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1. lntroduction
The synthesis of nanoparticles ancl their therapeutic efficacy
against infectious and non-infectious disease has, impressively,
attracted the attention of scientists and been investigated
extensively for the last tvvo decades worldwide.,-, Synthesis of
noble nanoscale materials is a multidisciplinary approach
converging the flelds of physics, meclicine, biotechnology and
chemistry,ns Metal based nanoparticles are very attractive, in
particular because of their promising applications in various
sectors and cost eft'ectiveness.6,7 Anrong them, the biosynthesis
of silver nanoparticles (AgNPs) secms to be advantageous for
biomedical applications, especially in therapeutic interventions
because of their characteristic physiological and biological
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Nanoparticte biosynthesis using the extract of medicinal ptants rn a non-hazardous mode has gained wide
attention for various applications tn nanomedicine. This study aimed to synthesize sitver nanopartictes
(AgNPs) using the aqueous extract of lhe Garcinia imberti and to evaluate their antibacteriat and
cytotoxic activities. Structural characterization of synthesized AgNPs was carried out using UV-Vis
spectrophotometry, scanning etectron microscopy (sEM), X-ray djffraction (XRD) and Fourier transform
infrared spectroscopy (FT-lR). SEM showed the formation of partictes with average srzes of 25 to 40 nm.
Enerqy dispersive spectroscopy (EDS) was used to anatyze the AgNPs within the energy range of j-J.1
keV to detect the presence of sitver. Atso, the presence of the face centered sotid cubic crystaI structure
of rnetallic sitver was confirmed witt'r X-ray diffraction (XRD). The functional groups of the biomotecutes
presentintheaqueousextractof G imberti andtheirinteractionwithAgNPswereidentifiedthroughFT-
lR analysis. The biosynthesized AgNPs exhibited antibacteriaI activity against root canaI isolates of
Staphylococcus sciuri 55, Enterococcus faecalis 59 and Enterococcus faecium S11. The green
synthesized AgNPs showed no srqnificant effects on HepG2 cett lrnes at 75 1rg mL-1 Thus, the
biosynthesized AgNPs are found tc..have potential for nano based druq dellvery in future root canal
treatment applications.

properties.s-lo AgNPs are known to have promising biological
potential including antiuricrobial,ll antioxidant,l2 anti-
cancer,13''o antidiabetic,ts antifungal,l6'1, antiinflammatory,rs
antiviral,'e antiangiogensis,0 and antiplateletzr activities.

Silver nanoparticles emanated as potent antirnicrobiat
compounds with enhanced efficacy against Gram-pt_tsitive and
Gram-negative bacteria, incltrding drug resistant strains, and
are the best suited alternatives for antibiotics that pose
a menace for bacterial resistance to drugs. Generally, silver in its
ionic22,23 or metallic form has high antimicrobial activity
through rapidly binding to a variery of negatively charged
molecules (proteins, DNA and RNA) in the pathogens.,o The
search fbr eco-friendly, more promising and cost eff'ective
strategies to synthesize nanoparticles offered a better way of
exploring vast biodiversity especially plants sources for greener
biosynthesis of nar.roparticles. Tl.re green synthesis of nano-
particles using herbal extracts has superior biological activities
and proven as less toxic to human.rt plant extract based
synthesis of AgNPs and its bio-potentials are well documented
witlr Ficzssy comorus,"u Myristica .[ragrans,r, Helianthus tuber-
ostrs,'8 Tinospora cordifolia,ze Chrysanthemum indicufr L.,ro
Mimusop s elengi L.," and Azadirachta indica L.32 G arcinia imberti
bourd is an endangered plant belongs to the family Clusiaceae
found evergreen in the South western Ghats, India, which has
better antioxidant33 as well as antimicrobial activity.34 However,
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Abstract Biogas production liorn cow dung with co-
substrate agricultural waste is one of the most demanding
technologies for generating energy in a sustainable
approach considering eco-friendly. In the present study,
cotfee pulp (CP) was pre-treared with l%o NaOH and
combined with various proportions of cow dung (CD) to
explore its biogas producing potentiality. The optimization
of the process was studied using Response surface
methodology. Statistics based on 3-D plots were generated
to evaluate the changes in the response surface anrl to
understand the relationship between the biogas yielil and
other parameters. The highest methane pro<iuction
(144 ml/kg) was achieved aftcr 90 h of incubation with
l:3 of CP and CD at 40 'C. Gas chromatography analyzes
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the chemical compositions ol the generated biogas and its
post combustion emissions. The chemical composition of
the substrates before digestion and after fermentation
(biogas spent sludge) were measured in terms of fiber
content and the values were noted as, total solids (0.53Eo),
ash content (9.2Vo). volarile fatty acicl (100 mg/L), or_sanic
carbon (46Vo) and a total carbohydrate (179 mg/g). The
results of the optimization of biogas production presented
in this work found to have significance with the process
parameters. The outcome of the study has supported the
fact of conventional combustion tecl.rnology that has to be
upgradecl to prevent these hazardous emissions into the
atmosphere.

Keywords Biogas . Coffee pulp . Cow tlung . Response
surface methodology . GC-MS

lntroduction

Biogas production tlom a variety of agro-industrial wastes
through anaerobic digestion is ,urowing worldwitle and is
considered ideal in many ways due to its economic and
environmental benefits (Grisel et al. 2014; Fantozzi and
Buratti,201 l;Abbasi and Abbasi 2010;Fantozzi and Buratti
2009; Simpson-Holley et al. 2007; pandey er al. 2000).
Methane t'ermentation is the rnost ctficicnt technology fbr
energy generation from biomass in ter.ms of energy output/
input ratio (28.8 MJ/MJ) among all the technologies used for
energy production through biological and thenno-chernical
routes (Deublein and Steinhauser 2008).

