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A B S T R A C T   

In the present work we demonstrated an environmentally acceptable biogenic synthesis of ZnO NPs using 
Pseudomonas putida (MCC 2989) broth culture. The physiochemical and morphological characters of the syn
thesized ZnO NPs was confirmed using UV–vis spectroscopy, XRD, SEM-EDX, and FTIR. The anti biofilm and anti 
bacterial activity of the synthesized ZnO NPs were studied against Pseudomonas otitidis (MCC 2509), Pseudomonas 
oleovorans (MCC 2566), Acinetobacter baumannii (MCC 2366), Bacillus cereus (MCC, 2039), and Enterococcus 
faecalis (MCC, 2041) using MTP and disk diffusion assay. The UV–Vis spectra show maximum absorbance of 300 
and 310 nm for supernatant and isolated ZnO pellet, respectively, with a corresponding band gap of 4.00 eV. The 
FTIR results show the evidence for the presence of C––O, CH, and NH2 groups, which proves the presence of 
remains of carbohydrates and amino acids from the bacterial culture used that is responsible for the formation of 
nanoparticle as well as for its stabilization. The results of anti-biofilm activity by MEP assay proved that the green 
synthesized ZnO NPs showed very potent activity against the tested microbial biofilms. Further, the ZnO NPs 
possess great anti microbial activity against the tested gram (þ) and gram (� ) ve microbes.   

1. Introduction 

Nanotechnology is an promising branch engineering science that 
involves in synthesizing and manipulating particles with specified shape 
and size below 100. Various nanoparticles like Fe, Ni, Co, Mn, Zn, etc. 
are widely-known and accepted nano materials for a variety of appli
cations such as in catalysis, bio imaging, anti oxidants, and in life science 
as antimicrobials (Sharma et al., 2010; Ingale and Chaudhari, 2013; 
Anandalakshmi et al., 2016; Thaya et al., 2016; Fawcett et al., 2017; 
Ganesh et al., 2019). Further, nanoparticles are used in medical sciences 
in cases of drug delivery, imaging, and diagnostic tool. Nanoparticles 
possess a high surface area to volume ratio due to their small size, which 
leads to the very distinctive features of nanoparticles (Korbekandi and 
Iravani, 2012). 

Nanoscience fields are growing rapidly on various fronts due to their 
completely new or enhanced properties based on size, distribution, and 
morphology (Khalil et al., 2013). Nanoparticles are swiftly attracting 
attention in areas such as health care, cosmetics, biomedical, food and 

feed, drug delivery, environment, and health applications (Kaviya, and 
Viswanathan, 2011). The synthesis of metal and metal oxide nano
particles using a green approach is considered to be an environmentally 
friendly, cost effective, biocompatible, safe and valuable approach 
(Abdul et al., 2014). The phytochemicals from the plant extract and 
secondary metabolites from micro organisms may act as both reductant 
and capping or stabilizing agents for NP production (Auld, 2001; Xiao 
et al., 2016; Alijani et al., 2019; Shervani and Yamamoto, 2011). 

The clean, non-toxic, and environmentally acceptable metal nano
particles are hydrophilic in nature, dispersed uniformly in aqueous 
media, highly stable, and have shown enormous antimicrobial activity 
(Jayaseelan et al., 2012; Chan and Matdon, 2013). ZnO is one among the 
non-toxic metal oxide nanoparticles that acts as a strong antibacterial 
agent, and it has bactericidal activity on both gram positive and gram 
negative bacteria. Using ecologically beneficial materials like plant ex
tracts, bacterial cellular extract, fungi, and enzymes for the synthesis of 
ZnO NPs leads to abundant benefits in terms of eco-friendliness and 
compatibility for a wide range of pharmaceuticals (Shankar et al., 2004). 
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Many organisms of both unicellular and multi cellular structure mediate 
formation of nano sized materials, either by intracellular or extracellular 
route. Recent studies on metal oxide nanoparticles evidences the anti
microbial activity including cell death in eukaryotic as well as pro
karyotic cells (Nel et al., 2006; Long et al., 2006; Magrez et al., 2006) 
and show growth inhibition in due to cytotoxicity of the nano particle. 

