bottles after sterilization. Later, five discs of the isolate MG was asep- 
tically inoculated into each bottle and incubated in a rotary shaker at 
27 'C for 14 d. A total of 17 runs were executed to determine the op- 
timal process factors; tests for As and Pb removal and urease activity 
were carried out according to the actual experimental design matrix. 
The result was analyzed by applying ANOVA and response plots. For 
RSM, the most widely used second-order polynomial equation was 
developed to fit the experimental result and identify the relevant model 

3. Results and discussion

3.1. Screening of ureolytic activity of isolate MG 

The formation of pink color around the mycelia plug in 
Christensen's urea agar medium plate indicates the ureolytic activity of 
the isolate MG. The urea agar base was supplemented with sterile urea. 
Phenol red was added in the urea agar medium as a pH indicator. The 
urea hydrolysis will increase the pH of the medium to render it alkaline, 
resulting in development of pink color. The alkaline pH indicates the 
production of ammonia (Christensen, 1946; Li et al., 2015). parameters.

Y=B+sx+4x+ xx, (1) 
3.2. Response surface optimization of urease production, As and Pb removal 

where Y is the predicted response; Bo, B1, and By are the coefficients of 
the regression model; and X, and X; represent independent variables.

The urease activity of the Trichoderma sp. was determined by 
measuring the amount of ammonia released from urea during the 
phenol-hypochlorite assay (Natarajan, 1995). One unit of urease 

The effect of bioremediation factors such as concentrations of urea 
and CaCla, and pH on urease production and removal of As and Pb was 
investigated using the BBD (Fig. 1). Based on the experimental design, 
the maximum urease production (920 U/mL) and high metal removal 
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Fig. 1. Response surface 3-D plots of urease production, As and Pb removal by the isolate Trchoderna sp. MG. 

efficiencies (68% for Pb and 59% for As) were observed at the experi 
mental condition of 300 mM of urea and 75 mM of CaCl2 at pH 9.0. 
However, much lower urease production (390 U/ml) and metal- 

removal efficiencies (39.0% for Pb and 29% for As) were achieved at 
100 mM of urea and 75 mM of CaCla at pH 10. The result showed that 
the metal removal was directly proportional to the amount of urease 
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produced. The maximum metal removal efficiency of 60% was ob- 
served along with high urease production, while the minimum effi-
ciency of 30% was along with low urease production. The MICP process 
had a positive cffect on the removal of As and Pb by urease production. 
The different removal cfficiencies by the isolate 7richoderma sp. MG for 
Pb (68.096) and As (5996) might be due to different physiological 
adaptation mechanisms and metal tolerance mechanisms. Several stu- 
dies have reported the varying toxicity tolerance of fungal isolates to 
different metals (Gonzalez-Chavez et al, 2002; Balamurugan and 
Schafíner, 2006). The MICP process depends on the microorganisms
modifying their local environment to create an appropriate physico 
chemical condition for the precipitation of metals (Gadd et al., 2010. 
2012). Li et al. (2014) demonstrated that the urease-positive fungus, 

Neurospora crassa has the ability to precipitate metal carbonates when it 
is incubated in urea-amended media, suggesting that metal remediation 
or recovery by fungi is a promising method. 

Li et al. (2015) reporled that the media amended with urea and 
Cacla involve precipitation of metals by the fungus, M. gramineum.
Several studies have reported the concentration of available calcium 
sources significantly affect the microbial growth and carbonate pre- 
cipitation (Gorospe ct al., 2013; Li et al., 2013). It was reported that 
CaCl could induce the growth of Aspergillus sp. UF3 and calcite pre- 
cipitation under Pb stress (Dhanmi et al., 2017). Regarding the p, a 
rather high pH is preferable; Achal et al. (2012) reported that the best 
pH would be 9.2 for the bio-mediated precipitation of most heavy 
metals. In short, the literature and the result from this study demon- 

strate that the optimization of physico-chemical conditions for the 
metal remediation or recovery by fungi would be a promising method. 

Table 2 

ANOVA for response surface quadratic model of urcase production, As and Pb 

removal. 

Source o Sum of squares Degrees of Mcan squares F value p-value 

variation freedom 

Model 7.774E+05 86382.42 17.1 10 0.0006" 
A 33800.0 33800.0 335.11 0.0001 

B 800.0 800.00 309.08 0.0001 

312 

88.13 

6050.00 6050.00 .97 0.0001 

AB 100.00 100.0 00 0.0001 

100.0 100.0 87.71 0.0001 
C 900.00 900.00 3.34 0.1102 

1.910E+ 05 1.910E+ 05 16.79 0.0046 

B 
C 

2.189E+ 05 2.189E+ 05 29.42 0.0010 

2.486E+ 05 2.486E+ 05 28.20 0.0011 

Residual 35370.00 5052.86 

Lack of fit 35050.00 11683.3 33 531.9 93 0.0001 

Pure error 320.00 30 

Core total 8.128E + 05 16 

addition, sequential model sum of squares, lack 
summary statistics further supported the significance and adequacy of 
the model (Table 2). Three dimensional plots provided in Fig. 1 gra- 
phically represent the regression equations and were used to visualize 
the relationship between the response and experimental levels of each 

variable and the type of interaction between the variables to determine 
the optimum urease production and As and Pb removal efficiencies. The 
coefficients of all the regression equations were determined to obain 
the followings. 

fit tests and model 

Urease activity(U m) = 916.00+65.00 A + 10.00 B-27.50 C-5.00 AB 
3.3. ANOVA test for urease production and enhanced As and Pb removad 

-5.00 AC-5.00 BC-213.00 A-228.00 B-243 C2 

(2) The BBD experimental design and results of urease production and 
As and Pb removal obtained from each run are presented in Table i. 
The results were analyzed and the responses were generated. An 
ANOVA test for urease production and As and Pb removal designs was 
performed to ensure a good model. The test result for the quadratic
regression model (Eq. (1) exhibits that it is highly significant, as evi- 
dent from the Fisher's F-test (p < 0.005). There was only a 0.01% 
chance that a model F-value could occur due to noise. The lack of fit 

As removal efficiency(%) = 58.80 + 1.50 A-1.37B-2.38 C + 1.75 AB 

+4.25 AC-2.50 BC-12.40 AR-7.65 B-9.15 C2 

(3) 

Pb removal efficiency(%) = 67.20-0.1250 A-2.37B-1.75 C-0.2500 AB 
+5.50 AC-2.50 BC-13.23 A-7.22 B*-7.97 C3 

values of urease production 146.04, As removal 36.25, and Pb removal 
17.92 implies that lack of fit is also significant. There are only a 0.02%, 
0.23%, and 0.88% chance that lack of fit F-value could occur due to 
noise respectively. The predicted R and adjusted R values were in 
reasonable agreement with the value of R", which is closer to 1.0, in- 
dicating the better fitness of the model in the experimental data. In 

(4) 

where A, B and C are the coded terms used in this experiment and 
represent urea (mM) and CaCl2 concentration (mM) and pH (unit), 
respectively. The effect of process variables on the response factors are 

shown in 3D plots. The normality assumption of the response model 
was checked by obtaining a normal probability plot of the residuals. 
Equality of variance was checked by plotting residuals against the 
treatments and the treatment averages, (fitted values), and inspecting

the spread in the residuals (Supplementary Fig. 1-3). The results in-
dicated that the developed statistical model is appropriate and the as 
sumptions associated with the ANOVA model are not violated. 

Table1 
Box-Behnken design and response result values of urease production, As and Pb 
removal. 

Run Urea (mM) CaCl (mM) pH Urease (U/mL) As (%6) Pb (6) 

500 100.0 9.0 620.0 42.0 44.0 

500 75.0 8.0 540.0 37.0 42.0 3.4. FT-IR analysis 
300 75.0 9.0 920.0 59.0 67.0 

300 50.0 8.0 520.0 45.0 55.0 
The As and Pb removal mechanism of Trichoderma sp. MG in MPM1 

was analyzed using FT-IR. Fig. 2 showed the absorption pattern of As 
group. The sharp peaks at 1554, 1394 cm could be the C-O stretching 
of the COOH groups. The absorption peaks at 1074 and 762 cm are 
attributed to hydroxyl ethers, amines, and amides, respectively (Li 
ct al., 2015). Fig. 3 shows the absorption pattern of Pb treatment group. 
The bands observed at 3475 and 2934 cm were assigned to the C-H, 
0-H, and N - H stretching vibrations of COOH groups. The sharp 
absorption peaks at 1753 and 991 cm could be due to the N-H 
stretching of primary secondary amines and amides (Qian et al., 2017; 
Li et al., 2015). The FT-IR results revealed that the carboxyl, alkanes, 

rand amide groups served as the preliminary molecules for the 

100 100.0 9.0 480.0 36.0 46.0 
300 75.0 9.0 900.0 58.0 67.0 

500 S0.0 9.0 480.0 38.0 48.0 

8 100 75.0 10.0 390.0 29.0 39.0 

9 300 75.0 9.0 920.0 59.0 68.0 

10 500 75.0 10.0 490.0 41.0 51.0 

11 50.0 9.0 320.0 39.0 49.0 

12 100.0 10.0 340.0 34.0 44.0 

13 100 75.0 8.0 420.0 42.0 52.0 

14 300 100.0 8.0 440.0 44.0 54.0 

15 300 75.0 9.0 920.0 59.0 67.0 

16 300 75.0 9.0 920.0 59.0 67.0 
17 300 50.0 10.0 480.0 45.0 55.0 
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subsequent precipitation of As and Pb. Fig. 3. FT-1R spectrum of Trichoderma sp. MG grown in Pb-containing media 

with and without urea and CaCl2. 

3.5. Sequential extraction 

A methodology to sequentially extract As and Pb was adopted to 
provide a comprehensive knowledge of the availability of As and Pb 
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Fig. 4. Distribution of As and Pb fractions in control and bio-mineralized soils (F1- exchangeable fraction, F2- carbonate fraction, F3- iron and manganese oxide- 

bound fraction, F4- organie-bound fraction, and F5-residual fraction). 
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and their interaction with carbonates biologicaly formed in con 
taminated soils. The order of As and Pb distribution were 

Appendix A. Supporting information 

F2>F1 > F4 > F3 > F5. F1 for As and Pb (As bio-mineralization 

group: 27.6% and Pb bio-mineralization group: 25.6%) was lower than 
the respective control group (As control: 32.5% and Pb control: 29.5%). 
This result indicates that the isolate Trichoderma sp. MG could trans 
form the bio-available metals into non-bio-available forms. The sig 
nificantly decreased Fl value indicates that the bioaccumulation and 
biomagnifications of metals are prevented in the metal-contaminated 
soils. The results are consistent with previous studies reporting a sig- 
nifcant reduction in exchangeable fraction of metals after bioaug 
mentation (Achal et al., 2012: Qian et al., 2017). However, a con 
siderable increase in the carbonate fraction (F2) was observed in the As 

(46.46) and Pb (42.4%) bioremediated soils, whereas for the control 
soils, it was 35.5% and 32.5%, respectively (Fig. 4). The increased 

distribution of carbonate-bound As and Pb was due to the induced 
carbonate precipitation. The results corroborate with the studies by 
Qian et al. 2017) and Govarthanan et al. (2013), reporting a significant 

increase in the carbonate fraction of metals (F2) after bioaugmentation. 
The distribution of Fe-Mn oxide fraction was not altered sig- 

nificantly in control (As: 14.5, Pb: 11.5%) and bioremediated soils (As 

16.8% and Pb 14.8%). It might be due to the unavailability of Fe-Mn 

fractions (F3) of As and Pb to the isolate MG. The results are consistent 
with a previous study reporting that bioaugmentation did not sig- 
nifñcantly reduce the Fe-Mn oxide fraction of metals (Qian et al., 2017). 
F4 of As and Pb were significantly altered in the bioremediated soil (As 

24.4% and Pb21.4%). The increased F4 values could be due to bio- 
sorption to the fungal mycelia biomass. The increased residual fraction 
(F5) was observed in bioremediated (As: 28.9, Pb: 26.96) soils com 
pared to the control soils (As: 22.6, 20.6%) respectively. The observed

results indicated the eficiency of Trichoderma Sp. MG on bio-miner 
alization of As and Pb in contaminated soil. 

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.ecoenv.2019.03.034. 
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Biodegradation of Acid Yellow Using Laccase Produced by Bacillus sp. Strain 

TR and its Dye Degradation 

1. Introduction 

In worldwide growth of textile industry and its technological development are

responsible for environmental contamination and public safety. Using the azo (N=N) dyes 

in the textile industry are widely used due to cost-effective and high stability (Kadam et al. 