Cottbe is the second largest traded cornmodity in the
world and generates large amounts of by-products and
residues duling processing (Grisel et al. 2014). Industrial
processing of coff'ee cherries is perfbrrned to separate
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Biosynthesis of silver nanoparticles from Spirulino microalgae
and its antibacterial activity

Govarthana, N{uthusamy r'2 . selvankurrrar Thangasamvl . }l;-thili llaja r

Sudhakar Chinnappanl . Selvarn Kandasamyr

Received: I4 June 2017/Accepted: l3 Jul_,' 2017
((.: Springer-Verlag CimbH Germany 201 7

Abstract The present rvork focuses on a low-cost, simple,
and green synthesis of silver nanoparlicles (AgNps) by
nrixing AgN0-j solution with the exrract ofsplrulina pkttensi,t
(SP) rvithout any chemical reduoing and/or capping agenrs.
The green synthesis <lf AgNPs rvas confiimed by the color
change from colorless to yellowish brown. The biosynthesis
of AgNPs was lirrther confirmecl b_"- UV-visible spectroscopy
(U\rvis), Fourier transtbrm intiared speoroscopy (FT:IR), X-
ray iliffraction (XRD), biological tr.ansmission electron mi-
croscopv (Bio-TEM), ancl energy tlispersive X-ray analysis
(EDX). The UV-r,is spectroscopy rcsults showeci the surface
plasmon reson&nce (SPR) of AgNPs around 450 run. Bio-
TEM analysis revealed that the Ag nanoparticles rvere well
dispersed with average range of -s-"50 nm. XRD results ind!
catecl that the grecn synthstic prc)c:ess produced i,lcc-crentcreci
cubic structure of AgNPs. F1'-lR spectroscopy analysis
showed that the bioactive molec,ules tiom the Sp extract be-
lieved to be the responsible fol the reduction of Ag ions.
Fur-thcrmorc, the synthesized AgNPs ll,ere evaluated against
pathogens such as Stophylococcu.r sp. and Klebsiella sp. The
AgNPs (l-4 mM) extensively reduccd the grou,th rate of the
pathogens.
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Green synthesis

Introducfion

Nano-biotechnology is gaining more attention d.ue to its eco-
liiendly. economical, and green approach to silver nauoparti-
cle synthesis. Lt recent years, researchers have been altractecl
hy silver nanoparticles clue to their uniclue properties in the
fleld ofrnedicine. scicnce, and tec,hnology, such as antibacte-
rial (Govarthanan et al. 20 I 4; Sengottiyan et al. 20 1 6a). cath-
cters (Roe et al. 20{i8), tbocl containers (Echegoyen ancl Nerin
2013), and antic:ancer (Rajcshkumar et al. 2016). AgNps can
be prepared conventional physico-chemical n.rethods.
Horvever, these physico-chemical methods have many disad-
var')tages due to the difficulty ol scalins up the process of
synthesis, toxic. flamn.rable c:hernicaI substauces, ancl requirecl
specific equipment and higher costs. Several sftrdies have re-
portecl the disarh'antages of physical and chemical synthesis
of'AgNPs (Suman et al. 2[]l-l; Yousefzacli et al. 2014).
Conternpr.rrary to these physico-chemical methods, greel.l syu-
rhcsis of AgNPs using biological materials has crncryed as a

simple, environmsntally tiiendly, and cost-cffective rnethod.
The natural products involving in the synthesis of AgNps

received tremenclous attention in the lield of bio-nanorraterial
(Gaidhani ct al. 201-'1). Amorrg thc biological matcrials, mi-
croolganisms (Rcddy ct al. 20 l0: Kumal and lvlamidyala
l0l I ; Otari et al. 20121 Gaidhani et al. Z0 t3), plants
(Aravinthan et al. l0l5; Sengottaiyan et al. 2016b;
Serthilkumar et al. 2016). antl green al_uae (Mahdieh et al.
llll2: Sinha ct al.2015) havc bcen rcpor-tcd thc synthcsis
AgNPs. However, the synthesis of microalgae nanoparticles
rvith antibacterial application is less inlbrmative.
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Isolation, identification and characterization of arsenic
transforming exogenous endophytic citrobacter sp. Rpr
from roots of Pteris vittata
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Abstract The aim of the present study was to assess the Keywords Arsenic . Transtbrmation . Bioremediation .

arsenic (As) transfbrmation potential of endophytic bacte- Pteris t,ittata . Citrobacter
ria isolated from roots of Pteri:; vittata plant. The endo-
phytic bacterium was tested tbr minimal inhibitory
concentration (MIC) against As. The endophytic strain Introduction
RPT exhibited the highest resistance to As(V) (400 mg/l).
Phylogenetic analysisof the 165 rRNA sequence suggested Arsenic (As) contamination in environment is a major
that strain RPT was a member of genus Citrobacter. The problem in all over the modern industrialized world. It has
As transformation assay revealed As(IIf oxidation and received increasing attention due to its carcipogenic
As(V) reduction potential of Citrobacter sp. RPT. The As impacts on human health. Mining and metallurgical
resistance mechanisnr was further conlirmed by amplifi- iictivities lead to As pollution in the environrnent (Zhu
cation of ar^sC and aoxB genes. The growth kinetics of et al. 2014). Due to negative clinical effects of As con-
strain RPT was altered slightly in the presenoe of different tamination to humans warrants urgent issue for rnitigation
ooncentration (100-400 rng/l) of As stress. Temperature iind sustainable environmental management. Several
and pH influenced the As removal rate. The maxirnum As physical ancl chemical techniques have been developed for
removalwasobservedatpHT.0 (.7{Vo)and37 "C(70.9Vo). rnitigation of As pollution fiom soil anil water (Yuan and
The results sLrggest that strain RPT can survive under the Chiang 2007; Fu and Wang ltll l). Although the physico-
As stress and has been identified as a potential candidate chemical methods have extensive removal application, the
tbr application in bioremediation of As in contaminated high cost solid and liquid waste generation from the
environments. remediation process causes unsustainable environment

(Tiwari et al. 2016). Therefore, it is necessary to expantl
the remediation process to reduce its eft'ects on ecosystem.

