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ABSTRACT

In this study, zinc oxide nanoparticles (ZnO NPs) were synthesized and characterized by marine endo-
phytic actinomycete Streptomyces coeruleorubidus (S. coeruleorubidus). In result, the 380 nm spectrum
of the synthesized peak was confirmed as ZnO NPs. Uniform sized nanoparticles that particle size was
distributed in the range from 6 nm to 195 nm. The exact ZnO NPs morphology was clearly shown by
transmission electron microscope analysis. In addition, the single crystalline or poly crystalline or amor-
phous nature of the ZnO NPs was clearly indicated by the result of SAED. The XRD diffraction and EDX
values were more high and confirmed as ZnO NPs. Further, the antibiofilm properties of the biosynthe-
sized ZnO NPs was exhibited 32 mm zone of inhibition against biofilm producing K. pneumoniae at
1000 pg/mL concentration. The 98% of biofilm eradication in K. pneumoniae was observed after treatment
with ZnO NPs at 24 h. Furthermore, the survival fitness of the biofilm cells were degraded very high rate
at 1000 pg/mL concentration of ZnO NPs. Altogether, the present result was proved that the biosynthe-
sized ZnO NPs was very effective against biofilm forming K. pneumoniae at very low concentration, and it
is an alternative drug candidate molecule in future drug discovery process.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Klebsiella pneumoniae (K. pneumoniae) is an important non-
motile, lactose fermenting gram negative bacteria, which produce
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more virulence factors, that has the ability to develop more resis-
tant behaviour to current antibiotics (Wenjian et al., 2022). They
exhibit pathogenicity owing to their complex cell wall components
and adhesion nature responsible for invading host immune mech-
anisms (John V. Ashrust and Adam Dawson). Some of the bacteria
including K. pneumoniae have the innate capacity to produce bio-
films. Biofilms are formed when the growing populations of micro-
bial cells get embedded onto extracellular polymeric substances.
They prevent physiological stresses such as temperature, light
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and environmental stress to inhibit the growth of bacterium to a
larger extent. They are considered as one of the survival mecha-
nisms to most bacterium. Mushin et al., (2018) elucidated the rela-
tionship between biofilm formation and associated severity of
bacterial infections. Malaikozhundan et al., (2017a) elucidated
the biopesticidal activity of bacterial coated nanoparticles for
affecting the digestive activity of the pest. One of the most strongly
believed hypothesis is that biofilms act as a barrier for antibiotics
to enter into the cells, thereby increasing the virulence of the
bacterium.

Recent years, synthesis of nanoparticle through chemical and
physical methods is consuming the energy in high level and also
need toxic substances to synthesis of nanomaterial. In addition, it
is affected the environment and also they are not an eco-friendly
process. Instead, the biosynthesized nanomaterial having more
advantages than other chemical and physical methods due to the
natural environment. Usually, plants, see weeds, algae, fungi, bac-
teria and marine crustaceans are frequently used to synthesis of
nanoparticles in high level. Recent years, most of the researchers
are working in the biosynthesized nanomaterial for biomedical
application, because of the successive rate (Maruthupandy et al.,
2018). Importantly, the synthesis method is easier and more con-
venient than other methods (Maruthupandy et al., 2020a). Based
on the free toxic, less time, eco-friendly nature, large scale produc-
tion, capping agents of phyto chemicals, hormones and other min-
erals of the biological mediated nanoparticle synthesis is the
excellent choice for biomedical application. Recently, biofilm erad-
ication properties of zinc oxide nanoparticles were reported by
Malaikozhundan et al.,, 2020. The result of biofilm eradication
property in human amniotic membrane ZnO NPs was indicated
that the bacteria were killed by dose dependent manner. Espe-
cially, marine environment has unusal and unpredicted nature.
Plenty of nutrients are uncalculated and it has enormous activities.
It has the ability to produce unpredicted secondary metabolites,
and it has supreme biological properties against various infections.
The synthesis of nanoparticles using marine environment is most
advantages than other environment. Because, the pH, temperature,
salinity and other nutritional factors are improve the efficiency of
nanoparticles in its biological properties. Hence, the present study
was concentrated on anti-biofilm properties of ZnO NPs using S.
coeruleorubidus for inhibition of biofilm forming bacteria.

2. Materials and methods
2.1. Growing of marine endophytic actinomycetes

Isolated and characterized strain of marine S. coeruleorubidus,
Accession number: KY457708) was available as a slant culture. A
single colony was selected and it was dissolved in distilled water.
Quadrant plating method was followed in which 0.1 mL of culture
was spread in a quadrant fashion on starch casein nitrate agar plate
(Rajivgandhi et al., 2016). Single colony was isolated to start the
fresh culture of endophytic marine actinomycetes in starch casein
nitrate broth. It was allowed to grow sufficiently at 37 °C shaker
incubator.