Pseudomonas putida (MCC 2989) a gram-negative, rod-shaped, soil 
bacterium that has the ability to degrade hydrocarbon (Marques and 
Ramos, 1993) and can utilize a wide variety of organic compounds as 
energy sources. It has been shown to be relatively efficient in the bio
accumulation of heavy metals from polluted effluents P.putida CZ1 
possesses the tolerance to growt in the presence of metals (Cu, Zn) as 
well as it has high metal uptake capacity in aerobic conditions. There
fore, it can be potentially applicable for the in situ bioremediation of 
heavy metal-contaminated soil and water. The microbial process for the 
production of nanoparticles can take place either intracellularly or 
extracellularly (Ahmad et al., 2007; Jain et al., 2011). Extracellular 
biosynthesis is cheap and requires simpler downstream processing. 

Hence, in this research ZnONPs were prepared by microbial 

synthesis using Pseudomonas putida (MCC 2989) broth culture. The 
biologically developed product was characterized for its physiochemical 
and morphological characters with the aid of UV–visible, UV-DRS, FTIR, 
XRD, and FE- SEM- EDX and TEM. In addition, we have also evaluated 
the in vitro biological characterization such as Growth analysis, congo 
red agar test, anti-biofilm activity, and antibacterial activity of synthe
sized ZnO NPs. 

2. Materials and methods 

2.1. Bacterial strains and chemicals 

Pseudomonas putida (MCC 2989), Pseudomonas otitidis (MCC 2509), 
Pseudomonas oleovorans (MCC 2566), Acinetobacter baumannii (MCC 
2366), Bacillus cereus (MCC 2039), and Enterococcus faecalis (MCC 2041) 
were obtained from Microbial Culture Collection (MCC), Pune, India. 
The culture samples were lyophilized and resuspended in tryptic soy 
broth (TSB) at 37 �C for 24 h so as to retain their natural or viable nature. 
The strains were grown under aerobic conditions at 37 �C in glass culture 
tubes with shaking at 150 rpm with light source-equipped shaker incu
bator. All the chemicals such as Zinc nitrate, Nutrient agar, Muller 
Hinton agar, Tryptic Soy Broth, and Muller Hinton broth were purchased 
from HiMedia Laboratories Pvt. Ltd., Mumbai, India. 

2.2. Preparation of broth culture 

The Pseudomonas putida strain was successfully revived in both 
Tryptic Soy Broth (TSB) and Tryptic Soy Agar (TSA) at 37 �C. A single 
colony was then inoculated in TSB (25 mL) in 250 mL conical flasks, 
which was then cultured at 37 �C and 150 rpm 24 h cultures were ali
quoted with a dilution of 1:100 in TSB medium. Microbial growth 
measurements were taken at 600 nm using a spectrophotometer (UV–Vis 
(SpectramaxR Plus 384, St.Josephs college, Cuddalore). Pseudomonas 
putida (MCC 2989) was inoculated into TSB broth media under the 
aseptic condition of laminar flow. It was then placed in a shaker incu
bator at 35 �C and 150 rpm for 24 h. 

2.3. Growth viability 

Growth kinetics were essentially investigated by a UV–visible spec
trophotometer with different intervals (6, 24, 48 h and control) of 
incubated P.putida broth culture at 600 nm. The control broth (without 
Zinc nitrate) value as compared with zinc nitrate added culture broth 
optical density value was plotted. After 48 h, the microbial viability in 
the presence or absence of with and without zinc nitrate culture broth 
were determined by UV–visible at O.D 600. 

2.4. Growth analysis of Pseudomonas putida 

A 50 mL overnight P. putida (MCC 2989) culture was grown in a 
100 mL flask in Tryptic soy broth (TSB). Then, 10 mL of overnight cul
ture was transferred into 100 mL of fresh culture medium (TSB), which 
was then incubated at 37 �C in a shaking incubator. Cultured samples 
were taken at different time intervals, a 5 mL aliquot was sampled from 
P. putida culture, and then the sample was transferred to a 10 mm 
corvette, and the optical density was measured at 600 nm (Mytilinaios 
et al., 2014). 