Bioremediation is a promising technology to remove As

M ,*""..r"r- 
from contaminated soil and water, which is cost-effective
and eco-fi-iendly compared to physico-chemical methodsgova'muthu@grnail'com (Govarthanan et al. 2013, 2015a). Microorganisms are

E Hyunook Kirn primarily used in the bioremediation to degrade or detoxityh-kirn@uos'ao'kr the As into harmless and less toxic fbrrns. Several micro-
I pG and Research Deparlment of Biotechnology, Mahendra bial prucesses involve the rernoval of As in soil and water,

Arts and Scienoe Coilege (Autooomous), Kalippatti, including oxidation, reduction, adsorption and microbe-
Namakkal, Tamil Nadu63750l, Inclia mediated electron transfer (Diesel et al. 2009; Guo et al.

2 Departmentof Borany,ArignarAnnaGovernmentArts 201,5). Generally As is toxic to microorganisms; however,
College, Namakkal, Tamil Nadu 637002, India several microorganisms gain the energy for rapid growth

3 D"partmenr of Energy and Environrnental System by metabolizing the As (Oremland and Stolz 2003,2005).
Engineering, Llniversity of Seoul. S.'oul, Republic of Kolea The As-resistant microorganisrns utilize the As derivatives
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Cellulase enzyme: Homology modeling, binding site identification and
molecular docking
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ARTICLE INFO ABSTRACT

Cellulase is an enzyme that degrades the linear polysaccharide like cellulose into glucose by breaking the
p-1,4- glycosidic bonds. Thesc enzymes are the third largest enzymes with a great potential towards the
ethanol production and play a vital role in degrading the biomass. The production of ethanol depends
upon the ability of the cellulose to utilize the wide range of substrates. In this study, the 3D structure of
cellulase from Acinetobader sp. was modeled by using Modeler 9v9 and validated by Ramachandran plot.
The accuracy ofthe predicted 3D structure was checked using Ramachandran plot analysis showed that
81.1% in the favored region, compatibility of an atomic model (3D) with amino acid sequence (1D) for the
model was observed as 78.21% and 49.395% for Verify 3D and ERRAT at SAVES server. As the binding
efficacy with the substrate might suggests the choice of the substrate as carbon and nitrogen sources, the
cellobiose, cellotetraose, cellotetriose and laminaribiose were employed in the docking studies. The
docking of cellobiose, cellotetraose, cellotetriose and laminaribiose with cellulase exhibited the binding
energy of -6.1523 kJ/mol, .7.8759 kJ/mol,-6.1590 kJ/mol and 6.7185 kJ/mol, respecrively. These
docking studies revealed that cellulase has the greater potential towards the cellotetraose as a substrate
for the high yield of ethanol.

a 20-l.7 Elsevier B.V. All rights reserved.
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lGywords:
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1. Introduction

Cellulases are inducible enzymes, which can be synthesized
through microorganisms during their growth on cellulosic sub-
stances. They are studied drastically because of their application in
the hydrolysis of cellulose, the amplest biopolymer and the po-
tential source of utilizable sugars, which serves as a raw material in
the manuFacturing of chemicals and fuel l1]. Cellulose is an un-
branched glucose polymer composed of D-glucose units connected
through a 1,4-p-D glucosidic bond. It is degraded by enzymes

* Corresponding author Department of Energy and Environmental System En-
gineering, University of Seoul, Seoul, Republic of Korea.
r* Corresponding author Centre for Biotechnology, Muthayammal College ofArts

and Science, Rasipuram, Namakkal. 637 408, Tamil Nadu, India.
E-mail oddresses: fib:;illlrtiii:.*{\rttityr\;tii.;;:t;' (B. Senthilkumar), t ./ii.i\.tLt1:ir,Ltti)

7tr;tii.t:t:*'' (M. Covarthanan).

|t t"tt: i l {r\..i,.ti.oi!,i t*.1i:t 1ti i j.t11,r1i1t t :.':.011.ti\.i ).: 17

0022-2860/0 2017 Elsevier B.V. All rights reserved.

produced with the aid of both bacteria and fungi. As cellulose is a
completely stable polymer, powerful hydrolysis of it requires the
synergistic action of several enzymes, which include endo-p-1,4-
glucanases, exo-p-1,4-glucanases (or cellobiohydrolase) and F-
glucosidases l2- t)j. The mechanism of cellulose hydrolysis by
means of cellulases has been studied enormously i7 j.

Cellulases are used in lots ofbiotechnological applications, such
as fiber modification in the paper and textile industries, but they
also have great ability in the rising industry ofethanol production
from lignocellulose. To decrease the water utilization and reduce
the expenses of equipment and distillation, the hydrolysis of
lignocellulose need to be conducted at an excessive concentration
of solids. This approach unavoidably outcomes in excessive con-
centrations of the hydrolysis end-products cellobiose and glucose,
and it has been proposed that the end-product inhibition of cel-
lulases is rate limiting for lignocelluloses hydrolysis in high-solid
conditions lli,l;1. Thus, relieving the product inhibition becomes a
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Molecular modeling and docking of protease from Bacilhs sp. for the keratin
degradation
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ARTICLE INFO ABSTRACT

In this present study, the 3D structure of protease from Bacillus sp. was modeled by using modeler 9v9. The
generated structure was accessed for geometrical errors and energy stability using MMPAGE, vERFIy 3D,
ERMT and PROSA. The proteolytic nature of this modeled protease was determined by docking studies using
FlexX. The kertinolytic activity was revealed by using polysacchadire sub units such as arabinose, rhamnose,
galactose, and glucose; aminopeptidase activity was revealed by using amino acids like methionine, leucine,
rivastigmine and also by protease inhibitor like N-carbobenzyloxy-L-alanine and 4-amidino phenyl methane-
sulfonyl flurode. The docking studies showed that Asp160 and Try246 residues were mainly involved in binding
ofall the compounds and other important amino acid residues such as His85, Asp97, GIul31, Asp160, Glu131,
Glu132, Asp160, Tyr246, and His247 were involved in hydrogen bonding with the substrates. These studies also
determined the substrate recognition pattem and the development of suitable protease can potentially enhance
its applications in keratin degradation.

