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ABSTRACT

In the present investigation, extracellular biossgis of silver and zinc oxide nanoparticles wagsatigated using
Candida diversa strain JA1 isolated from waste watemilk processing unit in Vellore, Tamil Nadudla. The
biological synthesized metal nanoparticles wererabierized through several analytical techniquesluding UV-
visible spectrophotometer, X-ray diffraction patteanalysis (XRD), FE-Scanning electron microscdpEM) with
EDX-analysis (EDXA). The antimicrobial propertiekosynthesized metallic nanoparticles were testgdinst
medically important Gram positive (Enterococcusaqd Staphylococcus aureus), Gram negative (Eschiericoli,
Salmonella sp., Proteus mirabilis, Pseudomonas giaosa, Klebsiella pneumonia, Shigella sp.) andgéin
pathogenic microorganisms (Aspergillus terreus istrdAS1, Ganoderma sp. JAS4, Scedosporium sp. JAS1,
Candida tropicalis and Fusarium sp.). The combireftect of antibiotics and biologically synthesizetbtal
nanoparticles were also evaluated against clinjgathogens.

Keywords. Biosynthesis;Candida diversaStrain JAl; Characterization; Antimicrobial andn8ggistic effect;
Clinical pathogens

INTRODUCTION

Nanobiotechnology deals with developing biosynthethd environmental-friendly technology for synikesf

nanomaterials. The noble metals have been extdysised to undergo reduction of metal ions by vasiphysical,
chemical and biological sources. The recovery efghecious metals by microbial sources such ashagcfungi
with the formation of their nanoparticles is an dgendly alternative to the conventional methods. [The
scientific community has turned to biological syssefor synthesis and assembly of nanomaterialeadstf toxic
chemicals used in chemical protocols [2]. The maji@wback of chemical reduction method is the ustoxic

reducing agents which possesses serious healtbteetie human health and environment [3]. To oveedhe
disadvantages of chemical reduction method, thdodiical reduction method attempts to obtain ecerfly
nanoparticles. Nanoparticles possess unique piepdike magnetic, electrical, catalytic, opticpiezoelectric,
pyroelectric and photoconducting properties [4]nbimaterials have also found potential applicationthe fields
of medical and pharmaceutical nanoengineering. Tareyemployed as therapeutic agents [5], in chrdisease
diagnostics, and in sensors [6]. The metal nonegbestincluding silver and zinc oxide nanopartictes/e gained
considerable attention due to their unique antéréadt antifungal, and UV filtering properties [7/The microbial
biosynthesis of nanomaterials using bacteriaff] fungi9] has been exhaustively studied by various reseas.
There are very few reports related to yeast medlibiesynthesis of nanomaterials. The extracellsjenthesis [10]
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of silver nanopatrticles by silver tolerant yeastist MKY3 with soluble silver in log phase of grdwivhich could
precipitate majority of silver extracellular as rakental naoparticles [11]. The increasing antibioésistance is a
major threat to our society. The development of nemtibiotics and drug targets encourages the sfient
community to look for other alternatives for antitic production. As metallic nanoparticles demceistrwell
known antimicrobial property, the development ofveloapplications in this field makes them an ativac
alternative to antibiotics [12]. In the presentdstusilver and zinc oxide nanoparticles have bearcessfully
synthesized byCandida diversastrain JA1. The sophisticated analytical techniques incgidUV-absorption
spectroscopy, X-ray diffraction spectroscopy andr®ing electron microscopy with EDXA was employed t
characterize biosynthesized metal nanopatrticles. drtimicrobial and synergistic effect of biolodisgnthesized
silver and zinc oxide nanoparticles was determamgainst various clinical pathogens.

MATERIALSAND METHODS

Sample Collection and I solation

The samples for isolation of yeast were collecteanfthe milk processing unit in Vellore in sterdentainer and
transported to laboratory for further processinge Tsolation ofCandida diversastrain JAlwas carried out by
standard serial dilution method [13] and spreadepil@as performed on Malt yeast peptone glucose ggaast
extract 0.3%, malt extract 0.3%, peptone 0.5%, agdacl% and agar 1.5%). The colonies appeared wetteef
purified by repeatedly streaking on Malt yeast paptglucose agar (MYPGA).

