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ABSTRACT

Non toxic zinc oxide (ZnO) nanoparticles were synthesized using a novel soil fungus, Aspergillus terreus VIT 2013.
Production of these particles in fungal filtrate was observed by a change in colour from yellow to whitish yellow,
along with a white precipitate which settled to the bottom of the flasks after three days. For confirming their
presence through UV spectral studies, the filtrate was scanned from 200 to 500nm and a strong peak was observed
at 388nm. X-ray diffraction analysis indicated peaks at (100), (002), (102), (110) and (112) corresponding to the
hexagonal structure of ZnO nanoparticles. The atomic force microscopy images showed the presence of spherically
shaped ZnO nanoparticles in aggregated form. Fourier transform infrared spectrum (FTIR) revealed the presence
of primary and secondary amines which probably aids in particle stabilisation. The highlight of the study was that
the particles showed no antibacterial activity against normal skin flora, certain MTCC isolates and some fungal
pathogens. Overall analysis of results revealed that the mycobiosynthesis of ZnO nanoparticles is a slow redox
process, which may involve extracellular oxidase and reductase enzymes, synthesised by a new fungus, viz,
Aspergillusterreus VIT 2013. Further, these particles are non toxic and hence can be used in the formulation of skin
care products. Their applications can also be extended to other industries as disposal will not present any
ecological imbalance.
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INTRODUCTION

Nanomaterials largely exhibit distinctive physicahemical and biological properties compared tdrtheacro
scaled counterparts [1Metal nanoparticles, with such unique charactedsthave aroused major interest in the
field of materials science.Thesiynthesis and applications in fields of electropisptonic and food industries, as
well as environmental remediation, has been firggjablished [2-4]. Additionally, biocompatible, fitionalized
and inert metal nanoparticles have found potensak in cancer diagnosis and therapy[5]. Chemiedhoas have
been fairly successful isynthesizing metal nanoparticles for many of thagglications. However, several
disadvantages are observed here which includest®funoxious precursor chemicals and toxic sofvaling with
the incidental synthesis of harmful by products [8¢nce increasing efforts are being diredtmsardsdeveloping
eco-friendly “green synthesis” pathways for thgroduction [7]. These methods utilise non toxiolbgical
organisms and clean technology, thus adopting sincemment friendly approach.

Utilisation of micro organisms for the synthesismétal nanoparticles is slowly being established, it leads to
formation of particles with well-defined shapes aiwes within a narrow size range. This procesgpsoducible
and can be achieved successfully every time byfudrecontrolling and monitoring the syntheses cibiods.
Bacteria have been used for production of metalvels as metal oxide nanoparticles. For example, shiate
reducing bacteri®esulfovibriode sulfuricans has been employddr the production of palladium nanoparticles and
silver resistant bacteria has been used for syiaihgsanisotropic silver nanoparticles [8,9]. Fuagé emerging as
more effective and alternative organisms for thisppse as they are an established source for mecret
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extracellular enzymes which possibly reduce metasiin the medium to nanoparticle form. Severabrespattest
this phenomenofv,10,11]. However, the precise mechanism by wihieh particles are produced using microbes
has not been reported clearly.

In this studyAspergillus terreus has been utilised for the extracellular synthes$isimc oxide nanoparticles. These
particles have been characterised by various im&nal techniques and their antibacterial actiligs been
ascertained against skin flora and also certainncompathogens. Many metal and metal oxide nanapestfind
extensive applications in health care, pharmacaluiod cosmoceutical industries [3, 12] probablg do their
antibacterial and antifungal activity. But this pesty may cause them to be toxic to normal skinaflmo which
may be deleterious to the skin in the long runtesé bacteria serve to protect the skin againstagenirhe
particles synthesised in this study are harmlesglssiow no activity against normal skin flora. Hericey can be
used safely in skin care products and to our kndgée this is the first report for the mycobiosysikeof skin safe
ZnO nanoparticles.

EXPERIMENTAL SECTION

Chemicals and media: Zinc Chloride (ZpCéxtra pure) was purchased from Thomas Bakersnaedia were
purchased from Hi Media.

Instruments: UV- Vis Spectrophotometer (BL222, EO)C Powder X-ray diffraction (XRD, Brukar Advance,
Germany) Fourier Transform Infrared SpectroscopyAffinity, Shimatzu), Atomic Force Microscopy (Narsurf,
Switzerland).