Keywords:

Protease

Bacillw sp.

Kertinolytic activity
3D modeling
Molecular docking

1. Introduction

Proteases are proteolytic enzymes that catalyze the breakdown of
proteins by hydrolysis of peptide bonds. Proteolytic enzymes are ubi-
quitous in existence, it is being found in all living organisms, and is
crucial for cell growth and differentiation. In accordance with global
enzyme sales of industrial enzymes, protease accounts for 60*64% and
constitutes to be a largest product segment of industrial enzymes (Ch,
21.)!{}7: Sltizttk;tt: el itl.,2111.1, hn*antitlrti t:i.;ti..21}74; Satl:ir a-.scl f}ijen<1t:r
lirir\1.?jr. ?,l.t1tt; 5t:1:;;9,,t t:l ;.ti., 21)t"{)). The serine alkaline proteases are
one of the most important groups of industrial enzymes. They account
for approximately 350/u of the total microbial enzyme sales (i3j1t1i1ii1

t:t. t\1., '?-81:1.). The proteases are highly valuable commercial enzymes as
various applications in food, pharmaceutical, detergent and dairy in-
dustries ({i.tpli1 i'.?, i1|. :;t-tt)Z.; ''i t:1izticl, 2i}i, )-, t'..:(..ita,i t,,}- tt1., Z.1)liti: 1Lti:itt;t:.1.t:,2.

t.t al.. :itll{i; t!,ttufii"ii au.ti l.)r:y.. )t.}12.: l)i:itilt:,l t:i ;i.,2i-11'.1). Several Bo-
cillus sp.like B. cereus (lttitkaslt t:t i21., J:.t1.1), Bacilhts lichenifunnis (tr)n

,:l rl., 1..',{}15), Bacillus megateium (?,,;i,i:r r::i :tt, ',ti.}i,,), B. ster-
othermophiltts (,t)ni1:.1.r1t':* 1.:i iti . 2i:,1i)), Bacillus mojavensis (i 1tt i,.i;tt t.t ;t1 ,
:{.1111}), Bacilllts pumihs (,liz'rz;,tii ,:i .i .2.ti1il) and B. subafts (ir1:,,.,.ttr.1.,',,r7,

.':. i\l.,20.111) were involved in production of a wide variety of extra-
cellular enzymes, including proteases.

The molecular docking approach can be used to model the inter-
action between the molecule and a protein at the atomic level, which
allow us to characterize the behavior of molecules in the binding site of
target proteins as well as to elucidate fundamental biochemical pro-
cesses (itr{ar;:r:':r: i:.1. i:1.. .1.t}\}l: l.tei.1t1,l, i1i\i 7,t::'.s.2t.}1O:, li,zitt t:.1. t;1...2{}1.4).
An important rype of molecular docking is protein-ligand docking be-
cause of its therapeutic applications in modern structure-based drug
design. A disadvantage of these methods is their dependence on t}le
molecular data sets used to perform regression analyses and fitting.
Protein 3D structure is major pre-requisite for understanding the
function and evolutionary relationship. Various studies have reported
the potential in silicon application of homology or comparative
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"" CorrespondinS author at: Departrnent of Biotechnology, Mahendra Arts ild Science College (Autonomous), Kalippatti, Namakkal 637501, Tamil Nadu, India

irilri;. :./an)i.i)rr.,'j 11 1, 1.)1 t:,: i).bi.r1,1...:ii1'./. l. 1.at i it,

Received 25 AuSust 2017; Received in revised fontr 20 November 2017; Accepted 29 Novenrber 2Ol7
Available online 05 December 2017
1878-8181/ O 2017 Elsevier Ltd. All rights reserued.

P$tlfuta;*dria-
t4AHENDRA ARTS & SC|EI{CE COtL€l"r

{..tu tcrtotnousi
{e!ir}Ra!?i(Pe )- 637 501. Nanrakkel/lr\

Biocri.tl,'i;$ ti;,J full.iirr I I 1ti;il L\i' ,i:, t1i,,.tl{\iy t:l i :$13} )5. \ar.1

,j,iiffiifl;i,ru
i-: :ii '.': i'i"i

s



Environmental Science and Pollution Research

https//doi.org/1 0.1007/s1 1 356-01 7-084 1 -1

Biomimetic synthesis of silver nanoparticles using flower extract
of Bauhinia purpurea and its antibacterial activity
against clinical pathogens

Sudhakar Chinnappani . Selvam Kandasamyr . Sengottaiyan Arumugaml . Kamala-Kannan Seralathan2.
Selvankumar Thangaswamyr . Govarthanan Muthusamyl,3
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Abstract
In the present study, rve have reporfed an eco-fiiendly, rapid. and -srrlple rnethod tbr the synthcsis of silver nanoparliclcs (AgNPs)
ttsing Bouhinio purpureo flou,er extract as non-toxic bioreducing agent. The formation of AgNPs rvas confirmed by UV*visible
spectroscopy, transrniss.iott electron microscopy (TEM), scanning electron microscopy and energy-tlispersive spectroscopy
(SEM-EDS), Fourier transform inttared spcctroscopy (FT-IR). antl X-ray difliaction (XRD). The synthcsized AgNPs we1e
spherical in shape lvith an avcriigc size of 20 nm. Fufihcrrnorc. thc antibacterial ac:tivitics of thc synthesizcd AgNPs (2*
l0 mM) against clinical pathogens, Klebsiella sp. and Staphvkt or;c:tr.r sp., were evaluatecl under irl lilro conditions.