Molecular Characterization of Strain JA1

The genomic DNA ofCandida diversastrain JAlwas extracted using Rainey [14] protocol. The 1BSA gene
was amplified with the primers [ITS1 {bCCGTAGGTGAACCTGCGG-3 and 1ITS4 (5
TCCTCCGCTTATTGATATGC-3. The amplified DNA fragment was separated on Igarase gel. The purified
PCR product was sequenced using the Big-Dye tetorirkit ABI 310 Genetic Analyzer (Applied Biosystem
USA). The phylogenetic position of the isolatedastr(Candida diversastrain JA1) was assessed by performing a
nucleotide sequence database search using the BlpA&fFam from NCBI GenBank. The nucleotide sequanci
result was submitted to the GenBank national Cefotr&iotechnology Information (NCBI) and accessimmber
obtained is KC509573.

Biosynthesis of Nanoparticles

The biological synthesis of silver nanoparticlesswearried withCandida diversastrainJAl, the active culture of
the isolate was inoculated into potato dextrosé¢hbaad the flasks were incubated at 28 °C and pa0for 3 d. The
freshly prepared culture @andida diversastrain JAlwas centrifuged at 4000 rpm for 30 min and the swgiant
was used for the biosynthesis of silver nanopadidlAgNPs). The collected supernatant (1%) was cadde
deionized water treated with 1 mM silver nitrategfOs) with (> 99.0% purity, Sigma Aldrich) and was further
incubated for 96 h at 28 °C. The deionized wates used as a solvent in the synthesis of AgQNPs [3].

The isolateCandida diversatrain JAlwas allowed to grow in Malt-yeast peptone glucosgbmedium for 3 d.
After incubation period was complete, the freshtggaredCandida diversastrain JAL culture was centrifuged at
4000 rpm for 30 mins and supernatant was usedé&biosynthesis of zinc oxide nanoparticles (ZnGNB.1 g of
Zinc Oxide (ZnO) with ¥ 99.0% purity, Sigma Aldrich) was added to de-iediavater followed by 1% supernatant
of Candida diversastrain JAlculture. The biosynthesis of ZnO NPs was carrigdm&rlenmeyer flask containing
de-ionized water treated with ZnO and was incubate®7 °C under agitation (200 rpm) for 24-48 Hluhe white
deposition appears at the bottom of flask [15].

Characterization of Synthesized Nanoparticles

The UV-absorption spectrum of AgN@nd ZnOtreated supernatant was monitored by taking smalu@ts
periodically at 1 h, 24 h and 48 h and 24 h, 4&¢ &2 h respectively. The metal ion reduction wasitored by
measuring UV-spectrum treated supernatant perithglicBhe aliquots of this solution were monitoreor fUV-
spectra after 1 h, 24 h and 48 h. The UV-Vis spsctipy measurements were recorded on HITACHI, Madel
2800 spectrophotometer from 300 nm to 600 nm. ToBlPs and ZnO NPs dispersed in deionized water were
observed for their surface plasmon resonance and2@nd 374 nm respectively. In this analysis, shpernatant
and AgNQ and ZnO were used separately as control 1 andp2ctgely. The biologically synthesized AgNPs and
ZnO NPs were freeze-dried, powdered and used foayXdiffraction (XRD) spectroscopy [16]. The phase
formation, purity and crystalline structure of ntanaoparticles were recorded using powder X-d#fractometer
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(Model-D8 Advance, made in BRUKER Germany) at 40/20mA using continuous scanning? 2node. The
biologically synthesized metallic nanoparticles evenounted on specimen stubs with double-sided agh¢spe
coated with platinum in a sputter coater and exathimder field emission scanning electron microgdbppTACH,
Model E-1010 lon spultter) to avoid charging andneixeed under SEM (HITACH, Model S-3400N). In additjahe
presence of silver and zinc oxide metals in thepdawas analyzed by energy dispersive x-ray arml{SDXA)
combined with Field Emission Scanning Electron Mgmopy.

Biological Assay

The antimicrobial potential of biosynthesized AgN&sd ZnO NPs against clinical and plant pathogeas w
determined by Kirby-Bauer method. The test orgasigrtinical and plant pathogens) were acquired fidierobial
Biotechnology Laboratory, SBST, VIT University, \tgle, India. The Gram negative organisrgsdherichia coli,
Salmonellasp, Shigellasp, Proteus mirabilis, Klebsiella pneumoniae, Pseudpnas aeruginoga Gram positive
organisms Enterococcussp. and Staphylococcus aureysand fungal strainsGandida tropicalis Fusariumsp.,
Scedosporiunsp. JAS1Ganodermasp. JAS4 Aspergillus terreustrain JAS1) were used to study the antimicrobial
properties of biologically synthesized metallic aparticles. The multi drug resistance of clinicathpgens was
screened against standard antibiotic discs cipraflim (30 pg/disc), ofloxacin (5ug/disc), vancomycin (30
pg/disc), erythromycin (15ug/disc), penicillin (10pg/disc), tigecycline (15.ug/disc) and fungal isolates were
screened against flucanazole (&§disc) and voriconazole {xg/disc).

