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ABSTRACT - Nanotechnology become a hot research area over the past few years and metal nanoparticle synthesis using greener route
has receive much attention as it is cost effective, eco-friendly alternative to physical and chemical methods. In the present study, zinc oxide
nanoparticles (ZnO NPs) was biosynthesized using hilsa fish pickle as a precursor. The biosynthesized nanoparticles were characterized
by performing UV-Vis spectrophotometer, SEM, EDX and FTIR. SEM observations reveal irregular needle and spherical morphology
with particle size at the nanoscale mean size of 25nm to 42 nm. FT-IR analysis showed that the ZnO NPs’ surfaces contained many
functional groups. Antibacterial activity was shown by the ZnO-NPs on Gram-positive bacteria (Bacillus subtilis) and Gram-negative
bacteria (Escherichia coli). A maximum inhibition zone of ~18.66 mm was observed for Escherichia coli at a concentration of 50 pg/mL
for sample prepared at 24 h. Antibiofilm analysis also showed maximum inhibitory effects with the maximum concentration.
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INTRODUCTION:

Nanotechnology has become one of the popular technologies in recent years due to its great impact on the electronics
industry, electronics, and an aerospace industry, medicine, biomedicine, environment, and agriculture. In the past two decades, the
biosynthesis of NPs has received considerable attention due to the growing need to develop environmentally friendly technologies
in the field of material synthesis [1] e.g. biotic synthesis of metal NPs uses microorganisms such as fungi [2], yeasts [3], bacteria
[4,5], plants [6] and algae [7]. Nanoparticles are rapidly attracted attention in areas such as health care, cosmetics, biomedicine,
food and feed application, drug administration, environment and health [8]. Synthesis of metals and metal oxide nanoparticles by
using green access considered to be an ecological friendly, a cost-effective, biocompatible, safe and valuable approach [9].

The potential use of yeast in the biosynthesis of NPs is promising due to the easy handling of yeast in laboratory conditions, their
abundant enzyme synthesis and rapid growth without the need complex nutrients [10,11]. Yeast biomass is able to produce metal
nanoparticles and nanostructures through the reduction of proteins in enzymes either by intracellular or extracellular. Zinc oxide
nanoparticles (ZnO-NPs) are the most commonly used metal oxide nanoparticles because of their characteristic optical properties
and chemical properties that can be easily modified by changing the morphology and width bandgap (3.37 ¢V) and high excitation
binding energy (60 meV) for ZnO-NP simulation to be a strong photocatalytic and photo oxidative group against chemical and
biological agents species [12,13] . ZnO-based structures have been exhibit to biodegradability both in the bulk phase and in the
form of nanoparticles [14]. Zn ions also act as the principal mediators of intracellular bacterial toxicity, disrupting their cell
membranes [15]. ZnO NPs have antimicrobial activity against many pathogenic organisms such as bacteria and fungi by penetrating
the bacterial cell wall and cell membrane. Such different behaviour of ZnO NPs makes them effective for use as antibacterial agents
against pathogenic microbes such as Gram-positive and Gram-negative bacteria and for the antibiofilm activities. The main cause
is the emergence of microbes resistant to antibiotics nosocomial infections that are considered serious public health a problem that
has led to increased morbidity and mortality worldwide [16,17]. Due to the worldwide escalation of bacterial resistance which has
become a major problem nowadays is urgently needed improve and develop methods and strategies for solving this problem. Due
to their antibacterial activities, they represent metal NPs an effective solution for overcoming bacterial resistance [18, 19]. In
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hospital, biofilm formation mainly on medical equipment, and a tactic used by microbes to resist antibiotics, allowing them to persist
and easily spreads to patients, destroys immune defences and causes most chronic and recurrent infections [20,21]. In this context,
it is essential to design original, novel, innovative and cost-effective strategies that can eradicate or prevent infections associated
with biofilms. Some NPs such as Ag and ZnO have shown inhibitory effects on the formation bacterial biofilm [22,23]. The current
study focussed on synthesizing ZnO NPs using green synthesis route using yeast metabolite of hilsa chilli fish pickle. As fish are
very perishable, they start spoiling as soon as possible are harvested. Deterioration hilsa fish meat is caused by the action of enzymes,
microorganism and chemical action. The biosynthesized NPs were characterized and confirmed by various instrumentation
techniques such as UV—Vis, EDX, FE-SEM and FTIR. Finally, the biological activity of ZnO NPs including against antibacterial
and antibiofilm activities.