Keywords Bauhinia put'parco . Biomimetic synthesis . Silver nanoparticles . Antibacterial aotivily

lntroduction

In recent year:s. produc:ticln and chaniclcrization of noblc: mctal
nanoparticles gained more attention becauser ol thetr unique
properties compared to other materials. Over the last decades,

silver nanoparticles (AgNPs) are gaining important research

due to thcil signit'rcant biological properties, such as antibac-
terial (Govarthanan et al. 2014), antifungal (Lee et al. l0l--t).
antidiabetic (Sengottaiyan et al. l(l l6). anti-inflammatory
(Ahmatl et al. 2i)15), and anticsncer activities (I-Ie et al.
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- - gruvettlens (Shankar et al. )003). Prunus )tedoensis

Nadu 637 -s0l.India (Velmunrgan et al. 201 5), llmblica olJicinalis (Rarncsh ct al.

' Dirision olBiotechnology, Arlvarce4 lnstitute of Envir<rnment a,il 2015)' Abutilon indicunt (Mata et al. l0l 5), Lantana cam1r|
Bic'science, College of Environmental ancl Bioresource Scicnces, (Kumar et al. 2015), Rosnurinus ollicinalis lGhaedi et al.

2016). Traditional methods of AgNP production such as

sonochemical. electrclcl.remical, anci photochernic:al methods
Lrtilizcd sornc synlhctic c,hcrnicals lor synthosis, which lcsults
in environmental pollution. Thus. researchers have developed
several environmentally friendly and cost-effective methods
tbr the synthesis of AgNPs.

Curently, biomimetic synflresis emcrgecl as thc mostprom-
ising method for the sirnthcsis of AgNPs. Several biotic conr-
ponents like plant extracts (V'elmurugan et al. 20 l5), fungi
(Abdel Rahim et al. 2017), bacteria (Gopinath and
Velusamy, 2013), yeast (Mateus Eugenio et al. 2016), algae
(Govarthanan ct al. 20 I 7). nrilk (Lec ct al. 101 .J). and oilcakes
(Govarthanan et al. 20 I 6) have been reported for synthesis of
AgNPs. Among the biological components, the use of plant
cxtacts tbr the production of AgNPs is potentially advanta-
geoLrs duc to thcir low cost, viabilily', and scralc up (Irar,ar.ri,

l0l l; Zayed et al. l0l J). Several shrdies prove that extracts
fronr various plants suclr as Aloe r.'ero (Chandran et al. 2006),

2015), Azadirac:htu indictt (Ahmed et al. 2016), Terminalia
r:uneata (Edison et al. 301fia), Tamarindus indica (E<lison
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Myco-phytoremediation of arsenic- and lead-contaminated soils by ..:ffi)
Helianthus onnuus and wood rot fungi, Trichoderma sp. isolated from decayed *&Iiv

wood

M. Govarthunun;t'1t''t'1 , R. Mythilit"1, T. Selvankumar", S. Ifumala-Kannan',, H. Kim,,,""
a Depublent of Energt Md Enviromentsl System Engineering, University of Seoul Seoul 02504, Republic of Korea
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ARTICLE INFO ABSTRACT

In the present study, HelianrJtus annuus grown in arsenic- (As) and lead- (Pb) contaminated soil were treated with
plant-growth promoting frngi Tichoderma sp. MG isolated from decayed wood and assessed for their phytor-
emediation efficiency. The isolate MG exhibited a high tolerance to As (650 mg,zl) and Pb (500 mgll), and coutd
remove > 70olo of metals in aqueous solution with an initial concentration of 100mg,/L each. In addition, the
isolate MG was screened for plant-growth-promoting factors such as siderophores, 1-aminocyclopropane-1-
carboxylic acid (ACC) dearninase, indole acetic acid (IAA) synthesis, and phosphate solubilisation.
Phytoremediation studies indicated that reatrnent of H. arutuw with the isolate MG had the maximum metal-
accumulation in shoots (Asl 67o/o, Pb; 59o/o). Furthermore, a significant increase in the soil extracellular enzyme-
activities was observed in myco-phytoremediated soils. The activities of phosphatase (35 U,zg dry soil), dehy-
drogenase (47mg TPF/g soil), cellulase (37.2mg glucose/g/2h), urease (55.4mgN/g soit/2h), amylase
(49.3 mg glucose/g/2 h) and invertase (45.3 mg glucose/g/2 h) significantly increased by 720/o, l4o/0,72o/o,220/o,
190/o and 14%o in As contaminated soil, respectively. Similarly, the activities ofphosphatase {37.4U/g dry soil),
dehydrogenase (39.3 mg TPFlg soil), cellulase (37.1 mg glocose/g/2 h), urease (49.8 mg N/g soil,z2 h), amylase
(46.3 mg glucose/g/Zh), and invertase (42.1 mg glucose/g/2 h) significantly increased by 770/0, 750/0, 71,0/0,

18o/o,2Oo/o and 140/o in Pb contarlinated soil, respectively. Obtained results indicate that the isolate MG could be
a potential strain for myco-phytoremediation of As and Pb contaminated soil.

Ketrords:
Arsenic
Helimthu amuls
Phytoremediation
Soil enzymes

Tichodema

1. Introduction

Metals, especially arsenic (As) and lead (Pb), accumulating in soil
and,/or water via various natural routes as well as anthropogenic ac-
tivities (e.g., mining and smelting) exerts a significant impact on human
health and other living organisms in the ecosysteri (l/a11 *. al., 2t)(),:s).

As and Pb are the metal elements without any known biological func-
tion and one of the most toxic heavy metals. Soil and/or water con-
tamination with these metals are widespread and pose a substantial
threat to the environment. As and Pb contaminated soils are not sui-
table for feed-crop cultivation and require remediation to reduce risk
associated with them (Mztr<yu:s tt. ?.1., )-ti'1:1). Most physicochemical
methods to remove As and Pb are expensive, inefficient, and labour-
intensive (';.il, rt i,1.. ?1111\).