Microbial isolates:Micrococcus luteus (MTCC 4300), Escherichia coli (MTCC 443), Pseudomonas aeruginosa
(MTCC 8076), Klebsiella pneumoniae (MTCC 7407), Saphylococcus aureus (MTCC 3160), Bacillus subtilis
(MTCC 441), salmonélla typhi (MTCC 3231),Enterobacter aerogenes (MTCC 111), Proteus mirabilis (MTCC
9493), Penicillium chrysogenum (MTCC*160), Aspergillus niger MTCC 282),Candida albicans (MTCC*1637),
Saccharomyces cerevisiae (MTCC 170) and-usarium oxysporum (MTCC 284). skin flora and food pathogexiz,,
Micrococcus sp, Bacillus sp.Penicillium sp,Aspergillus sp ancE.coli andSalmonella sp.

Biomass production of fungus

Aspergillus terreus VIT 2013, isolated from soil sample and charaetstipreviously using 28S DNA sequencing
(unpublished results) was used for the study. Timgifwas subcultured and grown in Malt Glucose Y&a&ptone
media (MGYP) with the following composition (graiits¢): Malt extract-3, glucose-10, yeast extrackBd
peptone-5. The flask was incubated for 10 days@trtemperature to obtain sufficient fungal biomdswse broth
was then decanted and the fungal mat was procdésgbér by washing with Milli Q water thrice to rewve the
media components. The mat was reinoculated in 180mvilli Q water for 72 hours at room temperatutewas
subsequently filtered and the filtrate was usedfosynthesis of ZnO nanopatrticles.

Biosynthesis of ZnO nanoparticles and their characterisation by UV-Vis spectrophotometry

Synthesis of ZnO nanoparticles was initiated byirgl®.1mM Zinc Chloride solution (Zng)lto 50 ml of fungal
filtrate in a 100 ml conical flask. UV spectral diags were recorded for zero hour by scanningittraté between
200 to 800nm at one nm intervals. Subsequentlysdigtion was incubated in the dark at room temntpeea Since
production of ZnO nanoparticles was slow, scanniag continued every 24 hours. A control without &ldglition

of ZnCkL andcontaining only the filtrate was maintained simijarTo check for natural substrate hydrolysis, a
second control containing only 0.1mM Zn@®@las separately maintained and similarly monitored.

Instrumental analysis of ZnO nanoparticles

The filtrate containing ZnO nanoparticles was déuged at 10000rpm for 15 minutes. The pellet fadneas
washed with double distilled water and centrifuggdin. The process was repeated thrice and a smasanade on
a glass slide and dried. This was subjected to ARslysis. The wet pellet was dried further at raemperature,
mixed with KBr powder and scanned between 4000 @0 Bm' for functional group analysis by infrared
spectroscopy. The dried powder of ZnO nanopartekes packed to a flat surface onto a sample holdempawder
XRD readings were recorded

Isolation of skin flora

To check the toxicity of ZnO nanoparticles towasttin associated bacteria, skin flora was collectsidg sterile
cotton swabs and spread on nutrient agar platespletes were incubated at®87for 24 hours. Gram staining was
carried out for the isolated colonies and their photogy was recorded. These colonies were subedltan
separates slants, biochemical tests conductedrgadiems identified.
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Antimicrobial activity of ZnO nanoparticles

In vitro antibacterial activity of ZnO nanoparticles wastéel against skin flora and MTCC isolates mentioned
above along with certain food pathogewg,, E.coli, Salmonella sp Micrococcus sp and Bacillus sp. using CLSI
guidelines [13]. Mueller Hinton agar plates weregared and wells were made using sterile borerovernight
culture of each isolate (all MTCC, skin flora ambd pathogens), grown in nutrient broth was swalsegxarately
on different plates. ZnO nanoparticles were thohbyigvashed with MilliQ water and 100pl of nanopels
(2mg/ml) were added to each of the wells. The platere incubated at % for 24 hours. Antifungal activity,
against organisms mentioned above, was also castien Sabouraud Dextrose Agar (SDA) plates [Wélls
were bored in SDA using sterile borer. Spore susiperof fungi was made in sterile water and spareie spread
on the SDA plates. 100ul of 2mg/ml concentratioZie® nanoparticles were added into each well. Tatep were
incubated at room temperature for seven days. ®he bf inhibition was checked after the incubatiome. The
original fungal filtrate served as the negativetomin 100ul of 0.1mM ZnGl solution was added into the well and
antibacterial activity was also measured. Plate® wkecked for zone of inhibition around the well.