2018). Almost 10-15% of suspended azo dyes is released as effluent after application into the 

water bodies and persists as eco-toxic pollutants. Due to accumulation, dyes may cause 

toxicity, mutagenicity, and carcinogenic nature leads to harmful to the living environment 

(lark et al. 2019; Chung. 2016; Kagalkar et al. 2015). Azo dye contaminated effluents are 

poorly treated, which directly discharged into the environment it will affect groundwater pH, 

soil infertility (Wang et al. 2018). Hence, the enhanced, low-cost and environmentally 

friendly effluent treatment system is necessary to remove azo dye from wastewater.Laccase 

(EC 1.10.3.2) is a group of enzyme that contain copper and act as a oxidizing enzyme 

disseminated inbacteria (Kumar et al. 2019), fungi (Saranraj et al. 2010). Laccases are 

mainly blue-colour compounds that act as a catalyst for the oxidation of phenolic compounds 

(Janusz et al. 2013), in some cases, both phenolic and non-phenolic compounds are oxidized 

by yellow laccaseTherefore, laccase are considered as excellent green catalysts in the midst 

of very promising oxidoreductase that involves many biotechnological applications (Pezzella 

et al. 2015) and also having potential in degradation of phenolic compounds (Justino et al. 

2010) pesticides (Zeng et al. 2017) and synthetic dyes (Chmelova and Ondrejovic 2015). 

2. Objectives of the proposal 

i) isolate, identify and characterize laccase producing bacteria from dye industry effluent 

(ii) optimize laccase production parameters by RSM 

(ii) evaluate the partially purified laccase in decolourization of acid yellow (AY) dye 
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(iv) evaluate AY decolourizationefficiency by using scanning electron microscopy (SEM), 
UV-Vis spectrophotometer, high performance liquid chromatography (HPLC) and Fourier 

transform infrared spectroscopy (FT-IR) 
(v) perform in silico analysis of laccase was with dye. 
3. Methodology 

Collection of efflucnt, Isolation and Identification 

The effluents were collected from the textile industry wastewater disposal site at 

Paliyapalayam, Namakkal District, Tamil Nadu (India). 

Laccase Production under Submerged Fermentation (SmF) by Isolates TR 

Submerged fermentation (SmF) was carried out in 3 L fermenter (Lark, India) with 

fermentation medium containing 1.5 L (Maltose 1.0, (NHA)2 SO4 0.5, KH;PO4 0.15, 

MgSO4 7H20, 0.1, NaCl 0.2 g/L, 0.02% guaiacol; pH 7.0) autoclaved at 121 °C for 15 min. 

After the sterilization process was completed and the fermenter cooled at 37 °C. 

Optimization of Laccase Production Using Different Abiotic Parameters 

After preliminary studies to determine the experimental ranges for each independent 
variable, pH (4-10), incubation time (72-120 h), carbon source as maltose (0.5-1.5 g/L), 

nitrogen source as ammonium acetate (1-5 gL) was used to enhance laccase production by 

using the isolated Bacillus sp. strain TR. The RSM was used to establish the optimum 

concentration of the selected variables 

Significance of the study 

The present study would undoubtedly embolden that the isolated Bacillus sp. strain 

TR laccase has potential for the decolonization AY dye and can be applied for treatment of 

textile effluenteffectively and eco-friendly. 
4. Summary 

The present study concluded that the activity of laccase (570 U/mL) was achieved the 

maximum with pH 7, 1 g/L of maltose and 3 g/L of ammonium acetate at 40 °C after 96 h 

fermentation. The acid yellow decolorizes 76.4% within 96 h by partially purified laccase. 

Optimization of process parameters is a prerequisite to enhance the yield, which is very 

helpful in large- scale production. The efficientdecolourization was evidenced by SEM, 

FTIR, and HPLC. Both wet and dry laboratory studies were proved that bacterial laccase 

having decolorization potential 
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Abstract 

The decolourization of the azo dye (acid yellow) by laccase from Bacillus sp. strain TR under submerged fermentation 

SmF) was optimized by response surface methodology (RSM). The laccase maximum yicld was achieved at 96 h of SmF 
with pH 7.0, 1.0 g/L of maltose and 3.0 g/L of ammonium acetate at 37 °C. The enzyme yield was estimated that 570 U/ 

mL. About 76.4% of acid yellow decolourization efficiency was observed by the laccase enzyme within 96 h. The substrate 

surface changes were observed before and after the laccasc treatment was analyzed with he scanning clectron microscope 

(SEM) and N=N transformation either nitrogen or ammonia was showed by Fourier transform infrared spectroscopy (FT- 

IR) analysis. The HPLC analysis explained the formation of various intermediates in the conversion of acid yellow to final 

products. Further, in silico studies proved the enzyme-substrate interactions and showed a better score of-27.435 kJ/mol. 

Keywords Bacilas sp strain TR Decolourization Laccase Molecular docking Response surface methodology 

Introduction Kagalkar et al. 2015). Azo dye contaminated cfluents are 

poorly treated, which directly discharged into the environ- 
ment it will affect groundwater pH, soil infertility (Wang 

et al. 2018). Hence, the enhanced, low-cost and environ- 

mentally friendly effluent treatment system is necessary to 

remove azo dye from wastewater. 

Numerous physicochemical methods such as photocata- 

lytic ozonation (Pandian et al. 2018), adsorption (Lei et al. 

2018), precipitation (Zhu et al. 2007), coagulation (Lee et al 

2006) and focculation (Lau et al. 2015) have been used for 

azo dyes degradation, on the other hand, the dye decolouri- 

zation physical and chemical methods are much costly and 

also engender amine residues after the treatment process. 
The regular spending of this water creates disease like can- 

cer (Sarkar et al. 2017). In this aspect, microbial laccases 

have potential for widespread application (Lassouane et al. 

2019; Asif et al. 2018) for azo dye degradation. Due to lac- 
case possessing the catalytic activity, which increases the 

reaction rate and very eficient to degrade the textile dyes. 
Thus, microbial enzymes can be used in eliminating water 

pollution as a potent alternative (lark et al. 2019; Asses et al. 

2018). 
Laccase (EC 1.10.3.2) is a group of enzyme that con- 

lain copper and act as a oxidizing enzyme disseminated in 

bacteria (Kumar ct al. 2019), fungi (Saranraj et al. 2010), 

In worldwide growth of textile industry and its technological 

development are responsible for environmental contamina- 

tion and public safcty. Using the azo (-N=N-) dyes in the 

Lextile industry are widely used due to cost-cffective and 

high stability (Shantkriti et al. 2019; Kadam et al. 2018). 
Almost 1015% of suspended azo dyes is released as effuent 
after application into the watcr bodies and persists as eco- 

toxic pollutants. Due to accumulation, dyes may cause toxic- 

ity, mutagenicity, and carcinogenic nature leads to harmful 

to the living environment (lark et al. 2019; Chung. 2016; 
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Genomic DNA Preparation, 16S rRNA Amplification, 
and Phylogenetic Analysis 

algac (Mahalakshmi et al. 2015), inscct and plants (Arora 

and Sharma 2010; Zhou and Xiang 2013). Laccases are 

mainly bluc-colour compounds that act as a catalyst for the 
Oxidation of phenolic compounds (Janusz et al. 2013), in 

some cases, both phenolic and non-phenolic compounds 

are oxidized by yellow laccase (Yadav and Yadav 2015). 
Moreover, the laccase enzyme has a capacity to oxidize mas- 

sive amount of substrates. They do not require H,O, for the 

reaction of oxidation, in addition by oxidizing broad rangcof 
molecules into radicals, the laccase using molecular oxygen 
as an electron acceptor. Therefore, laccase arc considered 
as excellent green catalysts in the midst of very promising 

oxidoreductase that involves many biotechnological appli- 
cations (Pezzella et al. 2015) and also having potential in 

degradation of phenolic compounds (Justino et al. 2010) 

pesticides (Zeng et al. 2017) and synthetic dyes (Chmelova 
and Ondrejovic 2015; Velic et al. 2017). 

The aim of the study is to explore to i) isolate, identify 

and characterize lacease producing bacteria from dye indus 

try effiuent (ii) optimize laccase production parameters by 
RSM (ii) evaluate the partially purified laccase in decol- 
ourization of acid yellow (AY) dye (iv) evaluate AY decol- 

ourization cficiency by using scanning electron microscopy 
(SEM), UV-Vis spectrophotometer, high performance liq- 
uid chromatography (HPLC) and Fourier transform infrared 

spectroscopy (FT-IR) (v) perform in silico analysis of lac- 
case was with dye. 

The genomic DNA was extracted from isolated bacterial 

culture by the phenol-chloroform extraction method (Sam-

brook and Russell 2001). The partial 165 rRNA gene was 

amplificd using 5 ul genomic DNA as template and universal 
primers 27f (5'AGAGTTTGATCCTGGCTC AG3) and 907 
r (5'CCC cGTCAATTCATTTGAGTT T3'). The amplified 

products were purified (QIAGEN, CA, USA) and sequenced 

using ABIPRISM (Modcl 3700, USA). These sequences 
were compared using BLAST (NCBI) for the identifica-

tion of the isolate and phylogenctic trce were constructed 

by Neighbour-Joining method in CLC WORKBENCH 8.1 
software (CLC Bio, MA, USA) (Pandcy et al. 2016; Selvam 
et al. 2016). 

Laccase Production Under Submerged Fermentation 
(SmF) by Isolates TR 

Submerged fermentation (SmF) was carried out in 3L fer- 
menter (Lark, India) with fermentation medium contain- 
ing 1.5 L (Maltose 1.0, (NH,)2 SO, 0.5, KH,PO, 0.15, 

MgSO 7H,0, 0.1, NaCi 0.2 g/L, 0.02% guaiacol; pH 7.0) 
autoclaved at 121 °C for 15 min. After the sterilization pro- 
cess was completed and the fermenter cooled at 37 °C. Then 

50 mL of sced culture was inoculated with the cell count of 
10 cells/mL (0.8 OD at 600 nm) and followed by fermenta-
tion process at optimal temperature with 150 rpm for 120 h. 

After fermentation, the cell-free extract was collected by 
centrifuge at 12,000 rpm for 15 min at 4 °C the supernatant 
was used for determining the activity of the laccase (Dekker 

et al. 2010). 

Material and Methods 

Dye and Chemicals 

The azo dye namely acid yellow was purchased from Spec-
trum chemicals Pvt Lid., (Mumbai, India) 2,2-azino-bis(3- Optimization of Laccase Production Using Different 

ethylbenzothiazoline-6-sulfonic acid) (ABTS), guaiacol, 
microbiological media, and chemicals were purchased 
from Hi-Media (India) and Sigma-Aldrich (St. Louis, US) 

Tespectively. 

Abiotic Parameters 

After prelinminary studies to determine the experimental
ranges for each independent variable, pH (4-10), incubation 
time (72-120 h), carbon source as maltose (0.5-1.5 g/L). 
nitrogen source as ammonium acetate (1-5 g/L) was used 
to enhance laccase production by using the isolated Bacil- 

lus sp. strain TR. The RSM was used to establish the opti- 
mum concentration of the selected variables. The variables 

selected strain TR under SmF. A total of 29 experiments 
were formulated using the experimental design matrix. The 

Collection of Effluent, Isolation and ldentification 
and Characterization of Laccase Producers 

The efiuents were collected from the textile industry waste- 

water disposal sitc at Paliyapalayam, Namakkal District, 
Tamil Nadu (India), which is the most industrialized area of 

the middle North of Tamil Nadu state, located at 11° 37" 50° 
N, 77 75 09° E. The isolation and identification of laccase 
producing bacteria were carricd based on the work reported 
by Sondhi et al. 2014, supplemented with 0.02% guaiacol. 
The appearance of brown colour formations as well as zone 
of inhibition was observed around the colonies, those colo- 

result was assessed by applying the corrclation cocficient 
of determination (R ), analysis of variant (ANOVA) and 
response plots. The RSM experimental result denoted as 

Y p0+pini +Epix+ Pijisj (1) 

4 
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where Y is the predicted response (laccase production 
U/mL), the independent factors xi and xj were influence the 
response of laccase production, BO is the counterbalance 

term, the linear coceficient is pi, Bii is the quadratic coef 
ficient and ßij is the interaction coefticient (Nandal et al. 