The antibiotic sensitivity test was performed byrliiBauer Method on Muller-Hinton agar plates [1The
bacterial test pathogens were lawn cultured on &tddlinton agar plates using sterile cotton swalbe $tandard
antibiotic discs were placed on it using sterilcéps. Plates were incubated at 37 °C for 24-48dhweere observed
for zone of inhibition around the disc. Fungal tpathogens were seeded into Potato Dextrose Agedipkes,
antibiotics disc was placed on it using sterilecéps. Plates were incubated at 30 °C for 5 d and wleserved for
zone of inhibition. The combined effect of antibiotic with biosynthesiz metallic nanoparticles defines the
synergistic effect against clinical pathogens. gkdiliffusion method was used to evaluate the systageffect of
antibiotics with biosynthesized AgNPs and ZnO NBgaiast Gram negative and positive test strains ey
Hinton agar plates. To determine the synergisfiects, each standard antibiotic disk was furthgregnated with
10 uL of freshly prepared AgNPs and ZnO NPs. Mullertdimagar medium plates were seeded with l00f test
organisms and antibiotic disk impregnated with AgN#Ad ZnO NPs were placed onto agar plates. Aftaerbation
at 37 °C for 24 h the zones of inhibition were mead. For fungal test organisms, potato dextrose plates were
seeded with test strains and antibiotic discs wdeged onto agar plates for 5d. The zone of inisibitwas
measured after the incubation period was completed.

RESULTSAND DISCUSSION

The pure colonies of isolate were obtained on Matist peptone glucose agar and the isolate watfidérand
characterized aSandida diversatrain JAlbased on the molecular characterization throughrE3A sequencing
studies shown in Fig. 1. The metallic nanopartickese successfully synthesized by the culture swgtant of
Candida diversastrainJALl. The appearance of a yellowish-brown colothia $ilver nitrate treated flask indicated
the formation of silver nanoparticles, whereas almrcchange was observed in supernatant withowtrsititrate in
both controls. The deposition of white clustershat bottom of flask treated with zinc oxide inde@dthe formation
of ZnO NPs by the culture supernatantG#ndida diversastrainJALl. The synthesis of metallic nanoparticles is
mediated by enzymes present in the microorganisitis as nitrate reductase [18]. The nitrate redectszyme is
induced by nitrate ions and reduces silver ionsmédallic silver. The mechanism behind reductiorsibfer ions is
due to electron shuttle enzymatic reduction pro¢&8% and microorganisms produce cofactors like NBNnd
NADH-dependent nitrate enzymes that are importactof in bioreduction of metal ions [20].
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Fig. 1 Phylogenetic relationship based on 18SrRNA gene nucleotide sequences between the Candida diversatrain JA1 and reference
sequencesretrieved from NCBI Gen Bank constructed through the neighbor joining method

The aqueous metal ions were reduced to silver amdaxide nanoparticles in AgNGand ZnO treated flask. The
formation and stability of the reduced metallic oparticles in the colloidal solution was monitoreg UV-Vis
absorption spectrum. The UV absorption spectrumi@andida diversatrain JAlreaction vessel at different time
of reaction is plotted in Fig. 2 and 3 which indesthe presence of AQNPs and ZnO NPs respectiaslyong and
broad peak observed between 420 nm and 425 nnrieenfhe formation of AQNPs. According to Hengle®i],
the observation of this particular peak represémsnanoparticles ranging from 2 nm to 100 nm. Asoaption
peak observed at 374 nm indicates the successfsythesis of ZnO NPs. The XRD pattern of silvératé treated
sample shows four intense peak in whole spectr@mahging from 10 to 90.
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Fig. 2 UV-visible absor ption spectrum of AgNPs synthesized by extracellular components of Candida diversatrain JA1
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Fig. 3 UV-visible absor ption spectrum of ZnO NPs synthesized by extracellular components of Candida diversatrain JA1

The characteristic XRD peaks were centered atd8°and 65°, which is similar to the following stslline planes
of silver; (1 1 1), (2 0 0) and (2 2 0), respediivdhe strong and narrow diffraction peaks in ¥ieD pattern
indicate that the product has well crystalline cfive (Fig. 4). The XRD peaks at 31°, 47°, 56° &5d were
identified as (1 0 0), (1 01), (10 2), (1 10) §42d 2) reflections, respectively (Fig. 5).
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Fig. 4 XRD pattern of biosynthesized AgNPs by extracellular components of Candida diversatrain JA1
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Fig. 5 XRD pattern of biosynthesized ZnO NPs by extracellular components of Candida diversatrain JA1