RESULTSAND DISCUSSION

Zinc nanoparticles, with interesting and novel gmigs have made an enormous impact in severatidrenof

science and technology [15, 16]. Being an n typricenductor with a wide band gap (3.37 eV) andrgdaxciton

binding energy of 60 mev at room temperature, atgsdf ZnO exhibit a wurtzite (B4) structure, whits non

centro-symmetric. These, along with their piezoeleproperty, has proved to be very useful indegelopment of
sensors and actuators in the opto electronic amdceeductor industries [2]. Some other versatil@lizptions

include their usage in cleaning of oil paintingg][iwater remediation [4] and improving thermodlagroperty and
ecological friendliness of carboxylated nitrile ®tamers [18]. The UV blocking feature of these ipl$ has been
successfully exploited by the textile industry famparting finishing touches onto fabrics and by dwsmetic
industry for incorporation into sunscreens and iotiedated preparations [19, 12]. Several studies tettributed
antibacterial and antifungal activities to thesetiples and elucidated their mechanistic modesatiba [20, 14].

Also, since ZnO has been attested as a safe nmdbgritne FDA, the antimicrobial property has provedbe

advantageous for its application in food packad#ig

With a view to cater to the versatile applicatioofs ZnO nanoparticles, in the present study, fod fungi
Aspergillusterreus VIT 2013 has been utilised for their synthesis. Thrical flasks containing fungal filtrate, when
challenged and incubated with 0.1mM Zp@ad to the formation of ZnO nanoparticles, as alised from the
colour change of the fungal filtrate, from palelgel to turbid whitish yellow as shown in Fig.1.0either a colour
change nor precipitate formation was observed énfldsk containing only either fungal filtrate on@l, solution,
which served as experimental controls.

Fig. 1. Redox process of substrateto ZnO nanoparticlesindicated by the colour change (A) Only filtrate (B) Filtrate and ZnCl,

Synthesis in the experimental flask was observdakta slow process, being initiated sluggishlyhia system, but
starting to be visible after 24 hours with weakapson at 388 nm. Synthesis accelerates by 48shas indicated
by a sharp increase in absorbance at the sameematiel The spectrum showed no other peak confirmoirg the
formation of ZnO nanopatrticles (Fig 2).
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Fig. 2. UV- spectral analysis of ZnO nanoparticles scanned at 12 hoursof intervals

The resultant white precipitate settled in the Kladter a period of 2-3 days, probably due to agatien and
agglomeration processes. ZnO nanoparticles are rkriowabsorb visible light between 340 and 390nm thed
specific characteristic wavelength of absorptiodépendent on size of the particles [21]. In cddarge particles,
blue shift is seen with respect to their band gaps in our system, the particles produced seene todaring the
upper limit of the range in which nanoscience ofgex.alhe particles are also fairly polydispersediated by the
broad band obtained at 388nm (Figure 2.0). Thisrérfce is also supported by the data obtained fhenAFM

study which puts down the size of the nanapartiaebetween 28-82 nm. The AFM image is shown iarég.0
and the particles are seen to be spherical aneggigd in groups.

Fig. 3. AFM image of ZnO nanoparticles

It would be interesting to elucidate the mechanibyn which the nanoparticles are formed in the presen
mycobiological system. One strong possibility hights an important role for the electrostatic iatgions, between
NADH dependent reductase enzyme, secreted out aoyplize fungi into the medium, and the positivehaged
zinc ions donated by the substrate. Such intenatitave been previously reported in the literafafs11]. A
natural consequence may be the reduction zinctmmsnoparticle form, which then subsequently carabiwith
oxide ions from the medium to form ZnO particldsjg may be conferring greater stability to the eaystMicrobial
reduction of metal ions to simple metal nanopatichas been discussed by several authors [22P2&}ious
reports from our laboratory also emphasised thehsgis of silver nanoparticles from related soihdus,viz.,
Aspergillus niger [24]. It would be relevant to state here thapergillus terreus aids the synthesis of only ZnO
nanoparticles and not plain Zn nanoparticles. Sinis the case with silver oxide and copper oxideoparticles
(unpublished results from our laboratory). The omafr this phenomenon is yet to be ascertainedtksitongly
suggests the involvement of a second enzyme apantthe reductase enzyme, which may be preseiapergillus
terreus VIT 2013 and not in many other commonly used oiganr reported for the synthesis of several metal
nanoparticles includingsspergillus niger which was used in our previous study. This enzyare grobably also be
an extracellular glucose monooxidase which fadéga the association of metal nanoparticles with the
electronegative oxide particles in the system tonfthe stable ZnO nanoparticles. Energetic stghifiny also be
conferred in the process and this may be drivimgefdor the formation of the wurtzite structure.