Dccolourization (D ) 
I00 x (A - initial absorbance) - A - observed absorbance) 

A initial absorbancc 
=- 

2013; Sclvam et al. 2014). Analysis of AY Decolorization Products 

Scanning clectron microscopy (SEM, Jeol JSM 6390) 

images were used to identify the morphological changes of 

AY decolorization commoditics by laccase enzyme. Fourier 

transform infrared spectroscopy (FT-IR) helps to study the 

structure and presence of functional groups in AY and in 

its decolorization products. FTIR (FT-IR Shimadzu-8400) 

was analyzed from the ranges of 400-4000 cm (Bhara- 
gava et al. 2018). The decolorized AY was characterized by 
HPLC analysis. HPLC (LC-20AD, Shimadzu, Japan) was 

carried out on C18 column (symmetry, 4.6 mmx 250 mm) 

with methanol as mobile phase at flow rate of 0.75 mL/min. 

Determination of Laccase Activity and Protein 
Content 

The activity of laccase was analyzed by the oxidation of 

I mM guaiacol substrate with 0.2 M sodium phosphate 

buffer (pH 4.5) at 420 nm for 1 min. 300 ulL of I mM guai-

acol, culture filtrate, and 0.2 M sodium phosphate buffer (pH 
4.5) and make the volume of 900 uL. The unit of enzyme 

activity was defined as the amount of 1 umol of guaiacol 

oxidized per minute (Mugdha and Usha 2012). By using 
bovine serum albumin (BSA) as a standard the concentra- 
tion of protein was estimated by Lowry et al. 1951) method. 

Molecular Docking Studies 
Partial Purification 

The bacterial culture which contains laccase enzyme was 

purified by 80% ammonium sulphate precipitation method 

and then incubated overnight at 4 °C. After incubation, the 

resultant precipitate was spin at 10,000 rpm for 10 min and 

resuspended 100 mM sodium acetate buffer. Then, the lac- 

case activity was comprehensively dialyzed against 50 mMM 

of phosphate buffer (pH 8) for 12h and used for further 

The molecular docking studies of the interaction between the 

laccase and AY dye was carried out using the BioSolvelT-

FlexX docking approach (Rarey et al. 1996). The AY dye 

compound was loaded in SDF format in FlexX interface 

and docked to the binding sites of the laccase with default 

parameters of FlexX. Pose-view was used to examine the 

interaction between dye and laccase in the docked complex 

(Shantkriti et al. 2019). 
studies. 

Effect of pH and Temperature on Partially Purified 
Laccase Activity 

Results and Discussion 

Screening and ldentification of Laccase Producers 
The reaction mixture was incubated at 50 °C for 5 h in the 

two different buffers that solution the enzyme activities 

measured at pH 4-10 using ABTS as substrate for optimiza- 
tion of pH. Briefly, the laccase was equilibrated with 25 mM 

sodium citrate buffer (pH 3.5-5.5), and 25 mM sodium 

phosphate buffer (pH 5.5-7.5). The reaction mixture was 

incubated at different temperatures ranging from 30-80 °C 

for the optimization of temperature for better production 

of laccase enzyme. By using standard assay conditions the 

In this study, initially, five different bacterial strains were iso 
lated from the effluent and were sereened for laccase produc- 

ing ability on agar plate as well as tube containing guaiacol. 

The laccase gets oxidized the guaiacol present in the medium 

and showed a reddish-brown zone around the colonies. The 

potential isolate was identified by morphological and 16S 

rRNA sequencing. For obtaining sequences the BLAST tool 

was used in order to find out homology with the sequence in 

GenBank in which 100% similarity was found with Bacillus 

sp. strain LA399 (KY622464). The sequence was depositcd 

in the NCBI nucleotide sequence repository with accession 

number KY510692. The phylogenctic tree based on the 168 

rRNA sequence comparison indicating the position of strain 

Bacillus sp. strain TR (Fig. 1). In various studies, it is reported 
that the bacteria-based laccase enzyme to have a high poten- 
tial to decolorize/degrade o 

our findings (Sondhi and Saini 2019; Bharagava et al. 2018). 

residual laccase was measured with time. 

Evaluation of AY Decolorization 

The dye decolorization potential assays were performed 
50 mM phosphate buffer (pH 8), partially purified laccase 

and AY at various concentrations (100-500 ppm) along 

with mediator ABTS. The decolorization was monitored at 
e which is very similar to that of 

490 nm using UV-Vis Spectrophotometer (Elico SL 164). 

Dye decolorization percentage was calculated by 
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of variance in ANOVA and a quadratic regression model 

arc used to derive statistical models from the cxperimen- 
tal data (Table 2) exhibits that it was a highly significant 
model, as was cvident with a very high probability value 
(F value =48.85) from the Fisher's test. Values of P" 

(<0.0001) indicate the significant model. The ModelF 
value of 48.85 implies that the model was significant. The 

valuc was predicted as R (0.8845) and adjusted as R 

(0.9599) values for amylase production were in reason- 
able agreement with the valuc of R (0.9799), which is 

closer to 1.0, indicating the better fitness of the model in 

the experimental data. 

The 3-D plot a graphical representation was generatedd 
(Fig. 2) and RSM has been employed to study the cffect 
of the variables with optimum levels. The laccase activ- 
ity reaches the maximum level of 570 UmL appearing 
on 96 h of cultivation with carbon source 1 g/L, nitro- 
gen source 3 g/L of substrates in pH 7. Prabin Shrestha 

et al. 2016 reported that the laccase production with car- 

bon and nitrogen source obtained from 400-570 U/mL. 

As the combination of maltose and ammonium sulphate, 
our results showed high amount of laccase production. By 
using optimal conditions predicted model was validated 
and experiments were conducted. The roles played by the 

variables in the production of laccase are highlighted in 

the graphs. 
The regression coeficient was calculated and the fol 

lowing regression equation was obtained. 

DRacillas cereus strain GTS0 (K13I2782.1) 

DBacillus sp. strain TR (K\VS10692.1) 

OBacillus sp. strain L.AJ9 (KY622464) 
DBacillus sp. strain N9 (MG6460JS.I) 

Bacillas cereus strain SSWD2 (KU922509.1) 

Bacilus sp. strain TTI9 (KX986611.) 

DBacillas sp. 1--R-22 16S (KTY22038.1) 
OBacillus sp. ESI-S (KJ878RKI) 
OBacillus cereas strain M38 (1LN890124.1) 

Bacillus sp. strain lc027 (KY46SSI3.1) 

DBacillus errus strain AXUGDSOOS (KP1650 

Bacilos cereus strain ck-01 (NMK592620.1) 

Fig. 1 16S rRNA based phylogenetic analysis of Bacillus sp. strain 
TR 

Table 1 Box-Behnken design for the variables and the experimentally 
observed responses 

Run A:pH B:incubation C:carbon 
time (h) 

D:nitrogen Laccase 
source (g/L) activity (U/ 

mL) 

source 

(g/L) 

96 1.5 175 
96 1.5 325 

417 120 

10 72 3 95 

77 4 120 

S70 7 96 

7 10 120 1 365 
10 96 0.5 345 8 

7 72 1 284 9 

96 1 3 570 10 

11 4 96 0.5 3 495 

Y = 570.00+26.42A + 40.92B 46.50C 15.83D 

+101.25AB +98.75AC-2.75AD +38.00BC 

12 7 120 1.5 3 425 
3 96 1.5 470 

290 
-27.00BD-71.25CD 182.21A - 179.71B 

- 35.33C70.08D 

4 7 72 

5 7 96 0.5 560 

(2) 
72 1.5 250 6 

where Y stands for laccase activity, A is stands for pH,B 
is indication of incubation time, C stands for carbon sources 

212 17 4 72 

315 18 7 120 

and D stands nitrogen source. For optimization of lacase 
production the applicability of RSM showed great similarity 
of experimental values. The optimization of fermentation 
conditions for the production of laccase Bacillus sp. strain 
TR was in SmF pH ranging from 4-10 at 37 °C intervals 

we can observe maximum laccase production was recorded 
al pH 7 of 570 U/mL and in the production of enzyme did 
not increase at pH below 5. The improvement of laccase 
production incubation period was very important factor. The 
incubation period was ranging from 72-120 h in that range 
maximum production was observed at 96 h and observed 
low production at below 72 h, it was 300 U/mlL, not only we 

cannot enhance the production laccase with onc factor, in 
our result showed the combinations like the carbon source 

19 7 96 1 570 

20 7 96 0.5 420 

4 96 339 21 

22 96 1 300 4 

23 10 96 320 
12 0.5 390 24 

570 25 96 

370 26 10 96 

27 10 96 1.5 420 
28 120 0.5 413 
29 7 96 570 

Production Optimization of Laccase by Using RSM 

The RSM was applied to identify the optimal conditions 
for the enhanced production of the laccase enzyme. The 
experimental design is presented in (Table 1). Analysis 

range from 0.5-1.5 g/L and the nitrogen source 1-5 g/L 
was signiticant for the increasing production of laccase. 
Which were gradually increased when maltose 1 g/L and 

2Springer PRINCIPAL 
MAHENDRA ARTS & SCIENCE COLLEG: 

(Autonomous) 
Kalippatti PO)- 637 501. Namakkal (DT 



International Journal of Peptide Research and Therapeutics 

11 

S A pH B: Incubation time (b) A: pH 
C:Carbon souce (gL) 

07 

A: pH B: Incubation time (h) D: Nitogen source (e/L) 13 

C: Carbon source (gL) 

09 

B: Incubation time (h) D Nitrogen source (eL) 
D: Nitrogen souce (g' L) C:Carbon source (g'L) 

Fig.2 3D plots showing interactions between independent variables for laccase production 
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Table 2 ANOVA for quadratic 
Source Sum of squares Mcan square F value p valuJe 

regression model 

Model 5.288E+05 14 37,773.70 48.85 <0.0001 Significant 
A-pH 8374.08 8374.08 10.83 0.0054 

B-incubation time 20,090.08 20,090.08 25.98 0.0002 

C-carbon source 25,947.00 25,947.00 33.56 <0.0001 

D-nitrogen source 3008.33 3008.33 3.89 0.0686 

AB 41,006.25 41,006.25 53.03 <0.0001 

AC 39,006.25 39,006.25 50.45 <0.0001 
AD 30.2 1 30.25 O.0391 0.8461 

BC 5776.00 1 5776.00 7.47 0.0162 

BD 2916.00 2916.00 3.77 0.0725 
CD 20,306.25 20,306.25 26.26 0.0002 

A2 2.154E+05 2.154E+05 278.51 <0.0001 

2.095E+05 2.095E+05 270.92 <0.0001 
8098.02 8098.02 10.47 0.0060 

D 31,859.50 31,859.50 41.20 <0.0001 

Residual 10,825.08 14 773.22 
Lack of fit 10,825.08 10 1082.51 

Pure error 0.0000 0.0000 

Cor total 5.397E+05 28 

ammonium acetate 3 g/L can achieve maximum production 

of laccase 570 U/mL. 
study shows that B. subtilis was in contrast and com- 

pared with in 70% dye decolorization. A peak level of 

243, 292, 647, and 650 nm of AY solution was obtained 
Effect of pH and Temperature on Laccase Activity 

The activity of purified laccase was studied with different pH 

ranging from 4-10 at 37 °C. At pH 7.5 the laccase enzyme 

showed better activity (Fig. 3a). The activity remained 

almost stable till pH 8, the activity of laccase was declined at 

pH 9, and inally no activity was founded at pH 10. Further- 

more, the considerable activity of laccase was also observed 

at the range of pH between 6.5 and 8 (82 and 86%, respec- 

tively). Almost the similarity of temperature and pH profile 

was found for laccase production in Penicillium martensii 

NRC345 (Elshafei et al. 2012). The better activity of puri-

ficd laccasc enzyme has occurred at a temperature of 40 °C 

(Fig. 3b), while only about 15% of activity was inactivated 

faster exposure betwecen 30 and 80 °C and Manimozhi and 

Kaviyarasan 2012) showed the similar results. 

by UV-Visible spectra. By increasing irradiation time the 
peak at 653 nm and above regularly decreases in intensity. 