2.2. Biosynthesis of ZnO NPs

After extraction of actinomycete extract, the 50 mL of 0.1 M zinc
sulphate was taken in 0.4 M sodium hydroxide was added. The
metal oxide nanoparticles was allowed to form at 40 °C when
the mixture was incubated for 15 min as explained in Govindan
et al., (2022). The nanoparticles thus formed gradually pellet down
forming white sediment. The reaction mixture was allowed to cool
down and the supernatant was carefully decanted. The pellet was
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further suspended down by centrifugation at 3000 rpm for 10 min.
It was then washed twice in deionized water to remove further
impurities. The final precipitate was taken in a watch glass and
was allowed to dry in hot air over set at 40 °C for 8 h. Powdery
white zinc oxide nanoparticles formed were stored until it was uti-
lized in sterile containers for characterization and bioactivity
evaluation.

2.3. Characterization of ZnO NPs

2.3.1. UV-Visible spectrum

The ZnO NPs was resuspended in deionized water and Ultra-
violet spectrum of the dispersed nanoparticles was read from
300 to 500 nm using Shimadzu UV-Visible spectrophotometer
with path length of 1 cm.

2.3.2. Particle size analyser (PSA)

Particle size analyzer determines the size distribution of sus-
pended nanoparticles and helps to derive the mean particle size
based on intensity of particles reflecting light. If the particles are
not of uniform dimension, it would result in a broad graph and if
the particles are of similar dimensions, it would result in sharp
peak. Based on the distribution, particle size distribution and pur-
ity can be ascertained.

2.3.3. Transmission electron microscopy (TEM)

Transmission electron microscopes have a greater magnifica-
tion capability due to their electron beaming and capturing princi-
ples. Thus at such high magnifications, shape, structure,
crystallinity and uniformity can be evaluated.

2.3.4. Selected area electron diffraction (SAD)

SAED pattern is an important tool in nanomaterial sciences to
confirm the texture and crystallinity of synthesized nanoparticles.
It forms a characterization tool to understand the diffraction pat-
tern of selected area and thus can be tweaked to unearth valuable
information from the given nanoparticles.

2.3.5. X-Ray diffraction (XRD)

XRD is a non-destructive testing and characterization tool used
widely in physical sciences and nanomaterials to understand the
crystallinity and chemical composition.

2.3.6. Energy dispersive X-ray spectroscopy (EDXA/EDAX)

EDAX is a confirmatory tool used for understanding the elemen-
tal composition of subject under study. EDA Spectrum can be used
for the confirmation of synthesized nanoparticles based on its ele-
mental composition; hence it is a powerful tool in the study.

2.4. Biomedical application

2.4.1. Anti-biofilm activity of K. Pneumoniae

The anti-bacterial ability of the ZnO NPs was performed against
selected K. pneumoniae was initially confirmed by agar well diffu-
sion experiment. In this method, the concentration of 100, 200,
250 pg/mL of ZnO NPs was applied into the wells of bacterial cul-
ture swabbed on nutrient agar surface of the wells respectively.
After, the plate was put into the incubator at 37 °C for 24 h time
interval. After required time, the plate was monitored whether
the zone was formed by ZnO NPs or not (Palanisamy et al., 2014).

2.4.2. Minimum biofilm inhibition concentration using ZnO NPs
Aliquot 100 mL of fresh nutrient broth into the 96-well plate

and added 48 h bacterial culture into the wells. Next, diluted con-

centration of 100-1000 pg/mL of ZnO NPs was treated into the all
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wells except first control wells. Then it was allowed to treatment
process at 37 °C for 1 day time duration. After 1 day time, the tur-
bidity based result was initially observed by naked eye in all the
wells and noted the wells with turbidity range properly. Then, con-
secutively monitored the UV-range of O.D value by spectropho-
tometer at 600 nm. Based on the O.D values, the lowest
concentration of ZnO NPs with highest inhibition of biofilm form-
ing K. pneumoniae was monitored and confirmed the minimum
biofilm inhibition concentration (Rajivgandhi et al., 2019a, 2019b).

2.4.3. Biofilm survival assay

The XTT assay was used to detect the live/dead variation
between the control and treated wells after treatment with ZnO
NPs using Uv-spectrometer at 640 nm. Briefly, the culture plus
ZnO NPs of 100-1000 pig/mL was taken together into 96-well plate.
The plate was permitted to run the treatment process till 48 h time
duration at room atmospheric nature. Then, the XTT solution was
inoculated into the treated wells of the plate after 48 h. Allowed
1 h for done the reaction, and added 50 pg/mL concentration of
menadione acetate solution into the reaction mixture and then
incubated at room atmosphere for 1 h. After 1 h, the precipitate

20X IMATE VOLUMES
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of the treated result was seen in naked eye of ZnO NPs treated
wells (Maruthupandy et al., 2018).