2.5. Synthesis of ZnO nanoparticles by P.putida 

Pseudomonas putida (MCC 2989) cells were allowed to grow as a 
broth culture in sterile distilled water containing tryptic soy broth media 
for 24 h. First, 25 mL of culture was taken and diluted with 75 mL of 
sterile distilled water containing nutrients. This diluted culture solution 
was then allowed to grow again for another 24 h. Next, 100 mg Zn 
(NO3)2 were added to the culture solution, and it was kept at 37 �C with 

Fig. 1. UV–Vis spectrum of Pseudomonas putida growth kinetics at different 
time intervals (C1) - control (broth medium), (D1)- 6 h culture, (E1)- 24 culture, 
(B1)- 48 culture. 

Fig. 2. UV–Vis spectrum of synthesized ZnO nanoparticles (a) Zinc oxide NPs 
extracted from reaction mixture (b) UV-DRS spectrum of Calcinned ZnO NPs. 
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150 rpm for 24 h until white deposition began to appear at the bottom of 
the conical flask, indicating ion transformation. The culture solution was 
cooled and allowed to incubate at room temperature. After 12–48 h of 
rotary shaker incubation, the reaction mixture showed distinctly visible 
coalescent white clusters deposited at the bottom of the flask. After in
cubation, broth culture was centrifuged at 5000 rpm for 15 min. Su
pernatant and pellet were separated and dried for further study. The 
supernatant was kept in the petridish, and it was allowed to dry for the 
preparation of solid powder sample in the hot air furnace 400 �C for 2 h 
(Kirthi et al., 2011; Prasad et al., 2011). 

2.6. Characterization of zinc oxide nanoparticles 

The optical property of Zn NPs was determined by a UV–Vis spec
trophotometer (spectra max R plus 384) in the 200–800 nm range 
operated at a resolution of 1 nm. And the diffuse reflectance UV (DRS 
Uv) spectra of the solid calcinned sample was recorded using Sinco 

Neosys 2000 UV (Korea) in DRS mode. The powder X-ray diffraction 
(PXRD) pattern of the synthesized particle ZnO NPs was screened using 
the Rigaku Miniflex diffractometer (TX, USA) by scanning between 10�

and 70� (2θ) with Cu Kα radiation (λ ¼ 1.54 Å) in steps of 0.02� step. 
FTIR spectra of the samples were recorded using a Bruker spectrum FTIR 
spectrophotometer in the scanning range of 4000–400 cm� 1 wave 
number with up to 40 cycle. The shape, morphology, and elemental 
composition of the synthesized ZnO NPs were assessed using Field 
Emission Scanning electron microscopy (FE-SEM, FEI Quanta200) 
coupled with energy dispersive spectroscopy (EDX). To confirm the 
morphological features and size particle size of the ZnO NP’s were 
observed using a Hitachi tunnelling electron microscope (Hitachi-800 
TEM). The NP dispersion was placed over a copper grid and analyzed. 
The diameters of the nanoparticle were measured using the external 
image visualization software, Image-J (National Institutes of Health, 
USA). An X-ray photoelectron spectrum for the synthesized nano
particles was carried to determine the surface purity and oxidation state 

Fig. 3. FE-SEM and TEM microscopical images of synthesized zinc nanoparticles (a) particles at 1 μm scale (b) results of particle size measurement (with scale bars) 
(c) particles at 200 nm scale (d) FE-SEM-EDX spectrum of synthesized zinc nanoparticles (e) TEM image of synthesized zinc nanoparticles. 
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of ZnO NPs synthesized using a PHI 5000 VersaProbe III (2017) 
photoelectron spectrometer equipped with Al Kα X-ray as source. 

2.7. Congo red agar (CRA) test 

The biofilm production of strains (MCC) was evaluated by the Congo 
red agar method (CRA), as reported by Freeman et al. (1989). All strains 
were cultivated on BHIA and 0.08% (w/v) congo red supplemented with 
5% (w/v) glucose (Fitzpatrick et al., 2005). Following sterilization, the 
aqueous congo red was added when the agar was cooled to 55 �C. Plates 
were inoculated in a spot and incubated aerobically for 24 h at 35 �C, 
followed by storage at room temperature for 48 h. A positive result was 
indicated by black colonies with a dry crystalline consistency (Cotter 
et al., 2009). Six strains were inoculated per plate, and each experiment 
was performed at least three times. 