Extracellular glucose monooxidase, isolatiedm Aspergillus terreus, has also been also reported [25]. The

predicted mechanism for the formation of ZnO nambglas by Aspergillus terreus VIT 2013 in this study is
represented in Figure 4.0.
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Fig. 4. Representation of hypothetical mechanism for ZnO nanoparticle for mation by Aspergillusterreus VIT 2013

Analysis of ZnO nanoparticles by XRD revealed 2epeak values at 30100), 34 (002), 4P(102), 55(110) and
75°(112). This can be assigned to the hexagonal Zn(riteistructure as supported by the standard afal&PDS
card no. 36-1451[26]The peaks of XRD strongly supports the biofaliticaZnO nanoparticles even though the
intensity and heights of the peaks are found ttotver in comparison with reported values (Fig.5).
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Fig. 6 Deter mination of functional groupsinvolved in the ZnO nanoparticles by FTIR spectroscopy
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It has been reported that biosynthesis of metametal oxide nanoparticles are mediated through ahiaf
enzymesln the current study, involvement of enzymes watfiee through FTIR peaks obtained at 3414 ‘@nd
3130 cmi which correspond to primary and secondary amiespactively. The peaks at 2924 tneontribute
towards C-H bending of aromatic ring. The peaké&1lcn' corresponds to C=0 group of amide | and the pefks
amide Il and amide 11l were found at 1402 tand 1135 ci respectively [27]. The presence of Zn-O interactio
was confirmed by the peaks at 1070"camd 860 criiwhich are near to peak 979.9 ¢rtFig 6) [28]. Association
of the above functional groups with nanoparticlesrgly reveal the involvement of proteins in tleerfiation of
ZnO nanoparticles. These functional groups may tesemt in the extracellular oxidase and reductaggrnees
which play an important role in catalysing the teact for the formation of ZnO nanopartcles. Invatvent of
reductase enzyme in the synthesis of metal nariolearis well known. Based on our results we prepitee new
hypothesis of involvement of both oxidase and réah&enzymes in the biosynthesis of ZnO nanopesticl

Though there are several reports predicting thengrobial activity of ZnO nanoparticles [29], natavity was
observed by us, against several MTCC isolates &mdfkora, in present study. But in our previousdst of the
biosynthesis of AgD nanoparticles by same species, good antibactadtvity against methicillin resistant
Staphylococcus aureus was observedqunpublished resultsas shown in Fig 7. On comparing the biosynthesis
procedures of A@D and ZnO nanoparticles b&spergillus terreus VIT 2013, it has been noticed that, the
biosynthesis of the former particles is a rapidcpss and they are produced within an hour. In cdsnO
nanoparticles, more than three days are requiredthieir production. Even though in both cases, ithéox
mechanism is expected to operate, as only the nwtigles are preferred to be formed instead of metal
nanoparticles, the slow rate of synthesis of ZnQtheyenzymes may have rendered them non toxic. Mhises
them more advantageous for use in cosmetics agithept harm the resident skin flora.

Fig. 7. Antimicrobial activity of ZnO Nanoparticles, ZnCl, (control 1) and fungal filtrate (control 11) against A. MRSA B. MTCC culture
of S. aureus ((MTCC 3160) isolate

The non toxic nature of these ZnO particles wenmgfiomed by assessing their activity against cerfamgal food
pathogensyiz., Micrococcus sp, Bacillus sp. Penicillium sp, Aspergillus sp andE.coli andSalmonella sp. Here too
the particles showed no toxicity.

CONCLUSION

ZnO nanopatrticles are reported to be active agamnasty pathogenic bacteria and fungi. In additibeytmay also

be toxic to the skin flora. Despite their toxicitjrey are used in many formulations in cosmetic hedth care
industries. Further, these particles also haveroth@espread applications in many areas, and tfisposal after
use, may cause an ecological imbalance and headtrdls. The zero toxic and soft ZnO nanopartigdgsthesised

in present study, by a new soil fungispergillus terreus VIT 2013 can be used safely by the cosmetic and pharma
industries. Also, disposal of these particles, agious other industries, after the relevant appbicais not expected

to damage the ecosystem or cause any deleterifactseih humans.
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