Material and Methods:

Hilsa chilli fish pickles were collected from a local market of Manipur, North East India. Zinc acetate dihydrate (Zn(Ac),.2H>0) as
a precursor. Yeast extract peptone dextrose agar (YEPDA), yeast peptone dextrose broth, distilled water, aluminum foil, and
Whatman No. Ifilter paper

Sample preparation and isolation of yeast:

5g of hilsa chilli fish pickle were washed with distilled water 2-3 times to remove oil and species. The hilsa chilli fish were kept in
water at room temperature for 2-3 days. The fish biomass were separated by using Whatman filter paper No.1 and the filtrate were
collected in a falcon tube for further yeast isolation. The isolation of yeast strain was done by standard serial dilution methods.
Briefly, 1ml of filtrate (Hilsa pickle) was inoculated in 9ml YPD broth, 10! to 107 serial dilution was done and the samples were
incubated for 24hrs at 37°C. In YPD agar plates, the samples were spread using a sterile spreader and incubated for 24hrs at 37°C.
For pure culture isolation, three rounds of streaking were done and the colonies were marked properly for further characterization
[24].

Morphological characteriza were studied on the basis of colour, texture, margin, elevation, shape, size. Methylene blue staining was
performed to elucidate the morphology and arrangement of yeast cells and budding. Methylene blue penetrates into every cell.
Living cells enzymatically reduce the dye to a colourless product and become unstained, whereas dead cells were stained blue.

Extracellular Synthesis of ZnO-NPs:

Yeast cells were inoculated into growth medium (Yeast extract, peptone, dextrose). 25 mL of yeast cell mixed with 2.5mL zinc
acetate dihydrate (Zn(Ac)2-2H20) solution (10 mmol/L) and incubated at 37°C in the shaking incubator, agitated at 150 rpm for 24
to 36 h. After the colour of the solutions changed from light brown to pale and deep white, the biomass products were collected by
using centrifugation at 10,000 rpm for 10 min and then dried the pellet at 150°C for 6 h. The supernatant were kept for further test
and the pellet converted into powder form for further analysis [24].

Characterization of synthesized zinc oxide nanoparticles:

Various techniques were utilized for nanoparticle characterization, including Fourier transform infrared technique (using a Bruker
a-T , with wave number range of about 4000-400 ™! and a resolution of about 4-8 cm), Field Emission scanning electron
microscopy with EDX & sputter coated (model —sigma 300, carl Zeiss) UV—vis spectroscopy (UV-1800, Shimadzu). The optical
characteristics of samples were determined using a UV—Visible spectrophotometer, which was operated in the range between 300—
800 nm.

Antimicrobial Screening of ZnO-NPs:

Bacteria such as E. coli, and B. subtilis were used for the study. Antimicrobial activity of zinc oxide nanoparticles towards the gram
positive and negative bacteria were studied by using well diffusion method. Muller Hinton Broth (2.1 g in 100 ml of distilled water)
was prepared and each strains were inoculated separately into culture broth and incubated overnight at 37°C. Muller Hinton Agar
was prepared and autoclaved. Agar was then poured into sterile plates and allowed to solidify. 500pul fresh bacterial cultures were
plated on an agar plate. Three wells with a diameter of Smm each were created in the plates using a gel puncher. The wells were
filled with 50ul each of crude extract, aqueous zinc salt, biosynthesis zinc oxide nanoparticles. Ciprofloxacin was used as positive
control. After 24 hr zone of inhibition were measured [25].
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Anti-biofilm activity detection:

Anti-biofilm activity of ZnO NPs was determined against E. coli, and B. subtilis using 96-well microtiter plate method as described
by Saising et al., 2012[26]. All biofilm experiments were repeated three times. In microplate wells, 100 pl of each bacterial
suspension was mixed with the same volume of solution of biosynthesized ZnO nanoparticles having different concentrations (25,
50, 75 and 100 pg/ ml) and incubated at 37 °C for 24 h. The control test includes wells containing inoculum without ZnO NPs and
wells containing only growth medium as positive control and negative control. After incubation, the culture supernatant was
removed and the microplate wells were washed three times with phosphate buffered saline (PBS) to remove non-adherent cells.
200pl of 0.1% violet crystal solution were added to the adherent bacteria on the plate and kept it for 30 min. Then, the microplate
was washed thrice with distilled water to remove excess crystal violet and make it dried at room temperature. 200 pl of ethanol-
acetone mixture (75/25%) was added to each wells and kept it for 30 min. Biofilm inhibition was determined by optical density
(OD) at 595 nm using a microplate reader (Bio Tek SN 200309B) and the biofilm inhibition rate was calculated using the equation
below:

e Absorbance of control—Absorbance of ZnONPs
Antibiofilm % = x 100

Absorbance of control

RESULTS AND DISCUSSION
Isolation of yeast and ZnO NPs synthesis:

Morphologically distinct yeast strain HF1 and HF2 were selected to synthesize ZnO NP. This study describes the extracellular
synthesis of ZnO-NPs by using two yeast strains HF1 and HF2. The formation of ZnO was visually observed through the color
changes of the Zn biomass suspension from light brown to cream color after incubation for 24 to 36 hours. A deep white colour
was observed after 24 h of incubation and remained stable up to 36 h (Figure 1). Biochemical mechanism generation and stabilization
of nanoparticles remains largely unexplored, but some researcher groups have shown that the key biomolecules involved in the
formation of metal/metal oxide nanoparticles are the ones that are present in the organisms [27, 28]. The most active functional
groups for Zn ion complexation are the Hydroxyl groups of Amino acid. These molecules hydrolysis and finally synthesis of zinc
nanoparticles by using thermal decomposition. The structure helps the zinc particles by stabilizing them and the ZnO-NPs prevent
crystal growth [16].

Figure: 100x methylene blue staining (A) HF1 (B) HF2
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Figure 1. The changes in color of Zn (A) at 0 h; and (B) 24 h of incubation. .

Characterization of ZnO-NPs:

The UV-vis absorption spectra of the biosynthesized ZnO-NP samples are shown in Figure 1. The spectra demonstrate typical ZnO
absorption peaks at wavelengths ranging from 320 to 340 nm which can be assigned to ZnO self-absorption in the band gap due to
electronic transitions from the valence band to the conduction band (O2p—Zn3d) [29]. These changes can be attributed to
differences in morphology, particle size and surface nanostructures of prepared nanoparticles. [29]
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Figure 2: Absorption spectra of the ZnO-NPs

FTIR analysis of ZnO nanoparticles :

In the present study, FTIR was used to determine the functional groups on the surface of the synthetized ZnO NPs. The samples
(HF1) have absorption peaks in the range of 3364, 1658, 1534, 1065, 609,541 cm-' . The spectrum obtained clearly shows ZnO
absorption band in the region 500 and 600 cm-' [30]. The stretch for ZnO nanoparticles were found to be around 541 cm-! -609
cm-'. The C-O stretching alcohols, carboxylic acids, esters, ethers show the peak at 1065 cm-' . The C-C stretch (in-ring) aromatics
show the peak at 1534 cm-' . The observed peak at 1658 cm-! leads to N-H bend primary amines. The band showed at 3364 cm-!
relates to O—H stretching. The sample (HF2) exhibit absorption peaks in the region of 3240, 1245, 1514, 1041, 609, 544 cm -'. The
metal-oxygen (ZnO stretching vibrations) vibration pattern is correlated with the 544 cm-! - 609cm-! absorption peak. Here the C-
O stretching alcohols, carboxylic acids, esters, ethers show the peak at 1041 cm-! [31]. The C-C stretch (in-ring) aromatics show
the absorption peak at 1514 cm-'. The observed peak at 1645 cm-! leads to N-H bend primary amines and 3240 cm-! corresponds
to strong stretching vibrations of hydroxyl functional groups. The properties of ZnO-NPs is predominantly depends on the surface
structure of the Zn-O bonds [16].
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Figure 3: FTIR spectra of the synthesized ZnO-NPs

Structural characterization of zinc oxide nanoparticles using SEM:

The SEM results revealed the presence of the synthesized zinc oxide nanoparticles in HF1 and HF2 yeast strains as micro-sized
ZnO with an average size range of 25nm to 42 nm. SEM photographs shows the presence of particles with almost spherical or
triangular and needle-like shape, very adherent like cotton forming agglomerates. Magnification range from 5000X to 50,000X and
resolution is from 10 to 200 nm. EDX with SEM is the other technique to determine the arrangement and composition of biologically

synthesized nanoparticles. In this spectrum, it is observable that important elements of biologically synthesized nanoparticles are
zinc and oxygen.
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Figure 4: SEM micrographs with EDX graphs of synthesized ZnO NPs
Antimicrobial activity:

The effect of zinc oxide nanoparticles on E. coli, and B. subtilis were studied using well diffusion method. ZnONPs exhibit good
inhibitory activity against Gram-negative bacteria compared to Gram positive bacteria. A zone of maximum inhibition was recorded
when the

concentration of ZnONPs (50 pg/ml) against E.coli for HF1 was (14mm) and HF2 was (18.6mm). B. subtilis for HF1 (14mm) and
HF2 (11mm). The crude extract did not show significant zone of inhibition. A zone of inhibition was observed in all the plates from
which it can be concluded that zinc oxide nanoparticles have antimicrobial activity. It was reported that the cell membranes of
Gram-negative bacteria such as E. coli tested in this study, the peptidoglycan layer is protected by an external lipopolysaccharide
(LPS) membrane in the cells of Gram-negative bacteria. In environments where exterior materials can damage it, it helps the bacteria
to survive [32]. B. subtilis has some strategies to survive in harsh conditions. The formation of protective endospores is one of the
important functions [33].

Antimicrobial activity of zinc oxide of nanoparticles is mainly caused by the formation

highly reactive species such as OH-, H,O,, O**. H,0», penetrates the cell membrane. OH- and O* damage the cell membrane and
cell wall from the outside. ZnO-NP acts as an effective bactericidal agent against both Gram-positive as well as Gram-negative
bacteria and have been found to interact directly with the cell wall of bacteria leading to death. The values of zone of inhibition
obtained from the study are presented in the Table.

Samples Antibiotic disc (mm) | ZnO NPs (mm) (50pl)
ciprofloxacin Smcg

HF1 (E. coli) 16.66 14

HF2 (E. coli) 15 18.66

HF1 (B. subtilis) 19.3 14

HF2 (B. subtilis) 12 11
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Figure 5: Plates showing inhibition zones containing ZnO NPs (A) HF1 (E. coli) (B) HF2 (E. coli) (C) HF1 (B. subtilis) (D)
HF2 (B. subtilis)

Anti-biofilm activity of ZnO NPs:

The results indicate that the biofilm formed by the two bacterial strains is effectively inhibited by ZnO NPs in the two tested bacterial
strains a significant inhibition rate was observed when treated with ZnO NPs in a concentration of 100 pg / ml. Biosynthesized ZnO
NPs to inhibit biofilm formation confirms its potency and efficiency to eradicate biofilm layer that is considered like an impermeable
barrier to antibiotics. ZnO NPs efficiently inhibited the formation of biofilm by both microorganisms in a dose-dependent manner
(25, 50, 75, and 100 pg mL™"). It was found that the rate of inhibition reached 87 and 83% in HF1 and HF2 for B. subtilis. For E.
coli the ZnO-NPs reduced the biofilms development of by 89 and 86% in HF1 and HF2. The graph show that more the concentration
of ZnO NPs less bacterial growth. The data revealed greater toxicity of NPs in concentration dependent manner with cell wall
disruption and higher membrane permeability [34]. Green-synthesized ZnO NPs were able to cause biofilm degradation by
weakening the structural components of biofilm-forming EPS [35].
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Figure S : Inhibition of biofilm formation of B. subtilis and E. coli by ZnO-NPs. The result are presented as mean of three
replicates +standard deviation .

CONCLUSION:

For the first time, the potential use of isolated yeast strain from Hilsa chilli fish pickle for synthesis. In this study, ZnO-NPs are
demonstrated using the green method. They were ZnO nanoparticles it was found to have a spherical or triangular structure with an
average crystallite size of ~25nm—42 nm. The duration of the reaction was found to play a critical role in size, shape and distribution
ZnO-NPs. Furthermore, ZnO NPs successfully inhibited biofilms formed by E. coli, and B. subtilis. The biosynthesized ZnO NPs
exhibited good antimicrobial activity against both Gram-positive (B. subtilis) and Gram negative bacteria (E. coli). The ZnO-NPs
were noticeably effective on E. coli . Moreover the synthesized ZnO nanoparticles can be used for combating biofilm and further
analysis needs to be done on multi drug resistant pathogenic bacteria. This green synthesis approach appears to be a non-toxic, cost
—effective and eco-friendly alternative to the physical and chemical methods, and would be suitable for developing a biological
process for large scale production.
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