2.8. Anti-biofilm activity 

In order to evaluate the efficacy of ZnO NPs in interrupting bio-film 
formation, MTP assay, as portrayed by Christensen et al. (1985), was 

carried out. Individual wells of 96 well microplate were filled with 
180 μL BHIB, followed by inoculation with 10 μL of overnight patho
genic bacteria cultures (Biofilm producer), such as Bacillus cereus (MCC 
2039) and Enterococcus faecalis (MCC 2041), followed by 10 μL of ZnO 
NPs from the prepared stock solution of 10, 20, 30, 40, and 50 μg/mL, 
respectively, along with control, and incubated for 24 h at 37 �C. After 
the incubation contents were removed from the wells, they were washed 
with 0.2 mL of normal saline to remove free-floating bacteria. The 
adhered sessile bacteria was fixed with sodium acetate (2%) and stained 
with crystal violet (0.1% w/v). The excessive stain was removed by 
deionised water washing and dried. Finally, the dried plates were 
washed with 150 μL of 95% ethanol, and optical density was recorded 
using a UV–Vis spectrophotometer (SpectramaxR Plus 384) at 595 nm. 

2.9. Antibacterial activity 

The media used in this assay was Muller Hinton Agar and Tryptic 
soybean broth (TSB). The media was prepared according to the manu
facturer’s direction. A 24 h Muller Hinton Broth culture of tested bac
teria was grown in a shaking incubator, washed twice with phosphate 
buffer solution, and then standardized to approximately 106 CFU/mL 
using broth medium. The antibacterial capability of synthesized ZnO 
NPs on the selected pathogens of clinical importance was determined by 
the agar well diffusion assay (Wahab et al., 2010). For the antibacterial 
activities wells made in the plate were filled with Muller Hinton Agar 
(MHA) seeded with 24 h of each clinical isolate of various MCC Strains. 
The concentrations ranging from 30, 60, 90, and 120 μg/μL of ZnO NPs 
were placed in respective well, along with the control. The plates were 
then incubated at 37 �C for 24 h. The diameters of the inhibition zones 
were measured and tabulated. 

3. Results and discussions 

3.1. UV–vis spectroscopy 

Fig. 1 depicts the trends in bacterial growth analysis in relation to 
optical density (O.D) at particular time intervals. The graph indicates 
better growth and viability of P.putida in culture broth. Fig. 2 shows the 
UV–Visible spectra of the ZnO nanoparticles developed by the bacterium 
(P.putida). The surface Plasmon resonance (SPR) was observed at 
360 nm for calcinned sample by UV -DRS that proves the formation of 

Fig. 4. XRD pattern of synthesized calcinned ZnO NPs.  

Fig. 5. FTIR spectra of (a) culture media and (b) biogenic ZnO NPs after calcinations.  
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ZnO Nps. The corresponding band gap was calculated using the formula 
Eg ¼ 1240/ʎ and it was found to be 4.00eV. This serves as evidence for 
the successful formation of ZnO NPs. These results are in good agree
ment with the earlier report on the synthesis of ZnO NPs using micro
organisms (Jayaseelan et al., 2012). The mechanism behind the 
extracellular synthesis of nanoparticles using microbes is yet to be fully 
understood. However, it is capable of producing some enzymes, like 
nitrate reductase secreted by microbes help in the bio reduction of metal 
ions to metal nanoparticle. 

3.2. FE-SEM - EDX and TEM 

Fig. 3(a–d) shows the FE-SEM images with EDX spectrum of ZnO 
nanoparticles. From the FE-SEM image, it could be observed clusters of 
spherical agglomerated observed in nano-sized with particle diameter in 
the range of 25–45 nm. The EDX micrograph presented in Fig. 3(b) 
showed the purity of the ZnO compound. Results of EDX showed for the 
presence of other elements such as O, Na, Al, S, Ca, and S. According to 
the EDX report, the weight percentage and atomicity of Zn and O were 

Fig. 6. XPS spectrum of ZnO NPs (a) full scan survey (b) deconvoluted single component BE peaks of Zn (c) O1s BE peak (d) C1s BE peak.  