The degradation of AY of about 74.5% when the peak at 

664 nm and disappeared completely in 72 h. Figure 4b 

shows the SEM images the accumulation of AY before 
and after in the surface area with morphological changes 
was studied. After accumulation of dye on the surface of 

laccase there were significant change was observed but in 

control there was no accumulation found, furthermore lac- 

case was distinct, but, the laccase was not clearly visible in 

dye treated. FT-IR spectrum of treated and untreated lac- 

case with AY has shown in Fig. 4c. In FT-IR spectrum the 

fingerprint region for un-substituted and multi-substituted 
naphthalene or benzene ring shows peaks, characteristic 
of AY treated with denatured laccase. The observed peak 
at 601.82 cm is due to di-substituted aromatic com- 
pounds were the characteristic of C-H stretching vibra- 

tions. In sulfonic acid, the S = O stretching vibrations 

attribute at peak of 1396.52 cmand 1499.72 cm for 
CC and CN triple vibrations 2307.93 cm' N-H alkyne 
and 3438.26 cm for N-H stretching vibrations of pri- 
mary amine (Telke et al. 2010). The FT-IR of AY treated 
with laccase was very distinct. The sharp peak decrease 

at 1052.21 cm is proposed to be due to the cleavage 
of the amides. Besides thesc bands, there are peaks at 

1666.57 cm (C=C aromatic) and 2923.25 cm due to 
the S = O stretching mode of the amide group of sulfonic 

Analysis of AY Decolorization Products by UV-Vis 
Spectroscopy, SEM, FTIR, and HPLC 

The decolorization of AY was studied at varying time 

intervals from 0-120h. The laccase enzyme decolouri- 

zation percentage was obtained at 0 h (2.446), 12 h 

(22.15%), 24 h (32.14%), 48 h (54.62) and 72 h (74.5%) 
respectively. The dye decolorization percentage was grad-

ually increased from 0-92 h. The Fig. 4a at 72 h (74.5%) 

showed the maximum dye decolorization. The present 
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acid. The stretching of 3440.19 cm due to the varia- 
tion of N-H amine amide groups and finally 513.09 cm 
formed new metabolites. Telke et al. 2010) were reported 

previously and attributed to specific structures of bands 

that were formed during the process of decolorization of 

AY by laccase. 

Figure 4d (i) shows the HPLC spectrum of laccase 

degrades the AY showed peaks at different retention times 
The control AY sample showed major peaks at retention 

times 3.504, 4.544, 5.078 and 6.405 min, whereas the deg- 

radation of AY by laccase showed variation and some addi-

ional metabolites with the time interval of 4.430, 4.974 and 

6.191 min (Fig. 4d (i) At different time interval the AY 

control and its biodegradation metabolites were significantly 

different from each other; moreover, the metabolites con- 

highest score -27.435 kJ/mol were shown in Fig. 5. The 

active site residues indicated that Asp176, Glu179, Lys 1880, 
Arg251 and Arg253 forming strong bonds were present in 

laccase-AY dye complex while Glu179 and Asp187 amino 

acids had non-bonded. By using different textile dyes the 

active site of laccase enzyme have been performed by 

molecular docking showed in earlier studies (Shantkriti et al. 

2019; Dehghanian et al. 2015). 

Conclusions 

The present study concluded that the activity of laccase (570 

U/mL) was achieved the maximum with pH 7, 1 g/L of malt-

ose and 3 g/L of ammonium acetate at 40 °C after 96 h fer- 

mentation. The acid yellow decolorizes 76.4% within 96 h by 

partially purified laccase. Optimization of process parameters 
is a prerequisite to enhance the yield, which is very help-
ful in large- scale production. The efficient decolourization 

was evidenced by SEM, FTIR, and HPLC. Both wet and dry 
laboratory studies were proved that bacterial laccase having 

decolorization potential. In conclusion, the present study 
would undoubtedly embolden that the isolated Bacillus sp. 
strain TR laccase has potential for the decolorization AY dye 
and can be applied for treatment of textile cfluent effectively 
and cco-friendly. 

firmed the efiuent biodegradation for the formation of new 

peak at 4.9 min. Biodegradation of AY by laccase and con- 

trol AY was resampled wi 
and confirmed using HPLC analysis (Phugare et al. 2010; 

Patil et al. 2010). 

other degradation dye effluent 

Docking Interaction Between Bacterial Laccase 
and AY Dye 

The docking interactions of identified bacterial laccase 

enzymes with the AY dye were exhibited remarkably. The 

docked complexes of laccase enzyme with AY dye with 
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PHYSICAL PROXIMITY UNSTRUCTURED P2P FILE SHARING SYSTEM IN
WIRELESS SENSOR NETWORKS

1.II{TRODUCTION
Over the past few years, the immense popularity of the Internet has produced a

significant stimulus to P2P files haring systems. For example, BitTorrent constitutes roughly 35

percent oi aii traffic on the Internet. There are two ciasses of P2P systems: Llnstructlrred and

structured. Unstructured P2P networks such as Gnutella and Free net do not assign responsibilit-v
for data to specific nodes. Nodes -ioin and leave the network according to some loose mles
.Curently, unstruclured P2P networks' file query method is based on either flooding where the

query is propagated to all the node's neighbors, or random- walkers where the query is

fbi*rvarded to randomly chosen neigliboi:s until tlie file is found. However, floodiirg aiid raiidoi.ii
walkers cannot guarantee data location[l]. Strucured P2P nefworks , i.e., Distributed Hash

Tables (DHTs), can overcome the drarvbacks with their t-eatures of higher etficiency, scalabiiity,
and deterministic data location.

They have strictly controlled topologies, and their data placement and lookup algorithms
are precisel;', detrned based on a DHT data structure and consistent hashing function. The ncde
responsible for a key can always be found even if the system is in a continuous state of change.

Most of the DHTs require O(1og n) hops per lookup request with O(1og n) neighbors per node,

r,vhere n is the number of nodes in the system. A key criterion to judge aP2P file sharing system
is its file location efficiency[2]. To improve this efficiency, numerous methods have been
proposed. One method uses a super peer topology. which consists of super nodes with fast
connections and regular nodes with slower connectiorls. super node connects with other super

nodes and some regular nodes, and a regular node connects rvitli a super node. In this super-peer
topology, the nodes at the center of the network are faster and therefbre produce a more reliable
and stable backbone.

2. OBJECTIVES
Efficient file query is imporiant to the overall perfonnance of peer-to-peer (P2P) file

sharing systems. Clustering peers by their common interests can significantly enhance the
efficiency of'file query. Clustering peers by their physical proximity can also improve f,rle query
performance. However, few curent works are able to cluster peers based on both peer interest
anci physicai proximiry. Aithough strucnrreei P2Fs provicie higher file query efficiency than
unstructured P2Ps, it is dit'ficult to realize it due to their strictly defined topologies. A new
proposal introduce a Proximity-Aware and lnterest-clustered P2P tile sharing System (PAIS)
based on a stmctured P2P, r,vhich fbrms physically-close nodes into a cluster and further groups
physically-close and comrnon-interest nodes into a sub-cluster based on a hierarchical
tcpology[3]. PAIS uses an intelligent file replication algcrithm tc lurther enhance file query
efficiency. creates replicas of fiIes that are frequently requested by a group of physically close



nodes in their location. Moreover, PAIS enhances the intra-sub-cluster file searching through
several approaches. [4]

First, it fuither m classifies the interest of a sub-cluster to a number of sub-interests, and
ciusters common-sub-interest nodes into a group for fiie sharing. Second, PAIS buiicis an overiay
for each group that connects lower capacity nodes to higher capacity nodes for distributed file
querying w'hile avoiding node overload. Third, to reduce file searching delay, PAIS uses
proactive file information collection so that a hle requester can know if its requested file is in its
nearby nodes .Fourth. to reduce the overhead of the file information collection, PAIS uses bloom
filtcr bascd frlc inl'ormaticn collcction and coricspondLrg distributcd filc seai'ching. Fifth. tc
improve the file sharing efficiency, PAIS ranks the bloom filter results in order. Sixth,
considering that a recently visited file tends to be visited again, the bloom filter based approach
is enhanced by only checking the newly added bloom filter information to reduce file searching
delay[5]. Trace-driven experimental results from the real-world Planetlab test bed demonstrate
that PAIS elramatieally reduee,s overhea-d and enhances the efficiency of file sharing with and
without churn.

3. METHODOLOGY

This proposal presents a proximity*aware and interest-clustered P2P fde sharing System
(PAIS) on a structured P2P system. It forms physically-close nodes into a cluster and further
groups physically-close and common-interest nodes into a sub-cluster. It also places files with
the same interests together and make them accessible through the DHT LcokupQ routing
function. More importantly, it keeps all advantages of DHTs over unstructured P2Ps. Relying on
DHT lookup policy rather than broadcasting, the PAIS construction consumes much less cost in
mapping nodes to clusters and mapping clusters to interest sub-clusters. PAIS uses an intelligent
file replication algorithm to further enhance file lookup efficiency,

PAIS Structure
PAIS is developed based on the Cycloid structured P2P network. Cycloid is a lookup

efficient, constant-degree overlay with n:d. 2d nodes, w'here d is its dimension. It achieves a

time compiexit,v of O(d) per iookup request Lry using O(1) neighbors per node. Eauir Cycioid
node is represented by a pair of indices (k,ad-lad-2....a0) where k is a cyclic index and (ad-lad-
2....a0) is a cubical index. The cyclic index is an integer ranging from 0 to d - 1, and the cubical
index is a binary number between 0 and 2d - 1. The nodes with the same cubical index are
ordered by their cyclic index mod d on a small cycle, which we call a cluster.

PAIS Construction and Maintenance

Node proximity representation. A land marking method can be used to represent node
closeness on the network by indices used in. Landmark clustering has been widely adopted to
generate proximrty information. It is based on the intuition that nodes close to each other are
likely to have similar distances to a few selected landmark nodes. The assumption there are m
landmark nodes that are randomly scattered in the Internet.

4. SUMMARY
In recent years, to enhance file location efficiency in P2Psystems, interest-clustered

super-peer networks and proxirnitv- clustered super-peer networks have been proposed.
Aitirough both strategies irnprove the performance oi P2P systems, few works cluster peers
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based on both peer interest and physical proximity simultaneously. Moreover, it is harder to
realize it in structured P2P systems due to their strictly defined topologies, although they have
high efficiency of file location than unstructured P2Ps.In this paper, we introdr"rce a proximity-
aware anci interest- clustered P2F flie siraring system based on a struciured FZP. it groups peers

based on both interest and proximity by taking advantage of a hierarchical structure of a

strucflrred P2P. PAIS uses an intelligent file replication algorithm that replicates a hle frequently
requested by physically close nodes near their physical location to enhance the file lookup
efficiency. Finally, PAIS enliances the file searching efficiency among the pr<lxirnity-close and

inrnr.not -^,{^. rh.^,,^k o -,,,-l-^,. ^f o^^.^o^1.^" -I-1.^ r-^^^ ,J-:..^- o..^a-i'r.on+nl -^."1r.UUiiiilIvIi iliiUiUSi iiULiUJ itiiLruEli d iiUiirLrLi Ui dPPiij(iLiiU5. i iiL tidLl-ul ll !tr vn pLr rrlr!ri(di rviLrrLs

on Planetlab demonskate the efficiency oi PAIS in comparison with other P2P file sharing
systems. It dramatically reduces the overhead and yields significant improvements in file
location efficiency even in node dynamism. Also, the experirnental results show the effectiveness
of the approaches tor improving file searching efficiency among the proximity close and
common-interest nodes.
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Green synthesis of silver nanoparticles using flower extract of Bauhinia purpurea 

and its antibacterial activity against clinical pathogens 

1. Introduction 

In recent years, production and characterization of noble metal nanoparticles gained more 

attention because of their unique properties compared to other materials. Over the last decades, 

silver nanoparticles (AgNPs) are gaining important research due to their significant biological 

properties, such as antibacterial (Govarthanan et al., 2014), antifungal (Lee et al., 2013), 

anticliabetic (Sengottaiyan et al., 2016), anti-inflammatory (Ahmad et al., 2015), and anticancer 

activities (He et al. , 2016). Traditional methods of AgNP production such as sonochemical, 

electrochemical, and photochemical methods utilized some synthetic chemicals for synthesis, 

which results in environmental pollution. Thus, researchers have developed several 

environmentally friendly and cost-effective methods for the synthesis of AgNPs. Currently, 

biomimetic synthesis emerged as the most promising method for the synthesis of AgNPs. Several 

biotic components like plant extracts (Velmurugan et al. 2015), fungi (Abdel Rahim et al. 2017), 

bacteria (Gopinath and Velusamy, 2013), yeast (Mateus Eugenio et al. 2016), algae 

(Govarthanan et al. 2017), milk (Lee et al. 2013), and oilcakes (Govarthanan et al. 2016) have 

been reported for synthesis of AgNPs. Among the biological components, the use of plant 

extracts for the production of AgNPs is potentially advantageous due to their low cost, viability, 

and scale up (Iravani, 2011; Zayed et al. 201 2). 

