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ABSTRACT

During the present study, the biosynthesis of silver nanoparticles was made by using the filamentous fungus,
Penicillium citrinum isolated from the soil sample of an industrial area of Chennai, Tamil Nadu, India. Fungal
biomass was aerobically grown and fungal cell filtrate was challenged withlmM of AgNos resulted in the change of
color solution indicated the formation of silver nanoparticles. These nanoparticles were confirmed by UV-
Spoectrophotometric analysis and further analyzed by AFM study, which determined the particle size and average
roughness. X ray diffraction (XRD) analysis determined the metallic nature of silver nanoparticles. The synthesized
silver nanoparticles were checked for antibacterial efficacy alone and along with Ciprofloxacin which showed that
these nanoparticles enhanced the antimicrobial activity of Ciprofloxacin against some bacterial pathogens.
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INTRODUCTION

In day today life, pathogenic microbes are becomesgistant to various antibiotics available in thearket makes
the matter of concern for the medical professionald researchers[1,2] in order to find out a soluto overcome
it. So people especially form the research groeptasing to find out the new antibacterial matet@icounter the
bacterial resistance, especially metallic nanoneteand nanoparticles, in which silver based coumpls have
good antibacterial activity [3, 4Nanopatrticles have a wide range of applicationsnantrolling the growth of
various pathogens, bio-labeling and in the treatm@&nvarious cancers. The bactericidal property sd¥er
nanoparticles known from ancient times and it haenbdemonstrated that at low concentrations it shthe
efficacy. It has also been reported that Ag+ ionsouple the respiratory chain from oxidative phaspgtation or
collapse the proton-motive force across the cytpla membrane. The interaction of Ag+ with bactésidirectly
depending upon the size and shape of the nandpartidow a day’s different methods are available tfe
synthesis of nanoparticles like Physical, Chemaradl biological methods. Physical and chemical ndshare
costly and time consuming, but biological methodassidered as quick, cheap and free from any thxémnicals.
Different microorganisms have been used for theyithesis of nanoparticles but using fungi for bi@synthesis
of nanoparticles is advanced as they produceflenaymes in the cell free filtrate i.e., reductasgyme which
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reduces the silver nitrate into silver nanopartid®, 6, 7, 8]. The biological method for biosyrgiseof metal
nanoparticles especially uses the fungal mycelieaex Moreover, the time required for the completof reaction

of biosynthesis of nanoparticles using fungi rangetveen approximately 24 hrs and 48 hrs, wheremsmum
synthesis 0fAgNPs can be achieved after 24 hrs of incubaticareHn this proposed work we have worked on the
extracellular biosynthesis of silver nanoparticfesm Penicillium citrinum which is followed by microscopic
characterization UV- spectrophotometric analysigl &FM analysis. These nanoparticles were checked fo
antibacterial activity to check the combined effechanoparticles with Ciprofloxacin against vasquathogens.

MATERIALSAND METHODS

Collection of soil sample

Soil samples were collected from an industrial are@hennai, Tamil Nadu, India. Soil samples waileeh from 3
to 4cm depth with the help of sterile spatula. Saihples were then transferred into sterile pldstgs and brought
to the Biomedical and Research laboratory, Sathyablaniversity, Chennai and stored in a refrigeratofc up to
further process.

I solation of fungi

Isolation of soil fungi was performed by serialutibn and spread plate method. One gram of soilplamwas
serially diluted in sterilized distilled water t@igthe concentration which ranges fromi16 10°. A volume of 0.1
ml of each dilution was transferred asepticall\5{0A plates. The plates were incubated at room teatyee for 5 -
8 days. The fungal isolates were sub cultured o\ Plates in order to segregate the isolated funtp pure
culture. Pure isolated fungal cultures were manmadiat 4C for further studies.

Microscopic characterization

Penicillium citrinum was observed by the author’'s expertise using hand bnd the colony morphology was
recorded with respect to color, shape, size andraaif colony and also by consulting laboratory oeds in the
Department of Biomedical Engineering, Sathyabamixétsity Chennai.