Fig. 7. Bio-film production on Congo red method A) red colonies, non bio-film producer: B) bio-film producer appeared black color.  
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found to be 45.09% and 15.1%, respectively which is higher in per
centage when compared to other element, the peak for other major el
ements such as Na, Cl and Ca may arises from the broth media used and 
presence of Al is due aluminium stub of FE-SEM. Results of TEM analysis 
was presented in Fig. 3(d) which shows the particles were in spherical 
morphology with average diameter of 44.5 nm with reference to the 
analysis carried out using image-J. These results support the size and 
morphology obtained with FE-SEM. 

3.3. XRD 

Fig. 4 shows typical X-ray diffraction patterns of the developed ZnO 
NPs, with brags diffraction peaks were observed at 2θ ¼ 32.0, 
34.12,36.52,47.67,58.12,63,12 and 68.89 were indexed to (100), (002), 
(101), (102), (103) and (201) planes of ZnO exhibiting a crystalline 
wurtzite structure (JCPDS file: 89–1397) of ZnO with little shifting. 
These results confirm the phase purity of the obtained ZnO Nps. Further 
the average Dp (size)of the obtained ZnO Nps calculated using Scher
rer’s formula Dp ¼ 0.9λ/β Cos θ, where λ is the wavelength of X rays 
used (1.54 Å), β is the full width at half maximum (FWHM), and θ is the 
angle of diffraction obtained from the observed most intense peak of the 
sample. The found average size of the synthesized ZnO NP was found to 
be around 50 nm which similar with the particle size observed using FE- 
SEM and TEM. 

3.4. FT-IR 

Fig. 5(a) shows the FT-IR spectrum of the culture media before 
adding zinc nitrate. A broad peak observed at around 3400 cm� 1 was 
attributed to the carbonyl and OH alcohol and phenolic carboxylic 
further a shoulder peak near 3400 cm� 1 was due to –NH functionality of 
amino acids present in the culture media and a peak at 1720 cm� 1 was 
attributed to C––O group of esters or carboxylic acid. The –CH bending 
vibrations of aldehyde or ketonic functionality were observed near 
1460 cm� 1. Likewise the peak at around 1100- 1200 cm� 1 was assigned 
to C–O–C vibration of and the other peaks that are expected to appear in 
the finger print regions were absent due to overcrowding of functional 
groups. 

ZnO NPs (Fig. 5(b)), a broad peak observed from 3200 to 3500 cm� 1 

was attributed to the OH stretching vibration of the physically adsorbed 
water or phenolic OH amino acid such tyrosine or phenylalanine that 
remain after calcination that are arises from the extracellular protein 
from micro organism or from the media used. A peak at around 
1024 cm� 1 was due to carboxylic acid (-COO), while peaks at 1636 and 
1384 cm� 1 are assigned to the asymmetric and symmetric stretching of 
Zinc carboxylate that are remains after calcination OH peaks are due to 
the surface adsorbed water. Transmittance bands at 460 and 505 cm� 1 

are due to pure ZnO NPs further the peak at 460 cm� 1 represents the 
hexagonal mode (E2) of ZnO NP, which is little shifted from of 435 cm� 1 

of its original position because of the organic remains from the bacterial 
extracellular materials and form the nutrients in the culture media that 

Fig. 8. In-vitro anti bio-film activity of ZnO NPs against (a) E. faecalis,(b) B. cereus, and Dose depended UV–Vis spectrum for bio film inhibition by ZnO NPs against 
(c) E.faecalis (d) B.cereus (H1) blank solution (B) Control (absence of ZnO NPs), (C1) 10 μg ZnO NPs, (D1) 20 μg ZnO NPs, (E1) 30 μg ZnO NPs(F1) 40 μg ZnO NPs, 
(G1) 50 μg of ZnO NPs. 
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are present over the ZnO NPs (Xiong et al., 2006). 