2. Objectives of the study 

The objectives of the present study were 

(i) to use B. purpurea flower extract asreducing agent for the reduction of AgNO3 to 

AgNPs, 

(ii) tooptimize the experimental variables such as pH and time toenhance the reduction 
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(iii) to assess the antibacterialactivity of the synthesized AgNPs against clinical 

pathogens. 

3. Materials and methods 

Flower material The B. pwpurea flowers were collected from the roadsides near 

Mahendra Arts and Science College, Namakkal, India, and were washed thoroughly with tap 

water and doubledistilled water until no impurities remained. The flowers (50 g) were separated 

and added to 200 ml of doubledistilled water and were crushed using a juicer (Velmurugan et al. 

2016). The extract was filtered through Whatman filter paper and stored at 4 °C for further 

experiments. Synthesis and optimization of AgNPs under different pH levels and time intervals 

Four milliliters of B. pwpurea flower extract was mixed with 96 ml of l mM AgNO3 solution. 

The color change from light pink to reddish brown indicated the reduction of AgNO3 to AgNPs. 

The AgNP production was monitored by a UV-vis spectrometer at 300-800 nm. The produced 

AgNPs were separated by centrifugation at 12,000 rpm for 15 min, and the pellets were re

dispersed in sterile distilled water (two to three times) to remove the reaction residues. The 

purified pellets were dried and used for further characterization. To optimize the experimental 

variables, AgNP synthesis was conducted at various pH levels (5, 6, 7, and 8) and time intervals 

(0, 6, 12, and 24 h) and the absorbance of the reaction mixture was measured using a UV-vis 

spectrophotometer. The morphology and size of the AgNPs were measured using transmission 

electron microscopy. The elemental composition of the AgNPs was confirmed by scanning 

electron micrograph-energy-dispersive spectroscopy. Fourier transform infrared spectroscopy 

spectra of AgNPs were obtained with a Perkin-Elmer FT-IR spectrophotometer in the diffuse 

reflectance mode at a resolution of 4 particles cm-1 in K.Br pellets. X-ray powder diffraction was 

used to detennine the crystalline nature of the samples. 

Antibacterial activity 

The clinical pathogens Klebsiellasp. (Accession Number: KC899845) and 

Staphylococcus sp. (Accession Number: KC688883) were used for antibacterial studies. The 

pathogens were inoculated in nutrient broth supplemented with different concentrations of 

AgNPs (2- 10 mM), and the flasks were incubated at 35 °C for 12 h. 

Significance of the study 

The study revealed the effective method of utilizing B. pwpurea flower extract for the 

synthesis of AgNPs with high antibacterial efficiency. 
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4. Summary 

In our study, biomimetic AgNP synthesis using B. purpurea flower extract is less 

expensive, precise, and eco-friendly. The UV- vis spectra study showed that pH and incubation 

time have a significant effect on AgNP synthesis. The EDS results corroborated the presence of 

AgNPs without any contamination. The TEM results showed the AgNPs were mainly spherical 

in shape, with an average size of 20 nm. The antibacterial activity of synthesized AgNPs against 

Klebsiella sp. and Staphylococcus sp. suggests that the synthesized AgNPs were an excellent 

bactericidal agent. 
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Abstract 
In the present study, we have reported an eco-friendly, rapid, and simple method for the synthesis of silver nanoparticles (AgNPs) 
using Bauhi11ia pu,p11rea flower extract as non-toxic bioreducing agent. The formation of AgNPs was confirmed by UV- visible 
spectroscopy, transmission electron microscopy (TEM), scanning electron microscopy and energy-dispersive spectroscopy 
(SEM- EDS), Fourier transform infrared spectroscopy (FT-IR), and X-ray diffraction (XRD). The synthesized AgNPs were 
spherical in shape with an average size of 20 nm. Furthermore, the antibacterial activities of the synthesized AgNPs (2-
10 mM) against clinical pathogens, Klebsie/la sp. and Staphylococc11s sp., were evaluated under i11 vitro conditions. 

Keywords Bauhinia purpurea • Biomimetic synthesis • Silver nanoparticles • Antibacterial activity 

Introduction 

In recent years, production and characterization ofnoble metal 
nanoparticles gained more attention · because of their unique 
properties compared to other materials. Over the last decades, 
silver nanoparticles (AgNPs) are gaining important research 
due to their significant biological properties, such as antibac
terial (Govarthanan et al. 2014), anti.fungal (Lee et al. 2013), 
antidiabetic (Sengottaiyan et al. 201 6), anti-intlammatoty 
(Ahmad et al. 2015), and anticancer activities (He et al. 
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20 16). Traditional methods of AgNP production such as 
sonochemical, electrochemical, and photochemical methods 
utilized some synthetic chemicals for synthesis, which results 
in environmental pollution. Thus, researchers have developed 
several environmentally friendly and cost-effective methods 
for the synthesis of AgNPs. 

Currently, biomirnetic synthesis emerged as the most prom
ising method for the synthesis of AgNPs. Several biotic com
ponents like plant extracts (Velmurugan et al. 201 5), fungi 
(Abdel Rahim et al. 20 I 7), bacteria (Gopinath and 
Velusamy, 2013), yeast (Mateus Eugenio et al. 201 6), algae 
(Govarthanan et al. 2017), milk (Lee et al. 2013), and oilcakes 
(Govarthanan et al. 20 16) have been reported for synthesis of 
AgNPs. Among the biological components, the use of plant 
extracts for the production of AgNPs is potentially advanta
geous due to their low cost, viability. and scale up (lravani. 
20 ll; Zayed et al. 2012). Several studies prove that extracts 
from various plants such as Aloe vera (Chandran et al. 2006), 
Iresine herbstii (Dipankar and Murugan, 20 12), Pelargo11i11111 
graveolens (Shankar et al. 2003), Prunus yedoensis 
(Velmurugan et al. 2015), Emblica officina/is (Ramesh et al. 
20 15), Ab11ti/o11 i11dic11111 (Mata et al. 20 15), Lantana camara 
(Kumar et al. 201 5), Rosmari1111s offici11a/is (Ghaedi el al. 
2015), Ai.adirachta indica (Ahmed et al. 2016), Ter111i11alia 
cuneata (Edison et al. 20 16a), Tamari11d11s i11dica (Edison 
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Fig. 1 UV- visible spectrum of AgNP synthesis using B. pwp urea at 
different a pH levels and b time intervals 

et al. 2016b), Solanum indie11111 (Sengottaiyan et al. 2015), 
Tamarix gallica (Lopez-Miranda et al. 2016), Mussaenda 
e.1y throphy lla (Thivaharan et al. 20 16), Clerodendrum 
phlomidis (Sriranjani et al. 20 16), Pn11111s japonica 
(Saravanakumar et al. 2016), lonicerajaponica (Balan et al. 
20 I 6) , Catharanthus rose us (Al-Shmgani et al. 20 1 7), 
Myristica fragrans (Senthilkumar et al. 2017), Garcinia 
imberti (Sri RamJn1mar et al. 2017), and Argyreia nervosa 
(Saratale et al. 20 17) can be used to produce AgNPs. 
However, AgNP synthesis using Bauhinia purp11rea flower 
extract has not been reported in the literatures although it is 
widely used in traditional medicines. 

B. purpurea belongs to the family ofFabaceae and is com
monly known as camel's foot tree or purple orchid tree. The 
stems, leaves, and roots of 8. purpurea are widely used in 
medicinal formulations for the treatment of several diseases 
especially diabetes, jaundice, leprosy, and cough (Morais et al. 
2005). Despite various medicinal claims, to the best of our 
knowledge, no attempt has been made to synthesize AgNPs 
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using B. pwp11rea flower extract. Hence, the objectives of the 
present study were (i) to use 8 . p11rpurea flower exlTact as 
reducing ugcnl for the reduction of AgNO3 lo AgNPs, (ij) lo 
optimize the experimental variables such as pH and time to 
cn.hunce the reduction rate, and (iii) lo assess the antibacterial 
activity of the synthesized AgNPs against clinical pathogens . 

Materials and methods 

Flower material 

The B. purpurea flowers were collected from the roadsides 
near Mahendra Arts and Science College, Narnakkal, India, 
and were washed thoroughly with lap water and double
distilled water until no impurities remained. The flowers 
(50 g) were separated and added to 200 ml of double
distilled water and were crushed using a juicer (Velmurugan 
et al. 2016). The extract was filtered through Whatman filter 
paper and stored at 4 °C for further experiments. 

Synthesis and optimization of AgNPs under different 
pH levels and time intervals 

Four milliliters of B. purpurea flower extract was mued with 
96 ml of 1 mM AgNO3 solution. The color change from light 
pink to reddish brown inwcated the reduction of AgNO3 to 
AgNPs. The AgNP production was morutored by a UV-vis 
spectrometer at 300---800 run. The produced AgNPs were sep
arated by centrifugation at 12,000 rpm for 1 S min, and the 
pellets were re-wspersed in sterile djstilled water (two to three 
times) to remove the reaction residues. The purified pellets 
were dried and used for further characterization. To optimjze 
the experimental variables, AgNP synthesis was conducted at 
various pH levels (5, 6, 7, and 8) and ti.me intervals (0, 6, 12, 
and 24 h) and the absorbance of the reaction muture was 
measured using a UV-vis spectrophotometer. 

Characterization of AgNPs 

The optical absorption spectra of the synthesized AgNPs were 
observed using a UV- vis spectrophotometer (Elico-SL 164). 
The morphology and size of the AgNPs were measured using 
transmission electron microscopy (TEM, FEI Tecnw TF 20 
high resolution). The elemental composition of the AgNPs 
was confirmed by scanning electron micrograph-energy-ws
persive spectroscopy (SEM-EDS; Jeol JSM 6390). Fourier 
transform infrared spectroscopy (FT-IR) spectra of AgNPs 
were obtained with a Perkin-Elmer FT-IR spectrophotometer 
(IR Affinity-IS) in the diffuse reflectance mode at a resolution 
of 4 particles cm- • in KBr pellets. X-ray powder wffraction 
was used to determine the crystalline nature of the san1ples 
(XPERT-Pro diffractometer using Cu-Ka radiation). Scruming 
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Fig. 2 a Tmnsmi..,~on electron 
micro._<\."Opk image of ;\gNl's, b 
S.EM-6DS-a Strons pc3k nt 
3 kc\' confirms the pro.-= of 
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was done in the region of20 from IO to 80° at 0 .04°/min with 
a time constant of 2 s. 

Antibacterial activity 

The cLinical pathogens Klebsie/la sp . (Accession Number. 
KC899845) and Staphylococcus sp. (Accession Number: 
KC688883) were used for antibacterial studies. The pathogens 
were inoculated in nutrient broth supplemented with ditfercn1 
concentrations of AgNPs (2- 10 mM). and the flasks were 
incubated at 35 °C for 12 b. The samples were collected nt 

regular time inte.ivnls, nnd the bacterial growth rate wns mea
sured in terms of incrcuse in optical density nt 600 mn. The 
culture grown in the absence of AgNPs was used as a control 
(Govarthannn et al 20 16). 

Results and discussion 

In biomimetic synthesis of AgNPs, B. p11rp111va flower uqUt.'
ous extract nets ns a reducing agent. The color change in the 
reaction mixture wns lll1ributcd to excitation of surlilcc 
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Fig. 3 a IT-CR SJX'Clrum of 
AgNPs synthesized using 
B. p11rp111y,a flower extract. b X
ray diffraction pattern of AgNPs 
synthesized using B. p11rp1wen 
extract 
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plasmon resonance (SPR) within the biosynthesized AgNPs 
(Kumar el al. 201 6). The characteristic SPR band was ob
served al 450 nm. The AgNP synthesis al different pH levels 
and time intervals was measured by the UV- visible spectrum, 
and the results are shown in Fig. l a, b. The results indicate that 
the complete reduction of silver ion was observed within 24 h 
at pH 7 .0 which could be the optimum time and pH for 
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AgNO3 reduction. However, the decreased reduction rate in 
acidic and alkaline pH could be due to the denaturation and/or 
degradation ofbioactive compounds present in the flower ex
tract The phenomenon needs more studies. 