Biosynthesis of silver Nanoparticles

Penicillium citrinum was employed for the biosynthesis of nanosilverfandal biomass was produced by using the
fungal biomass was grown aerobically in a liquiddinen containing (g/L): KHPQ, 7.0; 2.0 KkHPO, MgSQ,.
7H,0 0.1; (NH)2SQ, 1.0; yeast extract 0.6; glucose 10.0 at 2bxAfter incubation, the biomass was filtered using
Whatman filter paper No.1 and extensively washeth wistilled water to remove residual parts. Theshi and
clean biomass was taken into an Erlenmeyer flagktaining 100ml of deionized Milli-Q water. The dla was
incubated at 28 in a shaker incubator at 140 rpm for 72 hourse Blomass was filtered again with Whatmann
filter paper No.1 and the cell free extract wasdulsgther. 1mM AgNe was prepared and 50ml was added to the
cell-free extract and kept further in the incubab2®C, 140rpm for 72hours in dark condition.

Characterization of silver nanoparticles

After the three days of incubation the solutionoc@radually changes into yellowish and then theodtance were
measured using the UV- Spectrophotometry from 3@068nm quartz cuvette with control (Elico Ltd, Batae).
After the synthesis, these silver nanoparticleseviarther characterized by AFM which was used tegeine the
particle size and agglomeration of the nanopa#iclhe two dimensional and three dimensional imafgdFM
were taken which showed the particle height andaaee roughness of silver nanoparticles.These hicady
synthesized silver nanoparticles was sonicatedatl by centrifugation. Then sample is then dried made a
thin film on the glass slide and subjected to ARMlgsis [9]. For X ray diffraction (XRD) analysiample has been
prepared by sonication of the silver nanopartigdtution which is followed by centrifugation at 10@pm at
15minutes.The supernatant is discarded and pelthied and makes it in to powder form and theneslfor XRD
analysis.

Bactericidal Effect

Silver nanoparticles synthesized from tPamicillium citrinum were evaluated for its antibacterial potency bscdi
diffusion method against various pathogens I8aphylococcus aureus, Escherichia coli, Vibrio cholerae and
Proteus vulgaris following NCCLS guidelines [10]These nanoparticles were compared along with atitisi
Ciprofloxacin and zone of inhibition was measurdgtraovernight incubation. Experiments were repedteaee
times and standard deviation was calculated.
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RESULTSAND DISCUSSION

The cell free filtrate produced from the fungalriss ofPenicillium citrinum were employed for the biosynthesis
of silver nanoparticles. Upon addition of the silmérate (AgN@) to the solution, the color of the solution gratiua

changed into brown indicated the formation of silmanoparticles [Fig 1] due to surface plasma vibnaand the
reductase enzyme released by the fungi [10,11].

A B
Fig 1: A) Before addition of AgNoz and B) After addition of AQNO3

The nanoparticles were further characterized by-\¥ Spectrophotometry which showed the absorppeak at

430nm which is specific for the silver nanoparticl&ig 2) which suggested that the silver nanogagiare well
dispersed and uniform in size [10].
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Fig 2: UV spectrophotometric analysis of AgQNPs synthesized from Penicillium citrinum

The AFM analysis is used to determine the shape &l agglomeration of the nanoparticles. Two dsial
image of AFM showed the particles are agglomeratetispherical in shape and size was around 81nergat 3D

analysis showed the average roughness of the ndiotgm (Fig 3, Fig 4). It was observed that silmanoparticles
were agglomerated, spherical, polydispersed.
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Fig 3: 2D AFM image of AgNPs synthesized from Penicillium citrinum

Fig 4: 3D AFM image of AgNPs synthesized from Penicillium citrinum

X ray diffraction analysis is used to determine thgstalline and metallic nature of nanoparticlgsusing X ray
diffract meter. X ray diffraction showed the thetalue peaks at 32, 38, 66 and 77 of silver obtaifrech
Penicillium citrinum. XRD analysis showed that silver nanoparticles Isgsized fronPenicillium citrinum are face
centered cubic structures[11] and also showed thaise silver nanoparticles are crystalline inureggfFig 5)[12].
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Fig 5: XRD analysis of AgNPs synthesized from Penicillium citrinum

These biologically synthesized silver nanopartielese further checked for its antibacterial acyivdgainst various
bacterial pathogens likdescherichia coli, Staphylococcus aureus, Vibrio cholerae and Proteus vulgaris by disc
diffusion methodEach disc was impregnated with 30g silver nanapestand showed good antimicrobial activity
alone and the combined effect of silver nanopasialith Ciprofloxacin (5mcg) antibiotic available the market.
Cell free filtrate was taken as a negative contidle highest zone of inhibition was showerbteus vulgaris
(32mm) followed byE. coli (27mm), Vibrio cholerae (25mm) and Staphylococcus aureus (23mm) as shown in
Table 1. Fig 6 showed the graphical representaifaime combined effect of Ciprofloxacin and AgNFsom the
above experiment, it showed that silver nanopadielone showed good antibacterial activity and stowed that
it enhances the antibacterial activity of Cipro#icin were studied during the experiment.