3.5. XPS analysis 

To confirm the surface purity and oxidation degree of the synthesized 
ZnO NP’s XPS analysis was carried out. The outcome of the experiments 
depicted in Fig. 6. In that Fig. 6(a) portrayed the full survey scan of 
biogenic ZnO. In that, the peak for Zn 2p 1/2, Zn2p 3/2, O1S and C 1S 
were clearly appeared at the bonding energies of 1044.49(eV), 1021.52 
(eV), 530(eV) and 284.83 (eV) respectively. The obtained the results 
suggest that the remains of partially oxidized organic molecule that were 
absorbed over the surface of ZnO NPs during the calcinations process. 
Fig. 6(b) shows the deconvoluted single component BE peaks of ZnO 
NPs, that shows the clear shifting of Zn 2p1/2 and Zn 2P3/2 BE of ZnO Nps 
from its original position with reference to the Auger parameter (AP) 
given in NIST XPS data base this may be due the absorbed carbonaceous 
matter with reference to the appearance of C1S BE (Fig. 6(d)) peak for 
the partial oxidized matters (Wagner et al., 2003). This was further 
supported by the appearance of O1S (Fig. 6(c))secondary shoulder BE 
peak for oxygen at BE 531.43 (eV) this evidences the presence of 

absorbed oxygen or partially oxidized carbonaceous matter C1S BE 
(Fig. 6(d)) at 284.83 (BE) that arises from the culture media or from the 
bacterial culture (Wagner et al., 2003; Rauwel et al., 2011; Steffy et al., 
2018). The presence of such things along with the final ZnO NPs were 
further supported from the appearance of vibrational bands for (-COO) 
in FTIR spectra as discussed earlier. 

3.6. Screening of biofilm producing strains by CRA test 

The CRA test results indicate the biofilm producer (Fig. 7) among five 
clinical pathogens. All bacteria were inoculated onto CRA plates by the 
spot dot method, which produces a more uniform color, making them 
easier to identify the biofilm producer. The major colors were black or 
brown, indicating the biofilm producer, and red or dark red for the non – 
biofilm producers. Finally, Enterococcus faecalis and Bacillus cereus were 
identified as bio-film producers and selected for MTP assay (Barbara 
et al., 2009). 

Fig. 9. Images for the antibacterial activity of P.putida synthesized ZnO nanoparticles against various clinical pathogens by agar well diffusion method.  
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3.7. Anti-biofilm activity (MTP assay) 

ZnO-NPs possess an extreme level of action to destruct biofilm of 
selected pathogenic bacteria. The biofilm inhibition potency of micro
bial synthesized ZnO NPs against tested biofilm, producing bacteria such 
as Enterococcus faecalis shown in Fig. (8 a and c) and for Bacillus cereus 
(Fig. 8 b and d). The biofilm activity was high, even with the lowest 
quantity of ZnO NPs (10 μg/mL). Our results show ZnO NPs have a high 
degree of biofilm destruction against both gram-negative bacteria and 
gram-positive bacteria which is similar with that of previously demon
strated ZnO nanoparticles that inhibited the P. aeruginosa growth by 
ceasing the exo-polysaccharide synthesis and inhibiting biofilm forma
tion (Christensen et al., 1985; Kalishwaralal et al., 2010; Ishwarya et al., 
2018). This results proved that the synthesized ZnO-NPs nanoparticles 
can effectively and rapidly detach biofilm, which implies the application 
of nanoparticles as biofilm disrupting agents (Kalishwaralal et al., 2010; 
Ishwarya et al., 2018). The bio mechanism of anti biofilm activity 
exhibited by the biogenic synthesized ZnO NPs may due to the extra
cellular ROS production induced by the ZnO Nps that causes the 
destruction bio film exo-polysaccharides produced by microbes as 
explained previously (Ishwarya et al., 2018). 