The application of biological remediation techniques, such as phy-
toremediation appears as an excellent cost-effective alternative, which
uses metal tolerant or hyperaccumulating energy-crops. This process
may become a promising alternative for renewable energy source
(kfrk:zcr.l; i:t '":.1.. 2,ll1tt. A*ttsnl<it:v.i u:2 t:t ;ti., 21.1i.$). However, most of the
plants produce very less biomass and exhibit stunted growth in metal-
contaminated soils. Hence, it is important to propose effective phytor-
emediation strategy for heavy-metal-contaminated soils (11;ti1,<*i*nr

'.:i aL.,2A{}'J; Wt:'yeni; et ai.,Za}t}t). Recently, interaction between plants,
microbes, and metals has attracted much attention because of the
physiological potential of microorganisms to remove metals directly
from contaminated soil and the possible role of microorganisms in
promoting plant-growth in metal-contaminated soils (|.)t:ng t:t. .;t.1.,

.'tt].1.).

'' Conesponding author at; Department of Energy ard Environmental System Engineering. llnive$ity of Seoul, Seoul 02504, Republic of Korea
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Short Communication

Biogenic synthesis, characterization and antibacterial activity of gold %,

nanoparticles synthesised from vegetable waste :HirJ:'
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Vegetable waste

ABSTRACT

In this study, lve report the poteorial use of market vegetable waste for the synthesis ofgold nanoparticles
(AuNPs). 1'he AuNPs were synthesised using a green methotl without using any harmful chemical. The AuNps ob-
t.rined from vegetable wastes wcle char,lcterised by UV* vis spectroscopy, transmrssion e.lect16n mrcroscnpy,
scanning electron micloscopy ent'r'gy dispersive spectroscopy, X-r'ay diffraction. .rittl Fourier tlansfbrnr-infi.rrecl
spectroscopic (FTJR) analysis. l'he particles size for the green synthesiserJ AuNPs fronr vegetable waste were
ranged from 10 to 70 nm. Tht'AuNPs showed significant antibacterial activity against clinic.rl pathogens.
Hence, this attempt has shown n gre.1t potential for utilizing m.lrket veget.lble ,,vaste as .t bio-reductant for the
synthesis of AuNPs.

Gi 2018 Elsevicr B.V. All rights rcserved.

1. Introduction

Gold nanoparticles (AuNPs) are some of the most extensively stud-
ied nanomatelial in the field of nano biotechnology. AuNps have
attracted wide attention dr-re to their potential applications in catalysis

[1], antimicrobial [2], anticancer [3], dlug drlivery [4], and agriculrure
[5]. The AUNPs can be easily synthesised and show high chemical as
well as thermal stability [6]. The conventional physico-chemical
methods attempted over the past several years for AuNPs synthesis
are electrochemical [7], photochemical Iiil, snno-chetnical [9] and mi-
crowave assisted processes [101. However, all these physico-chenrical
methods are complex, cost-intensive, ancl pressure-required ancl use
toxic chemicals that can hann the human antl the eco-system II I ]. Cur-
rently, the use ofbiological materials for rhe synthesis ofAuNps has be-
come a popular alternative. ln particular, planls and plant based wastes
have been successfully used for the production ofAuNPs. Several stu<iies
have reported on the synthesis ofAuNi,s using plants IlZ-14].1'o the

l;t'st of our knowledge. the use ol tlarl<et vegetable waste lr.rs not
bt'en reported so tar, for AuNPs synthesis.

In recent years, waste management represents an important chal-
lenge in agricultural indr.rstries and markets. It delnands an integrated
approach in the context ol'reuse for the proclr.rction o{ vah-re-acldetl

l)roducts. India is the largcst consunrer olvegetable and produces tons
of vegetables wastes annually. Such estimates for the worldwide con-
slrmption of vegetable are several fblds higher. The vegetable wastes
were usually discarded in vegetable markets. l he vegetahles are mainly
cornposed of phytochen'ricals and rnany uatural polysaccharides. Thus,
lhe use of nrarket vegetable lvaste attracted lor the synthesis ofAuNps.

In the present study, trarl(et vegetable wastes were used fbr the
ploduction of AuNPs. The synthesised AuNPs structures have been
characterised by using standard spectrochcrrical rnethods. In addition,
antibacterial activity ofthe AuNPs has also been investigated.

2. Materials and methods

2.1. Chemicals

-' Correspondingauthor. Aidrich (St Louis, M0, USA). All otirer chernicals were analytrcal gracle
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Utilization of, market vegetable waste for silver nanoparticle synthesis , ,K\

and its antibacterial activity :,t*r*p:
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ABSTRACT

ln the present study, silver nanoparticles (AgNPs) were synthesized using market vegetable waste
extract. The formation ofAgNPs was observed by a change in the reaction mixture colour from colourless
to brown, after the addition ofvegetable waste extract. The bioreduced AgNPs were characterized using
transmission electron microscopy, scanning electron microscopy coupled with energy dispersive spec-
troscopy and other standard techniques. The antibacterial activity ofthe bioreduced AgNps was analyzed
for both Gram-negative (I1ebsiella sp.,) and Cram-positive bacteria (Staphylococans sp..). The results
showed that the bioreduced AgNPs effectively inhibited the growth of the tested bacterial strains. The
study revealed the effective method of utilizing market green vegetable waste for the synthesis of
AgNPs with high antibacterial efficiency.

@ 2018 Elsevier B.V. All rights reserved.

1. lntroduction

In recent decades, synthesis of silver nanoparticles have blos-
somed due to their wide range of applicability in the fields of
science and technology, and medicine such as catalysis, photo-
catalysis, chemical and biosensing, antibacterial, catheters, food
containers and anticancer 11-71. In the past decades, several
physico-chemical methods have been developed forAgNps synthe-
sis lBl. Nevertheless, these physico-chemical methods are either
costly or involving the use of potential hazardous chemicals that
can harm the human and the eco-system f!)1. In order to protect
the environment from the hazardous chemical pollution, a biosyn-
thesis is proposed as a simple, sustainabte alternative, environ-
ment friendly and cost-effective method.

Plant extracts derived from various species are regarded as a
highly desirable system for nanoparticle synthesis due to their
tremendous capability to produce a wide range of phytochemicals
with profound reducing potential. Several studies have reported
the synthesis ofAgNPs using plants i1{1 -131. However, utilization

* Corresponding authors.