Table 1: Zone of Inhibition (mm) of AgNPs, antibiotic and its combined effect with antibiotics

) | AgNPs | Ciprofloxacin . .
Pathogens| Cell free filtrate 30pg/disc| 5meg/disc Ciprofloxacin +AgNPs
S aureus 7+0.21 14+0.35 19+1.65 23+0.26
P. wlgaris 8+0.27 16+0.28 25+0.56 32+0.85
E. coli 8+0.34 15+0.35 23+0.75 27+0.34
V. cholerae 7+0.63 13+1.35 22+0.52 25+0.48
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Fig 6: Graph showing combined effect of antibiotic (Ciprofloxacin) and AgNPs
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CONCLUSION

During the present experiment, biological methods wesed for the synthesis of silver nanoparticlesmfr
Penicillium citrinum, which was found cheap, free from toxic chemicalsfe and environmentally friendly. The
color of the solution changed from colorless tdowlan latter brown confirmed the formation of npadicles. UV
spectrophotometer showed the strong peak at 438l showed that nanoparticles are spherical in shayd
having the size 81nm. XRD analysis showed thatiglest are in nano-size and are also confirmed tleéaliic
nature of nanoparticles and face centered cubies@manoparticles showed good bactericidal actalitye and
also enhanced the antibacterial activity of Cipedicin in a combined form. The synergistic modeaction of
silver nanoparticles with the antibiotics provedeht be a suitable drug against the bacteriaetugérewith.

Acknowledgments

The authors would like to acknowledge the DepartroéfPharmacy, University of Kuala Lumpur, Royallege of
medicine, Ipoh, Malaysia and Department of BiomaldiEngineering, Sathyabama University, Chennaiialridr
providing the necessary facilities to carry oustlgsearch.

REFERENCES

[1] M. Rai, A. Yadav, A. GadeBiotechnology Advances, 2009, 27: 76 -83.

[2] J. L. Gong, Y. Liang, Y. Huang, J.W. Chen, JJang, G.L. Shen, R.Q.YWBiosensors and Bioelectronics,
2007, 22: 1501 -1507.

[3] S. Gurunathan, K. Kalishwaralal, R. VaidyanathB. Venkataraman, S. R. Pandian, J. Muniyandi, N
Hariharan and S. H. Eor@olloidal Surface B, 2009, 74: 328-335.

[4] S. Sheikpranbabu, K. Kalishwaralal, D. Venkataaen,S. H. Eom, J. Park and S. GurunatRalpidal Surface
B, 2009, 73: 51-57.

[5] M. A. Dar, A. Ingle and M. RaiNanomedicine: Nanotechnology, Biology and Medicine, 2013, 9: 105-110.

[6] G. Monali, J. Kesherwani, A. Ingle, A. Gade aMl Rai, Nanomedicine. Nanotechnology, Biology and
Medicine, 2009, 5: 382-386.

[7] M. A. Bhat, B. K. Nayak and A. Nanddgurnal of Chemical and Pharmaceutical Sciences, 2014, 2: 86-89.

[8] B. K. Nayak, M. A. Bhat, A. Nandant. Journal of Chem Tech. Res., 2014, 6: 2368-2373.

[9] M. A. Bhat, B. K. Nayak, A. Nandadpurnal of Pure and Applied Microbiology, 2014, 8: 4201-4207.

[10] P. Mulvaneylangmuir, 1996, 12, 788-800.

[10] S. A. Kumar, M. K. Abyaneh,S. W. Gosavi,S. KKulkarni R. Pasricha, A. Ahmad and M. I. Kh@iotechnol
Lett., 2007, 29, 439-445.

[11] A.W.Bauer, M Kirby, J.C. Sherris, M. TruchmJ Clin Pathol, 1996, 45, 493-496.

[12] B.J. Wiley, Im S.H., Li, Z.Y., McLellan, J.,i&kinen, A., Y. Xia,J. Phys. Chem. B 2006, 110, 15666—15675.
[13] M. Dubey, S. Bhadauria, and B. S. Kushwiaigestive Journal of Nanomaterials and Biostructures, 2009, 4,
537-547.

[14] B. K. Nayak, N. Chitra, Anima Nandkternational Journal of PharmTech Research. 2014, 6(4), 1309-1314

146
www.scholar sresear chlibrary.com