These peaks indicate the synthesis and well cliysabtructure of zinc nanoparticles. The formatioh the
biosynthesized AgNPs and ZnO NPs was examined b¥AEBombined with FE-SEM. The EDXA spectrum
revealed a strong signal for metallic nanoparticlése appearance of signals was likely due to Xemjssion from
carbohydrates/proteins/enzymes present in then@dllof the biomass [22]. It has been demonstrétedl the size,
shape, surface area, solubility, chemical compwsittlispersion factor of nanoparticles play exaeyati roles in
determining their biological responses [23]. Figa)6represents the silver nanoparticles of longgdbed shape
synthesized by andida diversastrain JA1 with size predominantly of 92.8 nm arngl. B(b) confirms the presence
of biologically synthesized silver through EDXAgFi7 (2) demonstrates the zinc oxide nanopartafiesctangular
shape with the size of 73 nm and Fig. 7(b) confithespresence of biosynthesized zinc oxide nanigfestthrough
EDXA.
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Fig. 6(a) Biosynthesized AgNPs by Candida diversatrain JA1 correspondsto 1 um scale bar
6(b) EDXA analysis of extracellularly biosynthesized AgNPs by Candida diversatrain JA1
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Fig. 7(a) Biosynthesized ZnO NPsby Candida diversatrain JA1 correspondsto 1 um scale bar
7(b) EDXA analysis of extracellularly biosynthesized ZnO NPsby Candida diversatrain JA1

The antimicrobial activity of extracellular biosyesized ANPs was evaluated against various patimgeacteria
and fungi by Kirby-Bauer methodEscherichia coli (14.00+£0.00) Pseudomonas aeruginos@d3.33+0.47)
Salmonellasp. (14.33+0.47)Staphylococcus aure($1.66+0.47) Enterococcusp. (11.00+0.81)Proteus mirabilis
(13.66+0.47). Biosynthesized AgNPs were also fotméhhibit fungal plant pathogens with 22.33+0.4@ndeter
zone of inhibition againdtusariumsp. and 16.33+0.47 of zone of inhibition agaispergillus terreustrain JAS1.
Strong inhibitory activity of ZnO NPs was manifestegainsPseudomonas aeruginoghs.66+0.47) andrusarium
sp. (16.33+0.47). The antibiogram study of biosgsthed silvel3] and zinc oxidg24] nanoparticles has been
previously reported by various researchers agaiastogenic microorganisms. The antimicrobial effeenifested
by metallic nanaoparticles synthesized usBandida diversastrain JA1 has shown pronounced inhibitory effect
against various clinical pathogenic microorganisififee destabilization of outer membrane, collapséhefplasma
membrane and depletion of intracellular ATP by tietallic nanoparticles is responsible for the faioraof zone
of inhibition against clinical pathogens. The syjistic effect represents the combination of antibg with
biosynthesized metallic nanoparticles against @ihipathogen. The antibacterial activity of tigdoye and
ofloxacin increased in the presence of biosyntleekgilver nanoparticles against test strains (Tapl&he increase
in synergistic effect may be caused by the bondéagtion between antibiotic and nanomaterials. d@biotic
molecules contain many active groups such as hytliemd amide groups, which react easily with namesiby
chelation. The combined effect of biosynthesize® 24Ps with erythromycin, tigecycline and ofloxaeintibiotics
was promising against various clinical pathogand showed effective zone of inhibition (Table 2).

Table 1. Diameter of zone of inhibition of combined effect of extracellularly biosynthesized AgNPswith different antibiotics (with and
without antibiotics) against Gram positive and Gram negative bacteria

Antibiotics Diameter zone of inhibition (mm)

Microorganisms Tigecycline Vancomycin Erthromycin Ofloxacin
Ab  Ab+NP % Ab Ab+NP % Ab Ab+NP % Ab  Ab+NP %

E. coli R 18 - R 17 - R - - 17 20 6.64

P. aeruginosa 12 15 2500 R 20 - 30 35 16.66 13 15 15.38

Salmonellasp. 20 23 1500 R - - R - - 15 18 20.00

S. aureus 25 30 2000 R 20 - 12 19 583 17 19 11.76

Shigellasp. 13 15 1538 R 18 - R - - 12 15 25.00

P. mirabilis 19 20 5.27 R 18 - R - - 13 1t 15.3¢

Enterococcisp. R 10 - R 14 - 18 22 22.2 16 19 18.75

K. pneumonia 12 15 2500 R 17 - 17 19 11.76 19 20 5.56
Note: Ab (a) — Antibiotic disc;Ab + Np (b) — Antibiotic disc dipped in nanopalgic Over all percentile increase % = b-a/a*100