E-mail addresses: gi,v*.rniltlit,{)g*1:lil.cr:r,r (M. Govarthanan), lt kittiyut::.s,..kr
(H. Kim).
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of vegetable waste for the production of AgNps has not been
reported. Thus, the present study describes the green synthesis of
AgNPs using vegetables waste.

2. Materials and methods

2.1. Vegetable waste collection

Vegetable waste was collected from a waste disposal yard of a
vegetable market (Wednesday Market), Mallasamudram, Namak-
kal District, Tamil Nadu, India. The trading of vegetable in this cify
is approximately 2-5 tons/Wednesday. The 200-500 kg quantity of
vegetable trading produces a huge amount of wastes in the form of
discarded vegetables, fresh skins of vegetables, fresh/damaged
leaves etc. The fresh vegetable waste was collected in plastic bags
and brought to the laboratory. The vegetable waste was washed
thoroughly with tap water and double distilled water until no
impurity remained. The mixed vegetable waste (100 g) was sepa-
rated and added to 500 mL of sterile double distilled water and
crushed using mortar and pestle i131. The extract was filtered
through a Whatman No.1 filter paper and stored at 4.C for further
experiments.
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Role of chromium in tungsten oxide (WO,) by microwave irradiation 

technique for sensor applications 
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Abstract: Hydrated tungsten oxide (WO3 H,0)-based nanoparticles were synthesized using a simple and inexpensive 
facile microwave irradiation process, by doping chromium (2 wi%, 3 w%, 5 w% and 7 wt%) at 2.45 GHz with the power 

of 180 W for 10 min for gas sensor application. The resultant products were anncaled at 600 °C at the ambient atmospliecre 
in order to improve the crystallinity and to remove the impuritics. The products were characterized by using powder XRD 

which confirmed the formation of orthorhombic and monoclinic structure of both as-prepared and anncaled samples. 

respectively. Atomic force microscope shows the role of chromium in determining the surface morphology of the resultant 
products at microscopic level, Fourier transform infrared spectroscopic analysis confirmed the presence of essential 
functional groups formed through chemical bonds of the end products, room temperature UV-VIS DRS studies showed the 

optical behavior of the samples through emissions and band gap energy of the respective materials. Cyclic voltammetry 
study confirmed the suitability of the prepared chromium-doped tungsten oxide (WO;) materials through electrochemical 

property for photocatalytic and sensor applications. 

Keywords: Hydrated tungsten; Tungsten oxide; Nanoparticles; XRD; Electron microscopy: Spectroscopy 

PACS Nos.: 61.46; 61.48; 65.80 

1. Introduction 

Tungsten oxide (WO;) is a transition metal oxide semi- 
conductor with a widely tunable band gap, in the range of 

E = 2.5-2.8 eV at room temperature. Intcrest was recently 

put on WO; thin films and nanoparticles [I] for a wide 

variety of applications in microelectronics and optoelec- 

tronics [2]. dye-sensitized solar cells (3], colloidal quantum 
dot LEDs [4]. photocatalysis [5], water splitting photocat- 

alyst as main catalyst [6] and methanol oxidation catalyst 

[7] due to their existence of various structural polymorphs 

and easily tunable oxygen content of the end product by 
varying the growth atmosphere. In fact, the optical and 

electrical properties of this compound strongly depend on 

size and morphology of the corresponding end product. 
Accordingly, the recent scenario for many practical appli- 
cations is mainly bused on morphology and size distribu- 
tion of thec nanoparticles. This can be done by varying the 

synthesis procedure and growth atmosphere which influ- 
ence the morphology and size distribution of the 

nanoparticles. 
On the other hand, dopants have offered relatively better 

morphology and high surface to volume ratio of the 
nanoscale materials. The fabrication and characterization 
of tungsten oxide nanofibers using the clectrospinning 
technique und sol-gel chemistry were successfully 
demonstrated [8]. The potential applications of the elec- 

trospun tungsten oxide nanofibers as a sensor malerials 
exclusively for gas dctection have been identitied. Uluraline 
tungsten and tungsten oxide powders with controllable 

particle sizc and structure had been synthesized by Xia 
et al. (9]. The interesting applications in various fields such Corresponding author, E-mail: vhariharan06@gmail.com 
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Generating sub wavelength pure longitudinal magnetization probe and 
chain using complex phase plate 
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Keywords 
Inverse Faraday effect 
High NA Iens 
Multd belt complex phase filter 
Transversely polarized beam 

Based on inverse Faraday Effect, the three dimensional magnetization field distribution induced by the 
azimuthally polarized annular multi Gaussian transmitted through a multi belt complex phase filter (MBCPF) 
is investigated numerically using vector diffraction theory. Numerical results shows that by properly adjusting

the radii of different rings of MBCPF, one can achieve sub wavelength (0.2864) pure longitudinal magnetic 

probe with ultra-long focal depth of (35A). We also noticed that magnetization chain composed of eight, four 
and two magnetic spots of subwavelength scale is also achieved by properly modulating the radii of MBCPF. The 

authors expects such a pure ultra-long subwavelength magnetic probe and magnetic chain can be used to realize 

all optical magnetic recording (AOMR), multilayer magneto-optical data storage, ultra-compact optomagnetic

devices, magnetic particle trapping and transportation, fabricating magnetic lattices for spin wave operation, as 

well as confocal and magnetic resonance mierascoPy. 