F igure 2a shows the TEM image and size distribution 
of the synthesized AgNPs. The micrograph shows that 
the particles were spherical in shape w ith a s ize range 
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Fig. 4 Antibacterial properties of AgN-Ps. a Klebsiella sp., b 
Su,phylococc11s sp. 

of 5- 50 nm and an average diameter of 20 nm. The 
EDS quantitative analysis confirmed the presence of 
the silver element (100%) without any contaminants 
(Fig. 2b). FT-IR spectroscopy was used to study the 
presence of different functional groups present in the 
B. purpurea flower extract, responsible for the stabiliz
ing and capping of the biogenic reduced AgNPs. The 
FT-IR spectrum of the B. purpurea flower extract and 
AgNPs synthesized using flower extracts is shown in 
Fig. Ja. The intense strongest band at 3443.45 cm - I 

was due to the O- H stretching of the alcohols and phe
nolic compounds, and the one at 2924.05 cm- 1 was due 
to the aldehydic C- H stretching mode (Mittal et al. 
2014). The peak at 1739.81 cm- 1 was due to C=O 
stretching of the carbonyl group. The peaks were very 
similar to those reported in earlier studies (Yan et al. 
2013 ; Sumaira and Bilal, 2016). The X-ray diffraction 
analysis was performed to confirm the crystalline nature 
of synthesized AgNPs. The XRD pattern of AgNPs 
(Fig. 3b) showed four distinct diffraction peaks at 

38.2, 44.1, 64.3, and 78° and were indexed as ( 111 ), 
(200), (220), and (3 11) reflection of a face-centered cu
bic silver crystal, respectively, by Joi11t Committee on 
Powder Diffraction Standards (JCPDS) file no. 04-0783 
(Muhammad et al. 2012) . 

Biosynthesized AgNPs were studied for their ru1tibac
tcrial activity against clinical pathogens, namely 
Klebsiel/a sp. and Staphylococcus sp., and the results 
are shown in Fig. 4a, b. The results indicated that 
the AgNP concentration 6 mM effectively countered 
the bacterial growth. Lok el al. (2006) reported that 
the interaction of silver cations with bacteria caused 
the denaturation of protein, the rupture of the plasma 
membrane, the depletion of intracellular ATP, and 
finally cell death. Kim et al. (2007) reported that the 
formation of free radicals by the AgNPs may be con
sidered as a major mechanism by which bacterial cells 
die (Kim et al. 2007). The results are consistent with 
studies reporting the antibacterial activity of AgNPs 
(Aravinthan et al. 2015; Govarthanan et al. 2016). 

Conclusions 

In our study, biomimetic AgNP synthesis using B. purpurea 
flower extract is less expensive, precise, and eco-fiiendly. The 
UV- vis spectra study showed that pH and incubation time 
have a significant effect on AgNP synthesis. The EDS results 
corroborated the presence of AgNPs without any contamina
tion. The TEM results showed the AgNPs were mainly spher
ical in shape, with an average size of20 nm. The antibacterial 
activity of synthesized AgNPs against Klebsiella sp. and 
Staphylococcus sp. suggests that the synthesized AgNPs were 
an excellent bactericidal agent. 
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Synthesis, Spectroscopic studies of Metal complexes derived from some Imine

Derivatives

Introduction

Metal coordination complexes have been widely studied for their antimicrobial [1,2]
and anticancer properties t3]. Many drugs possess modified pharmacological and

toxicological properties when administered in the fonn of metallic complexes. platinum

anticancff drugs are nolv the widely used anticancer drugs in the world e.g. cisplatin,

carboplatin, tetraplatin etc. This inspires synthetic chemists to search for new metal

complexes for trioactive compounds and copper in particular has attracted the researchers.

Probably the most widely studied cation in this respect is Cu2t' since a host of low-nrotecular-

weight copper complexes have been proven beneficial against several diseases such as

tuberculosis, rheumatoid, gastric ulcers and cancers t4]. Schifl base and thcir rnetal

complexes has been a sribject of research fbl longer pcriod of time and till date it is r,ariErus

researchers are aggressively focusing on synthesis of various SchifI'base with ciifferent rneral

complexcs ancl try to identifv their unique propertics. Metal complexes of copper containing

nitrogen and oxygen donor ligands are found to be effective catalysts for oxidation of oleflns,

etc. The coordination envitonrnent around copper plays the key role in stabilizing its different

oxidation states and hence dictates the redox properties of the central atorns. The treatment

with copper complexes produces remarkable pharmacological effects, which are *st *trsr.*.s{:

when the parent ligands or inorganic forms of copper are used. Various copper e*mplexes

have been reported to inhibit bacterial, fungal, yeast, aigal, mycoplasma. ancl virai growth. as

well as to cause the death of this organisms. The coordination chernistry nf Schiff base

ligands is of considerabls interest due to their biologieal importance.
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Otrjectives of the proposal

The aim of this project is

Relevance of the project

Mctal complexes with Imine ligand are prepared by condensation methods rvhich is

already reported in literature.

Nlethodology

The Schiff base complexes will be prepared by using different metals of first row

transition metal complexes such as Co (II), Ni (iI), Cu (It). etc"

CI

\

\
CI

(M:Cu, Co,It{i)

The following instruments will be used for this project.

. UV/Visibie -Spectrometer (Perkin Elmer Lambda 35)

. F.T-IR

' Single crystal X- Ray Diffraction

, Heating mantle with rotating magnetic stirer
. HlNMR & cl3 NMR

. Mass Spectrometer

. TGA/DTA

r Atomic adsorbtion spectrometer

. Cyclic voltammogram.

. Mass Spectrometer
zl t7

PKTBNCIPAI].
TYIAHIHDRA m/f! r SG|EXCE COttEGr

) lAntononous)
- ..atinnatti (FOt - 637 50't . Namakral rnr'



Summary

In this rvork a Metal(II) Schiff base complexes havc been synthesized and

characterized. From the analytical data and the physical studies. the ligand has bcen shown to

act as a bidentate manner and coordination through the phenolic cxygen and azomethine

nitrogen. It forms complex ir 2:1 ratio. The antibacterial activity has been explained on the

basis of chelation theory. In general metal complexes possess antibacterial against the

selected species of bacteria more than the free Schiff base ligand.
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Efficient Euergy Consumption in MANET by AODV ERR

1. INTRODUCTION

MANET comprises of various mobile nodes with no fixed infrastructure. Nodes that fulI

uncier the mutuai wireiess range oi one anotirer foiiow a direct comrnunication wirereas nodes

residing outside the wireless range adhere to a multi hop path resulting in Multi-hop MANET

(Mobile Ad Hoc Networks). Rajesh Kochher, Ritu Mehta, [1] defines the major features of
MANET as following: dynamic topologies, restricted physical securitv, band.ividth-constrained

and energy-constrained operation. One of the essential criteria in protocol design that is taken

into account is the energy conservation since the nodes in such a network depends upon the

battery power to fulfil their energy needs. The network's topology is determined by the location

as weii as ihe transmission po\ /er of the mobile nodes that can vary with time. Accorciing to the

ATIS report published on energy efficiency of u,'ireless networks [2], emphasis is on the

parameter optimization that comprises of maximum coverage r,vith least interference possible

along u,ith various aspects of wireless attributes including propagation. Thlough the process of
intelligent routing, energy efficienc,v can be incorporated. Ioan is et al. [3] recommends that

power awareness can be encouraged for carrying out the design and implementation of network

routing protocols.

The popuiar technique empioyeci in power aware protocois is the mechanism that

makes components sleep. Power aw-are MAC routing protocols ascefiains that every link

becomes highly energy efficient. These protocols are framed by making changes to the routing

process in order to route the packets across energy efficient paths from source till the destination.

Since there is no reduction in the overall energy consumption of the network using the above

methods, a routing process must take the topological information into consideration. Among

variotts factors of network topology, transmission range depicts the conffollable factor. The study

ciefines the [4j transmission range of node 'i' in a network as ihe maximum range across which a

packet can be received successfully without anv interference from other nodes. Both the network

topology and tlre total energy consumed are affected by the transmission ranges. The literature
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illustrates selection of best transmission range [5, 6].Packets are delivered to the nearest

neighbors in case of a smaller transmission range whereas in case of multi hop path, number

ofnops are increased. Moreover, because of the smaiier transmission range there can be a huge

number of interfbrences within the network. In [7] there is a discussion regarding the optimum

one hop distance that minimizes the overail system energy. Therefore ,for handling dynamic

mobility and maintaining nefwork connectivity, topological information is incorporate lor

handling dynamic mobility and maintaining network connectivity, topological information is

incorporated at the network layer. Hence for choosing the next hop, interaction among the MAC

and the network layer must take place.

2. OBJECTIVES

When dealing with MANET (mobile ad hoc network), one of the prime limitation is of the

'energy consumption' because of which entire nenvork's perfonnance gets drop down.

Pertaining to a muiti-hop NiAliET, energy eificienc,v can be gained by the scheme of

transmission power control wherein the data packets gets transmitted by the nodes to the

neighbor that is closest and has needs least power level. Though it's possible to lower just the

transmission power within the node's neighborhood and energy efficiency can be achieved at the

Iink level only. Based on the analysis and the output generated its ascertained that there can be

control over the routing scheme rather than making use of low transmission power. In addition,

there are only specific nodes for receiving and processing this routing request depending upon

the signai strength obtaineci baseri upon w'hich there can be re<iuction in the overaii energy

consumption of the network as r,lell as the communication overhead. The recommended scheme

encompasses an adaptive strategy which is highly energy efficient and obtains high transmission

range on the basis of AODV ERR (Ad hoc On-demand Distance Vector Routing Enhanced

Range Routing) Protocol by employing the new routing strategy via ERR Algorithm and

examined across multiple network sizes. There has been noteworthy change in the performance

with the recommended AODV ERR protocol in contrast to the simple AODV in connection with

tire seiecteci metrics.

3. METHODOLOGY

A. Ad Hoc on-Demand Distance Vector Enhanced Range Routing (AODV ERR) Protocol

There is a conduct of performance study [9] concerning the protocols DSR, AODV,

AOMDV, DSD and ivIDART frrr exarnirring the effest of transrnission range. The protocols

exhibit high performance in case the transmission range is less than half the size of the
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topological region. Reactive AODV routing protocol is selected based upon the examination for

improvement purpose. AODV which being a reactive/on dernand hop by hop protocol is efficient

for uni-cast and multicast routing. This protocol is seif-starting dynamic and projects loop-free

multi-hop routing. As and when the source requires, the routes are determined or discovered and

are maintained till the source needs them. Mainly routing relies upon two mechanism namely

route discovery and route

B. Received Signal Strength Estimation

There is modification in the routing strategy depending upon the power estirnation of

intennediate nodes tirat iras been received. For computing the signal strengtir tliat is rec-eived at

the nodes, the transmission power model is employed that also helps in selection of routing

region. The bi-directional links amidst the nodes and the node's transmission power are assumed

to be set equal by the AODV protocol. By the means of radio wave propagation models and

device parameters, the received signal power can be computed theoretically. The radio wave

propagation is characterized by the radio wave propagation models in terms of frequency

function, distance and rest of the conditions and helps in predicting the transmitter's effective

coverage area. The literatr"rre introduces three radio wave propagation modeis viz-iree space

model, two-ray ground reflection model and the shadowing model. Both the free space model

and the two ray ground model depicts the range of radio communication as an ideal circle.

4. STJMMARY

There has been affirmative simulation of AODV ERR algorithm by the means of

NS2. There is evaluation of the algorithms pertbrmance based on various neLwork scenarios. The

resuits ascertains anci reports noter.vorthy improvisation in performance and overhead reduction.

There can be implementation of "Enhanced Range Routing" in multipath MANET routing

protocols too. The influence or effect of "Enhanced Range Routing" in multipath AODV routing

algorithm can be addressed in future work. Apart from this, the future works can also cater to the

ways and means for dynamically estimating and setting the transmission range/power of the

nodes in regard to the various dynarnic network parameters thus achieving surpassed

improvement
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Extraction and Characterization of Biofilm produced byV$3D Strain and its Dye 

Adsorption Efficiency 

1. Introduction 

Dye effluents from the dye consuming and manufacturing industries such as paper, 

food, textile, etc. are one of the most problematic water pollution cases. Textile dye effluents 

contain reactive dyes in a concentration range of 5-1500 mg/L. Discharge of these effluents 

in the environment leads to some serious health problems as some of these dyes are 

carcinogenic in nature and affect the living organism's life (Wu et al., 2020; Melo et al., 

2020). Dyes on surface water also acts as a barrier to the penetration of sun light and aeration 

of water body, and thus also leads to the reduction of photosynthesis activity. The toxic 

nature of the dye effluents also causes death of soil microorganisms, which are used for 

irrigation purposes and thus, also affects the productivity of agriculture. Reactive textile dyes 

are highly water-soluble anionic dyes (Keshvardoust et al., 2019; Nanjani et al., 2020). They 

differ from the other classes of dyes since they covalently bind to textile fibers and cannot be 

easily removed by conventional treatment processes due to their stability under light, heat, 

oxidizing agents and biological degradation (Karampoula et al., 2016). Therefore, the 

treatment of dye contaminated effluents is currently a primary environmental concern.