R- Resistant
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Table 2. Diameter of zone of inhibition of combined effect of extracellularly biosynthesized ZnO NPswith different antibiotics (with and
without antibiotics) against Gram positive and Gram negative bacteria

Antibiotics Diameter zone of inhibition (mm)

Microorganisms Tigecycline Vancomycin Erthromycin Ofloxacin
Ab Ab+NP % Ab Ab+NP % Ab Ab+NP % Ab Ab+NP %

E. coli R 18 - R R R R 18 - 13 16 23.07
P. aeruginosa 25 30 20 R 21 - 20 23 15.00 15 33 120
Salmonellesp 16 21 3128 R 13 - R 18 - 3C 31 3.3¢

S. aureus 15 22 46.67 R 15 - 11 16 4446 28 30 7.17
Shigellasp. 19 20 5.27 R 27 - R - - 24 26 8.34
P. mirabilis 15 20 333 R 21 - R - - 18 2E 38.3¢
Enterococcip. R 22 - R 21 - 20 23 15.00 16 27 68.75
K. pneumoniae 18 19 5.56 R 14 - 12 15 25 10 21 110

Note: Ab (a) — Antibiotic disc;Ab + Np (b) — Antibiotic disc dipped in nanopalgic Over all percentile increase % = b-a/a*100; Resistant

The clinical pathogens exhibited multiple drugistsit to various commercially used antibioticd. thke bacterial
clinical pathogens showed resistance towards vapcion(30 pg/disc) followed by tetracycline (1fg/disc) and
erythromycin (15.1g/disc). Ofloxacin (5ug/disc) was found to be sensitive against all thetdria clinical pathogens
(Table 3). The fungal strains were completely tasisto flucanazole (2fg/disc) but the strains were sensitive to
voriconazole (ug/disc) as shown in (Table 4).

Table 3. Antibiogram study of bacterial clinical pathogens

Diameter zone of inhibition (mm) againgt antibiotic disc
Ofloxacin  Erythromycin  Tigecycline Vancomycin  Ciprofloxacin ~ Tetracycline

Clinical pathogens

E. coli S (11) R S (19) R S (18) R
Salmonellasp. S (26) R S (16) R S (13) S (14)
S. aureu S (22 S (18 S (26 R S (19 S (17

P. mirabilis S (28) R R R R S (18)
Shigellasp. S (31) R S (20) R R S (22)
Enterococcussp S(18) S (23 R R S (19 R

Note: S- Sensitive, R- Resistant

Table 4. Antibiogram study of fungal clinical pathogens.

Diameter of zone of inhibition antibiotic disc (mm)
Flucanazole (25 pg/disc)  Voriconazole (5 pg/disc)
R

Microor ganisms

Candida tropicalis S (29)
Fusariumsp. R S (26)
Scedosporium sgAS1 R S (27)
Ganodermasp. JAS4 R S (30)
Aspergillus terreus straidAS1 R S (33)

Note: S- Sensitive, R- Resistant

Biosynthesis of nanopatrticles offers a valuabletrdoution to the field of medicine when comparedotyysical and
chemical methods of nanopaticles synthesis. Inpiesent investigation biosynthesized AgNPs and [P
showed good antimicrobial effect against clinicalnell as plant pathogenic microorganisms.

CONCLUSION

In the present work, we were able to successfuligtiesize Ag and ZnO nanapaticles using extraeellul
components ofCandida diversastrain JA1l. The biosynthetic methods followed ie ghresent investigation in
synthesis of nanoparticles employi@@andida diversastrain JA1 are economical and nanoparticles haveepr
antimicrobial activity. The use of microbes suchyaast releases proteins, organic acids and paljagdes which
may have played an important role in stabilizatadnbiosynthesized metallic nanoparticles. The hmbisgsized
nanoparticles showed pronounced antimicrobial amkrgistic effect against clinical and plant pathiegs The
biosynthesis have proven to be eco-friendly and-togit alternative over physical and chemical mdthof
synthesis. The distinct advantage of using micrdbesanoparticle synthesis over chemical reactisrthe ease
and handling of mass production @andida diversastrain JA1 which in turn very convenient to massdopice
metallic nanopatrticles.
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