2017 Elsevier B.V. All rights reserved.

1. Introduction

The increasing interest in developing ultra-compact optomagnetic

devices has recently invoked intensive research attention on light- 
induced schemes, which are capable of steering longitudinal magneti- 
zation at the sub-wavelength scale in the magnetic materials. Magneto 
optical material has attracted intensive research interest due to its 

potential and appealing applications in all optical magnetic recording

(AOMR) [1-7]. Stanciu et al. first demonstrated the all-optical magnetic 
recording (AOMR) by a single 40 fs circularly polarized laser pulse 
by the inverse Faraday Effect (IFE) [8]. To further facilitate those 
fascinating and practical applications, it is highly desirable to obtain 
a super-long and sub-wavelength longitudinal magnetization needle, as 

well as an extra-long and sub-wavelength longitudinal magnetization
chain. Based on the vector diffraction theory and the inverse Faraday 

Effect (TFE) in magneto-optie (MO) film, the circularly polarized beam 
allows a sub-wavelength magnetic confinement in the tight focusing 
condition [9-13]. Since then all optical magnetic recording become a 

topic of much research interest and number of experimental work on 

improvement in ultrafast magnetization reversal of optic-magneto ma-
terials induced by the inverse Faraday Effect was demonstrated [14-171 
Recently, it has been reported that this doughnut spot produced be 
the tightly focused azimuthally polarized beam can be changed into 

significantly sharper focal spot when a vortical phase encoded on 
the azimuthally polarized beam [18,19], which shows the intriguing
prospect in practical applications due to its sub-wavelength lateral 

spot size and purely transverse electric field [20-22). Recently many 

novel methods such as using hybridly polarized beam and multi belt 
spiral phase plates are suggested to suppress the side lobe and to 
improve the focal depth of the transversely polarized focal field H27] 

Jiang et al, calculated he light-induced magnetization of an az-

imuthally polarized vortex beam in a high numerical aperture (NA) 
objective lens (28]. They found that a sub-wavelength (0.508/) and pure 

longitudinal magnetization spot is generated in the focal region. Since 

then generating a pure magnetization focal field using the azimuthally 

polarized vortex beam instead of the circularly polarized beam become 
a topic of great interest. The light-induced magnetization produced by 

tight focusing of azimuthally polarized beams with helical phase has 
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Article history: Based on vector diffraction theory and inverse Faraday effect (IFE), the light induced magnetization dis 

tributionof a tightly focused azimuthally polarized doughnut Gaussian beam superimposed with a heli- 
cal phase and modulated by an optimized multi belt complex phase filter (MBCPF) is analysed 

numerically.It is noted that by adjusting the radii of different rings of the complex phase filter, one 

can achieve many novel magnetization focal distribution such as sub wavelength scale (0.29.) and super 

long (52.23) longitudinal magnetic probe suitable for all optical magnetic recording and the formation of 
multiple magnetization chain with four, six and eight sub-wavelength spherical magnetization spots 
suitable for multiple trapping of magnetic particles are achieved.
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1. Introduction compute the effective optomagnetic fields that corresponds to the 
induced magnetizations. They showed that the IFE is strongly 
materials and frequency dependent and demonstrated the exis- 
tence of both spin and orbital induced magnetizations. Freimuth 
et al.|12 suggested that the ultrafast demagnetization in 3d ran- 
sition metal ferromagnets is dominated by transverse spin fluctu 
ations rather than by a reduction of the exchange splitting. In All 

optical Magnetic Recording (AOMR), the magnetization reversal 
induced by focusing a circularly polarized beam with an objective
has been demonstrated to be an essential method for the longitu- 
dinal magnetization recording. Since ultra fast high density data 
storage demands a highly confined pure longitudinal magnetic 
probe of sub-wavelength scale, several methods utilizing ampli tude and phase modulation to the input circularly polarized beam 
has been suggested for reduction of magnetization spot size and to 
improve the probe depth [13-16]. However generating pure longi- 
tudinal magnetization of ultra-long focal depth within a sub diffraction limited region by the IFE has remaincd a challenge
toward sub-wavelength AOMR. Recently. Jiang et al. | 17| showed 
that the interaction between the polarization singularity of an 

azimuthally polarized beam and optical vortices in the tight focus 
cannot generate longitudinal electric components, which results in 
the generation of pure longitudinal magnetization. They 

The possibilities of manipulating magnetization without any 
applied magnetic field have attracted the growing attention of 
researchers during the last fifteen years. The emerging Big Data 

era demanding the ever increasing speed and capacity to store 
and process information makes magnetization switching on 
ultra-short time scales a fundamentally challenging topic with 

implications for magnetic data storage|1]. Gerrits et al. |2] demon- 

strate that circularly polarized femtosecond laser pulses can be 
used to non-thermally excite and coherently control the spin 
dynamics in magnets by way of the IFE. Stanciu et al. [3] irst 
demonstrated the al-optical magnetic recording (AOMR) by a sin- 
gle 40 fs circularly polarized laser pulse by the IFE. Since then all 

optical magnetic recording become a topic of much research inter- 
est and number of experimental works on improvement in ultra- 
fast magnetization reversal of optic-magneto materials induced 

by the IFE was demonstrated |4-10]. Recently, Berritta et al. [11 
introduced the first materials specific ab initio theory of the mag- 
netization induced by circularly polarized laser light in metals and 
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beam with High NA Parabolic mirror 
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Abstract The tight focusing of double ring shaped spirally polarized beam with high 
NA Parabolic mirror system is analyzed numerically based on the vector diffraction the- 
ory. Calculation results show that intensity distribution in focal region can be altered 
considerably on changing the spiral parameter (C) and pupil to beam ratio (B) of the 

incident double ring shaped beam. Many novel focal patterns such as focal spot, dark 
hollow focus and flat top profile of sub wavelength scale are achieved by proper tuning B 
and C. 

Keywords Spirally polarized beam High NA parabolic mirror Vector 
diffraction theory Optical trapping 

1 Introduction 

Recently, there is an increasing interest on cylindrical vector beams, mostly driven by the 

advances made in micro-fabrication techniques and theoretical modelling techniques that 
were not available with homogeneous polarization (Zhan and Leger 2002; Rao et al. 2009; 
Wang et al. 2013; Prabakaran et al. 2012). The Radial and azimuthal polarized beams are 
two special cases of cylindrical vector beam and it is observed that due to the strong 
longitudinal field component in the radial polarization beam focuses more sharply than the 
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