2. Objectives of the proposal 

Soil samples would be collected from various locations at Erode District. The soil 

samples would be subjected to serial dilution technique and the strains identified by 

morphological and biochemical characterization. 

The isolates would be subjected to biofilm production using LB broth

mediumsupplemented with 0.3 % chitin flakes and confirmed by SEM imaging.

The potential strain would be tested for its dye adsorbing activity using different

concentration of extracts (50, 100, 200, and 300 ug/ml ) by_Bio adsorbing activity

characterized by UV spectrophotometer read at 528 nm 
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Relevance of the project 

The removal of the dyes from wastewater is required. Adsorption techniques are 

widely used to remove certain classes of pollutants from waters, especially those that are not 

easily biodegradable. Biosorption technology utilizing different types of biomasses is 

environmentally important since they can be used to remove toxic compounds from 

contaminated effluents. 

3. Methodology 

Soil sample collection and bacterial isolates 

Soil samples, 4 in number were collected in sterile containers from Erode district, 

Tamil Nadu, India. Bacteria present in the soil were isolated by serial dilution and spread 

plate technique. 
Biofilm support material: 

Shrimp shell chitin was purchased from Hi-media (India). The purchased chitin was 

boiled for 1-2 hr then washed with distilled water for removing the attached dust particles on 

the surface of chitin. 

SEM analysis: 

Visual identification of the biofilm formation on supportive material (chitin flakes) 

were confirmed by Scanning Electron microscope. 

Screening of potential dye adsorbing strains 

The dye adsorbing potential of studies, isolated bacterial strains BS3B, BSIF, OSIB, 

V$3A and VS3D were performed by inoculating the respective bacterial strains LB broth 

supplemented with 30ug/ml of dye and 0.3 % of chitin. 

Significance of the study 

The study results showed dye adsorbent potential of biofilm produced by the bacterial 

isolated VS3D. The biofilm produced by the strain adsorbed 50ug/ml concentration of dye 

when observed after 120 hrs of incubation time. 

4. Summary 

The results from this work indicate that the biosorption by bacterial biofilm in 

laboratory process could be a potential technology to remove dyes from textile effluent. 

However, further studies are needed to fully optimize this technology for environmental 

applications. Important questions currently under investigation include the establishment of 
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the exact mechanisms of biosorption by biofilm, understanding the dye transformations, and 

the development of ways to enhance efficiency of the bacterial biofilm. 
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ABSTRACT 
In the present investigation, four soil samples were collected from various locations of erode district. The soil 
samples were subjected to serial dilution technique which resulted in the isolation morphologically distinguishable 
five different bacterial strains designated as BS3B, BSIF, BSIF, VS3D, and VS3A. The five bacterial strains were 
screened for its biofilm production activity using tube ring assay and confirmed as best biofilm producers. The 
isolates were subjected to biofilm production using LB broth medium supplemented with 0.3 % chitin flakes. The 
formation of biofilm was confirmed by SEM imaging which showed the presence of biofilm cells on chitin flakes. 
Bio adsorption of dyes by the biofilm produced by the above isolated were performed by the absorption spectrum 
of visible spectrophotometer read at 528 nm. Based on the spectral data VS3D strain was found with potential dye 
adsorbing activity. The potential strain V$3D was tested for its dye adsorbing activity using different concentration 
of extracts (50, 100, 200, and 300 ug/ml ).The results showed dye adsorbent potential of biofilm produced by the 
bacterial isolated VS3D. The biofilm produced by the strain adsorbed 50ug/ml concentration of dye when observed 
after 120 hrs of incubation time. 

KEYWORDS: Bacterial strains, biofilm, tube assay, textile dye, SEM, decolorization.

remove certain classes of pollutants from waters, 
especially those that are not easily biodegradable. 
Biosorption technology utilizing different types of 
biomasses is environmentally important since they can 
be used to remove toxic compounds from contaminated 
effluents. The dye biosorption potentials of many 
different biological materials have previously been 

reported upon, including Thuja orientalis, Aspergillus 
wentii, Aspergillus niger", Trametes versicolor", and 
Phaseolus vulgaris L However, there are very few 
reports available about effectiveness of bacterial biofilim 
on dye adsorption. 

1. INTRODUCTIONN 
Dye effuents from 
manufacturing industries such as paper, food, textile, etc. 

are one of the most problematic water pollution cases. 
Textile dye effluents contain reactive dyes in a 
concentration range of 5-1500 mg L"'. Discharge of 
these effluents in the environment leads to some serious 

the dye consuming and 

health problems as some of these dyes are carcinogenic 
in nature and affect the living organism's life. Dyes on 
surface water also acts as a barier to the penetration of 
sun light and aeration of water body, and thus also leads 
to the reduction of photosynthesis activity. The toxic 
nature of the dye effluents also causes death of soil 
microorganisms, which are used for irrigation purposes 
and thus, also affects the productivity of agriculture.

2. MATERIALS METHODS 

Reactive textile dyes are highly water-soluble anionic 
dyes. They differ from the other classes of dyes since 
they covalently bind to textile fibers and cannot be easily 
removed by conventional treatment processes due to 
their stability under light, heat, oxidizing agents and 

biological degradation.Therefore, the treatment of dye- 
contaminated effluents is currently a primary 
environmental concern. 

2.1 Soil sample collection: Soil samples, 4 in number 
were collected in sterile containers from Erode district, 
Tamil Nadu, India. Basic physical parameters like p, 
temperature were recorded and stored. Samples were 
collected by scraping of the soil surface with sterile 
spatula and about 10g of soil were obtained at a depth of 
2-5cm.The samples were collected ata distance of about 
at least 1km each. All samples were kept aseptically in 
sterile plastic bags and stored at 4°C. Bacteria present in 
the soil were isolated by serial dilution and spread plate 

technique. 

Therefore, the removal of the dyes from wastewater is 
required. Adsorption techniques are widely used to PRINCIPAL 
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2.2 Isolation of bacterial strains: One gram of soil 

sample was suspended in 10 ml of sterile distilled water 

(10 ) in a test tube. The test tube was further subjected to 

serial dilution process and different dilutions were 

prepared from this. One hundred micro liter aliquots of 
dilutions 10 to 10 were taken in six different 

petriplates over which melted LB agar medium (PH 7.0) 
was poured. The plates were incubated at 30°C for 2-3 

days. Finally the bacterial colonies were isolated based 

on their colony morphology. 

washed twice with 50 mM phosphate buffer (pH 7.0) for 

20 min. The washed biofilms were subsequently 
dehydrated in a gradient of ethanol solutions (80% 
ethanol) for 10 min cach, and stored in 10% cthanol. 
These bone chips were dried, coated with gold particles 
and used for SEM analysis. The control chitin chips 

lacking cells were also prepared as described above. The 
gold coated samples were examined for SEM (FEI-

SIRION scanning electron microscope) images at 20 

kV 

A total of 5 bacterial colonies with visually 
distinguishable morphologies were randomly selected 
and isolated by directly streaking on LB plates and 
incubated for another 12-18 hours. The isolated colonies 
were then re-streaked on LB agar plates to obtain pure 
cultures. The viability of the isolated cultures was 

checked in LB broth and those found to be viable were 
screened for biofilm formation. Then the culture was 

2.7 Dye stock preparation 
The chemicals and reagents used in this study were of 

analytical grade (Himedia, India). The stock solution of 

dye (Reactive Red) was prepared by dissolving 1000mg 
of dye in 1 litre of sterile distilled water, which was 

further diluted for individual working concentrations. 

2.8 Screening of potential dye adsorbing strains 
The dye adsorbing potential of studies, isolated bacterial 
strains Bs3B, BSI, OSIB, V$3A and V$3D were 
performed by inoculating the respective bacterial strains 
LB broth supplemented with 30ug/ml of dye and 0.3 % 
of chitin. AI the inoculated culture flasks were incubated 

stored at 4°C for further work. 

2.3 Tube assay 
Primary qualitative biofilm screening was done using 
tube staining assay. The isolated 5 bacterial viz, BS3B, 
BSIF, OSIB, V$3A and VS3D bacterial isolates were 
subjected for the biofilm producing ability by test tube 
assay. The overnight cultures (100u) were inoculated in 
10 ml LB broth and incubated for 72 hours at 37°C. The 

tubes were decanted and washed with Phosphate Buffier 
Saline (PBS) (pH 7.3) and dried. The tubes were stained 
with 0.1% crystal violet. Excess stain was removed byy 
washing the tubes with deionized water and biofilm 
formation in tubes were then observed and documented. 

at room temperature for 120hrs. The culture was 
collected from the culture flaks at regular time intervals 
(12 hrs) intervals and the culture free supernatant was 
collected by centrifuge at 8000 rpm for 10 min. The 
adsorption was estimated by measuring the dye 
concentrations in the culture filtrate at regular time 
intervals for every 12hrs. The dye adsorbent ability of 
biofilm was read at 528 nm using a Uv.VIs 
spectrophotometer (Systronics, Model-2203). The dye 
uptaking ability of the biofilm was calculated by 
following formula. 2.4 Biofilm support material: Shrimp shell chitin was 

purchased from Hi-media (India). The purchased chitin 
was boiled for 1-2 hr then washed with distilled water for 

Decolounization (%)= Initial Absorbance - inal Absorbance) x 100 removing the attached dust particles on the surface of 
chitin. The washed chitins were heat dried in an oven at 
100 C for about 48 h and then they were made into small1 
flakes of about 4-6 mm size and these chips were used as 
biofilm support materials. Then these chips were 
thoroughly washed with distilled water and sterilized at 
15 psi for 30 min for further process (Figure 1). 

Initial Absorbance 

2.9 Effect of different dye concentrations on dye 
adsorption: The effects of different dye concentrations 
on dye adsorption were studied with different 
concentrations of dyes such as 50, 100, 200 and 300 
Hg/ml of dye. Selected bacterial strain VS3D was 
inculcated in 30ml LB medium supplemented with 0.3 % 
of chitin with different concentrations of dye. All the 
inoculated flasks were incubated at room temperature. 
The culture was collected from the culture flaks at 
regular time intervals each 20 hrs the culture free 
supernatant was collected by centrifuge at 8000 rpm for 
10 min. The adsorption was estimated by measuring the 
dye concentrations in the culture filtrate at regular time 
intervals for every 20hrs. The dye adsorbent ability of 
biofilm was read at 528 nm using a UV-VIS 

spectrophotometer. 

2.5 Biofilm formation: The isolates BS3B, BSIF, 
OS1B, VS3A and V$3D were subjected for its biofilm 
producing ability in chitin flakes medium. The prepared 
chitin chips were used as a biofilm supportive material. 
About 0.3 % of chitin chips were taken in LB medium 
and the pre-grown exponential cells were fed into each 
conical flask containing chitin chips. 

2.6 SEM analysis: Visual identification of the biofilm 
formation on supportive material (chitin flakes) were 

confirmed by Scanning Electron microscope. The 
selected bacterial strains were inoculated in 30 ml of LB 
medium with 0.3 % of sterile chitin flakes. The 
inoculated conical flasks were incubated at room 
temperature for 72hr. Then the biofilm chitin flakes were autoclaved FC and EPS were dried overnight at 608 C. 

2.10 FTIR analysis: To obtain the IR spectra of FC and 
EPS by IR spectroscopy (Shimadzu 8201PC, Japan) the 
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Approximately 0.01 g of the dried biomass/EPS was 
mixed with 0.l g of KBr and pressed into a tablet form 
by pressing the ground Mixed material with the aid ofa 
bench press. The resulting pellet was transparent and was 
used to test the surface functional groups by IR 

spectroscopy (Shimadzu 8201PC, Japan) where it was 
scanned between 4000 and 400 cml at a resolution of 4 

recorded over the range of 10° to 60° (20) with a step 
length of 0.02° (20). 