3.8. Antibacterial assay 

The antibacterial stability and efficiency of the P.putida mediated 
ZnO NPs was tested against five clinical isolates such as Bacillus cereus 
(MCC 2039), Pseudomonas otitidis (MCC 2509), Pseudomonas oleovorans 
(MCC 2566), Acinetobacter baumannii (MCC 2366), and Enterococcus 
faecalis (MCC 2041). The bacterial inhibitory concentrations of ZnO NPs 
were 30, 60, 90, and 120 μg/μL, respectively. Fig. 9 and Fig. 10 show 
that microbial synthesized ZnO NPs significantly inhibited the growth of 
the clinical pathogens and the inhibition range of NPs treated with 
Acinetobacter baumannii (13–24 mm), Pseudomonas otitidis (14–23 mm), 
Pseudomonas oleovorans (10–18 mm), Enterococcus faecalis (14–26 mm), 
and Bacillus cereus (14–27 mm), respectively. Based on this above 
observed antimicrobial activity test, it is proven that the ZnO NPs have 
good and strong antimicrobial activity. In general Gram-positive bac
teria have a multilayer of peptidoglycan polymer and a thicker cell wall 
(20–80 nm), and have teichoic acid and lipoteichoic acid in their 
structure that acts as a chelating agent and transport the zinc ion from 
ZnO NP into cell (Hood and Skaar, 2012; Kumar et al., 2011). 

Gram-negative bacteria cell wall is composed of a plasma membrane and 
thin layer of peptidoglycan layer (7–8 nm) and porins in the outer layer 
that facilitates passive diffusion of ZnO nanoparticles inside of the cell 
(Barapatre et al., 2016; Saravanakumar et al., 2015; Ganesh et al., 
2019). Microbial developed ZnO nanoparticles were small enough in 
size that could efficiently pass through the peptidoglycan layer, and 
were highly susceptible to damage. When chelated Znþ from zinc Oxide 
nanoparticles leads to loss of phospho-lipid bilayer integrity and release 
of intracellular components leads to cell death. Zn ion can interact with 
sulphhydryl group of enzymes and inhibit the enzymes like alkaline 
phosphatise, polymerases, carboxy peptidase. Zinc ions bind strongly 
with Cystein, Histidine, Aspartate side chains of proteins in nanomolar 
concentration (Chulhun and Herbert, 1995). During the bacterial cell 
wall destruction process, pathogenic organisms lose their osmotic 
pressure (ionic strength), and the cell functions, such as growth, meta
bolic activity, and replication, etc, were inhibited. ZnO NPs of smaller 
size can easily penetrate into bacterial membranes due to their large 
interfacial area, thus enhancing their antibacterial efficiency. NPs size 
was a crucial factor in achieving the best bactericidal and fungicidal 
response, and ZnO NPs with a smaller size showed the highest anti
bacterial activity (Barapatre et al., 2016; Saravanakumar et al., 2015; 
Ganesh et al., 2019; Zhang et al., 2007; Yamamoto, 2001; Sawai et al., 
1996; Narendhran and Sivaraj, 2016). 

4. Conclusions 

In our study, the microbial synthesis of Zinc oxide nanoparticles 
using Pseudomonas putida (MCC 2989) has been reported. Nanoscience 
directs great attention toward the development of nanomaterials with 
more potent bioactivities. The method reported herein is a green and 
microbes-mediated low-cost approach that is capable of developing Zinc 
nitrate to Zinc oxide NPs at room temperature. This synthesized ZnO NPs 
was hexagonal in shape and crystalline in nature with an average size of 
44.5 nm, as evidenced by XRD and FE-SEM with EDX analysis. As evi
denced by FTIR, this indicates high activity of the nanoparticles to the 
relatively high levels of polysaccharide. From the results of antibiofilm 
assay, the synthesized zinc Oxide nanoparticles exhibited a high degree 
of biofilm detachment property in the different concentrations tested. 
The synthesized nanoparticles showed good antibacterial activity, 
which has inhibited the growth of Gram-negative and Gram-positive 
bacteria. In conclusion, this study found a possible means for devel
oping zinc oxide nanoparticles conjugated antibiotics (adjuvant for an
tibiotics) that may enhance and boost up the activity of commercially 
available antibiotics in the future. 
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