3. RESULTS 
3.1 Soil sample collection and isolation of bacterial 
strains: In our study, 4 soil samples were collected from 
different sites of Erode District such as (Sample I -

11°38'57.5"N 78°09'35.9"E, Sample II 11°38'53.9"N 
78°0941.8"E, Sample III - 11°38'52.4"N 78°09'39.2"E 

and Sample IV - 11°38'52.8"N 78°0941.0"E), Tamil 
Nadu, India (Table 1). Five bacterial isolates BS3B, 
BSIF, OSIB, VS3D, and VS3A were screened randomly 
by visually distinguishable morphologies (Figure 2a and 

26). Isolated bacterial strains were subjected to various 
studies. The Bacterial isolate V$3D showed best biofilm 

cml. 

2.11 XRD analysis: The powder X-ray diffraction 
spectrum (XRD) was analyzed with XPERT-PRO 
system. To study the interaction between control biofilm 
and dye treated biofilms samples were used for X-ray 
diffraction studies. For XRD analysis both the biofilm 
samples were dried with hot air oven at 80°C for 24h and 
the dried biofilm samples were powdered with the help 
of mortar and pistil. The diffraction spectra were 

formation qualitatively during Test tube assay. 

Table 1: Geo-location of soil sample collected sites and sereening of potential biofilm producing bacterial 
isolates. 

Sampling 
Location 

Primary sereening Bacterial strains (tube assay) 
Soil characteristics S. No Geo-Location 

pH & temnp. 
11°38'57.5"N 
78°09'35.9"E 
11°38'53.9"N 

Erode Town 7.2 and 322 2(BSIF, BS3B) 

Erode Town 7.2 and 32 1 (OS1B) 78°0941.8"E 
11°38'52.4"N 

3 Erode Town 7.1 & 33 + 1 (V$3A) 
78°09'39.2"E 
11°38'52.8"N 

Erode Town 7.4 and 33 ++ 1( VS3D) 78°0941.0"E 

3.2 Morphological and biochemical characterization 
The morphological and biochemical characteristics of the 
selected strains were studied (Table 2). The isolated 
bacterial strains produced circular, light yellow mucoid 
colonies on LB medium (Figure 26). The biochemical 
results showed that all the isolates was motile, non- 
pigmented and gram negative rod. They showed negative 

result in Indole production, MR and oxidase but gave 
positive results for VP, catalase, HS production and 
citrate utilization tests. The results of morphological 
characteristics and biochemical tests revealed that the 
selected bacterial strains belong to Enterobacteriaceace 

family. 

Table 2: Morphological and biochemical characterization of the selected isolates 
S. No 

1 
Characteristic BS3B 

Morphological characterization 
Gram reaction 
Cell shape 
Colony 
MorphologY 
Pigmentation 

Motility 
Biochemical characterization 
Catalase 

Indole 
MR 

VP 

BS1F OSIB VS3A VS3D 

Rod Rod 
Raised and 

Rod Rod 
Round and 

Rod 
Flat and Round and Flat and 

white white grey iregular iregular 

Citrate 

H2S 
Oxidase 

Note: + positive result, '-' negative result 
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3.3 Sereening of biofilm producing bacterial strains 

The test tube assay was performed to identify the 

potential biofilim producing bacterial strains by 

qualitative manner. The biofilm production assay of the 

tested bacterial isolates showed positive results for 
biofilm production. The bacterial strains produced blue 
color ring on side wall of test tubes. The isolate strain 
VS3D showed visually highest production capacity as 
compared to other tested bacterial strains (Table I and 
Figure 3). Further, biofim producing ability of the 

bacterial strains was assessed by quantitatively. The 
strain VS3D showed higher amount of biofilim 
production (88 mg/50ml) followed by this, the strain 
BS3B (78 mg/50ml), BSIF (58 mg/50ml). OSIB (49 
mg/50ml) and VS3A 
considerable amount of biofilm (Figure 4). 

different concentrations of dye ranging from 50, 100, 
200 and 300 ug/ml in acrobic conditions at pH 7.0+0.2 
with room temperature (Figure 7). Figure 7 showed the 
dyc adsorbing ability of the biofilm extracted from thec 
strain VS3D. The complete dye adsorption was obscrved 
after 120 h incubation at 50 ug/ml concentration of dye. 
While increasing the concentration of dye in adsorption 
medium, the dye reducing ability of biofilm was 
decreased significantly. 

3.7 FT-IR analysis 
The functional groups present on the surface of the 
biofilm are responsible for the adsorption of textile dye 
and other heavy metals due to the nonspecific interaction 
of synthetic dye compounds with them. To study the 
possible interactions between biofilm and textile dye, the 
FT-IR spectra from was recorded at a wavelength of 400 
to 4000 cm". The surface functional group changes of 
the biofilm were illustrated in Figure 9. While comparing 
control biofilm and dye treated biofilm, dye treated 
biofilm showed several distinct, medium and weak bands 
at different wavelength. Whereas, control and dye treated 
biofilm displayed some similar kind of banding patterns 
such as 3415 cm (alcohols, phenols group), 2925 cm 
(alkanes groups), 1319 cm" (nitro compounds) and 1403 

cm' (aromatics groups). 

(37 mg/5Oml) produced 

3.4 SEM analysis 
Biofilm production was further confimed by Scanning 
electron microscopic imaging (SEM). Scanning electron 
microscopy images revealed the formation of bacterial 

biofilm on the surface of the chitin flakes. It is observed 
that the bacterial biofilm cells are well distributed on the 
surface of chitin flakes. They are attached to the chitin 
flakes surface and developed into a biofilm within 72 h. 

(Figure 5). 

On the other hand, few strange variations were also 
observed in dye treated biofilm while compared with 
control biofilm. The FTIR spectra of the dye treated 
biofilm showed a highly significant shift in frequency 
from 1116 cm" to 1095 cm. Interestingly, few new 
peaks were observed in dye treated biofilm sample such 
as 654 cm (alkyl halides) and 54l cm" (alkyl halides). 
However, few peaks were disappeared in dye treated 
biofilm samples as compared to control (1890 cm', 1815 
cm' and 926 cm'). 

3.5 Screening of biofilm producing strains with dye 

adsorption ability 
Bioflm from the selected five bacterial strains were 
subjected for dye adsorption analysis. The biofilm 
extracted from VS3D showed more dye adsorption 
ability when compared with other biofilm producing 
strains. It showed 100% adsorption of dye after 3 day 
incubations at 30ug/ml concentrations of dye. 
biofilm from BS3B, OSIB, VS3A and BSIF strains 
showed significant dye adsorption respectively (Figure 
6). Back on the preliminary screening, strain VS3D was 
selected for further adsorption studies. 

The 

3.6 Effect of different concentrations of dye on 
adsorption: We have investigated the effect of different 
dye concentrations on dye adsorption ability of the 
extracted biofilm. The bioadsorption was monitored at 

To confirm the dye and biofilm interaction, control and 
dye treated biofilm samples were subjected to XRD 
analysis. From the diffractograms patterns, control and 
dye treated bacterial biofilm show clear and perfect 
crystal peaks and we did not observed any clear peak for 

dye adsorption (Figure 10). 
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Figure 2: Isolation of bacterial strains from soil samples. 1) spread plat techniques and 2) pure culture on LB 
medium. 

cONTRo o16 

Figure 3: Qualitative and visual identification of biofilm producing bacterial strains. 

Biofilm production 
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Figure 4: Quantitative estimation of biofilm from the selected five bacterial strains. 
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Figure 5: Scanning electron microscopy observation of biofilm formation on chitin lakes (arrowhead) after 72 h 
incubation
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Dye Adsorption at 30ug/m 
18 

16 

14 

L Day 1 

Day 2 

Day 3 

L 
BS38 BS1F Os1B VS3A VS3D 

Bacterial strains 

Figure 6: Screening of potential dye adsorbing biofilim producing bacterial strains 

004 2ooh 

Figure 7: Visual observation of different concentrations dye adsorbing ability of biofilm extracted from VS3D 
strain 

Effect of different concentrations of 
dye on dye adsorption 
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Figure 8: Effect of different concentrations of dye on dye adsorbing ability of the biofilm 
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Figure 9: FT-IR spectra of the control biofilm and dye treated biofilm samples. 
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Figure 10: X-ray diffraction of dried powdered control biofilm and dye treated biofilnm. 

According to our results extracted biofilm from bacterial 
strain V$3D showed potential dye adsorbing ability as 
compared to other four tested bacterial strains. This 
result concludes that all the bacterial biofilm does not 

4. DISCUSSION 
The textile wastewater is known to have strong color, 
large amount of suspended solids (SS), broadly 
fluctuating pH, high temperature, and high chemical 
oxygen demand (COD) concentration. 
methods are generally cheap and simple to apply and 
have been recently applied to remove organics and color 
of textile wastewater. But the refractory pollutants 
caused by textile industries cannot easily be degraded by 
traditional biological process and remain in thee effuent. 
Physico-chemical methods used for the removal of 
colour from effluents are effective, but they show several 
disadvantages in terms of operational problems, high 
cost, and sludge production. Moreover, these methods 
consume more energy and chemicals than biological 
processes. A number of studies have focused on 
microbial decolourization of azo dyes. Biological 
systems used for the treatment of wastewater containing 
dyes are more favorable due to their cost effectiveness, 

production, 

friendliness. The current focus is now shifting toward 
the development of environment friendly biological 

having the dye adsorbing ability. Biofilm-mediated 
bioremediation presents a proficient and safer alternative 
to bioremediation with planktonic microorganisms 
because cells in a biofilm have a better chance of 

Biological 

adaptation and survival (especially during periods of 
stress) as they are protected within the matrix.Owing 
to the close, mutually beneficial physical and 
physiological interactions among organisms in biofilms, 
the usage of xenobiotics is accelerated and, 
consequently, bio- films are used in industrial plants toD 
help in immobilization and degradation of pollutants. 
The use of biofilms for water and wastewater treatments 
in the early 1980s. However, it is only during the past 
few decades that biofilm reactors have become a focus of 
interest for researchers in the field of bioremediation. 
However, dye adsorbing ability of the bacterial biofilm 
was reduced significantly with increasing concentrations 
of dye. Similar kind of adsorption was reported by. 

lower sludge and environmental 

treatment systems. 

In this study, five potential bacterial strains were isolated 
from different soil samples collected from Erode district 
of Tamil nadu. Previously, similar kind of biofilm 
producing bacterial strains was isolated from the 
municipal dump yard of Tenali, Andhra Pradesh. On 

the other hand, few others researchers isolated biofilm 

producing bacterial strains from dye contaminated 
soils and mounth swabbing. 

While analyzing the control and dye treated biofilm 
samples by FTIR spectrum, few new peaks were 
appeared in dye treated biofilm samples (alkyl halides 
functional group). However, few peaks were disappeared 
in dye treated biofilm samples. These results were clearly 
indicated the possible interaction between dye and 
biofilm. Similar to our findings, observed few new 
peaks at Red MX 5B dye treated exopolysaccharide 
extracted from Bacillus subtilis. On the other hand, we 
did not observe any clear variations in control and dye 
treated biofilm samples in XRD analysis. Biofilm producing ability of the bacterial strains was 

confirmed by test tube assay. Test tube assay is a simple 

and efficient protocol for primary identification of 
biofilm producing bacterial strains. The use of crystal 
violet allowed us for direct visualization of biofilm 

formation in the test tube walls. This result clearly 
showed that the crystal violet bounded ring formation 
around the air-liquid interface of the tubes in all positive 
strains, somewhat with different thickness. The strain 

VS3D produced higher amount of biofilm production. 

The results from this work indicate that the biosorption 
by bacterial biofilm in laboratory process could be a 
potential technology to remove dyes from textile 
eftuent. However, further studics are needed to fully 
optimize this technology for environmental applications. 
Important questions currently under investigation include 
the establishment of the exact mechanisms of biosorption 

by biofilm, understanding, the dye transformations, and 
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the development of ways to enhance eficiency of the 
bacterial biofilm. 

14. Rajbir Singh, Debarati Paul and Rakesh K. Jain, 
Biofilms: implications in Bioremediation TRENDS 
in Microbiology Vol.14 No.9. 

15. Anjancya, O, S.S. Shrishailnath, K. Guruprasad, 
Anand S. Nayak, S.B. Mashctty, T.B. Karegoudar Decolourization of Amaranth dye by bacterial 
biofilm in batch and continuous packed bed 
bioreactor 
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