3. Results and discussion
3.1. Growing of marine Streptomyces coeruleorubidus

For synthesis of ZnO NPs, the well grown S. coeruleorubidus
(Fig. 1) was used as a substrate. Also, fermentation of Streptomyces
coeruleorubidus in starch casein broth was used to synthesis of ZnO
NPs (Fig. 1b). Fig. 1c and Fig. 1d represent the solvent phase and
aqueous phase respectively. Then, the aqueous phase of the Strep-
tomyces coeruleorubidus extract was used to synthesize the Zno
NPs.

3.2. Characterization of ZnO nanoparticles

3.2.1. UV - Visible spectroscopy (UV-Vis)

UV-Visible spectrum of dispersed ZnO NPs in distilled water
was evaluated for the confirmation of nanoparticles synthesis
using distilled water as blank. The spectrum showed peak
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Fig. 1. Culture of Streptomyces coeruleorubidus strain (a), fermentation of actinomycetes in starch casein agar (b), solvent phase (c) and aqueous phase (d) of Streptomyces

coeruleorubidus strain for synthesis of ZnO NPs (c).



G. Chackaravarthi, N.S. Alharbi, B. Mythili Gnanamangai et al.

Journal of King Saud University — Science 35 (2023) 102642

(a) 1.639 16

o P
33 =
Optical Density

ot

08

0.6
e e eeee e e e =3 e
GNs‘OWQHS‘OMQN \oeocug\o%c
(oI B B I G I T T T . . . . VL LV -

‘Wavelength in nm

(b=

12
10

Number of particles

ON B OO ®

55 105 155 205 255

Size of nanoparticle (nm)

Fig. 2. UV-Vis spectroscopy (a) and PSA (b) analysis of the Streptomyces coeruleorubidus mediated ZnO NPs.

absorbance values at 380 nm, confirming the presence of ZnO NPs
(Fig. 2a).

3.2.2. Particle size analysis

The synthesized ZnO NPs are of various sizes as observed in
Fig. 2b. The particle size distribution ranged from 6 nm to
195 nm. It was observed that about 75% of nanoparticles are within
the size range of 125 nm - 165 nm and about 50% of nanoparticles
are of the range 135-155 nm. This is considered fairly uniform dis-
tribution considering microbial synthesis. Ambika & Sundrarajan,
2015 synthesized ZnO NPs and found its size distribution in the
range of 10-120 nm and the results corroborate with the current
study.

3.2.3. Transmission electron microscopy

The magnified image of ZnO nanoparticles at various magnifica-
tions such as 0.5 um and 100 nm are shown in Fig. 3a. From the
images, it became evident that the nanoparticles exist as a poly-
crystalline structure. It can be inferred from the TEM image that
the synthesized ZnO nanoparticles does not exist as amorphous
powder. Some of the ZnO nanoparticles are of cuboid shaped,
and few existed as triangular planes. The measurement of
nanoparticles size by TEM estimated particles of about 80 nm,
which was within the range observed in PSA study. TEM image
of ZnO nanoparticles by Streptomyces plicatus was evaluated by
Kalaba et al., 2021. The particles appeared polyhedral with mean
size of 21 nm. Since the formation of nanoparticles is time, reagent
and organism dependent, the size, shape and morphology of two
different syntheses from two different studies cannot be compared
to derive a meaningful opinion. This study however was found to
result in fairly uniform sized and shaped ZnO nanoparticles as
observed from TEM image at two different levels of magnification.

3.2.4. Selected area electron diffraction

SAED pattern depicts diffraction spots of TEM image, when a
desired area is selected for viewing and quantifying crystalline
parameters. SAED confirms if the particle under study is single
crystalline or poly crystalline or amorphous. Fig. 3b shows the
SAED pattern image of synthesized ZnO nanoparticles. Concentric
ring pattern along with bright spots were observed in the image.
This further strengthens the crystalline nature of synthesized
particles.

From the image the inter-planar distance was calculated using
the formula given below

Distancebetweentwobrightspots(D) = 2 x Radiusofthecircle

Interplanarspacing(d) = 2/D

Inter-planar spacing (d) between two lattices for the synthe-
sized ZnO nanoparticles was found to be 0.34 nm and 0.46 nm.

Compared to the previous study (Govindan et al., 2022) where
the inter-planar spacing values were found to be 0.32 and 0.15 A
for one strain and 0.29 and 0.34 A for another strain, these values
are significantly different. Since the particle size synthesized ear-
lier was much bigger than the current study, such substantiation
could not be endorsed. Crystallinity was confirmed with inter pla-
nar spacing of 0.26 nm, which could be considered similar to the
above stated observation.

3.2.5. X-Ray diffraction spectroscopy

XRD pattern graph as shown in Fig. 4 indicates that the synthe-
sized ZnO nanoparticles are highly crystalline in nature as evident
from the presence of large peaks. Also the presences of lesser num-
ber of peaks with minimal background noise indicate consistency
in the structure of ZnO nanoparticles. The result was validated that
the XRD profile is highly crystalline and devoid of impurities, Also
it was interpreted with previous report of Rajivgandhi et al. (2018).

3.2.6. Electron dispersive X-ray analysis (EDAX)

EDAX profile of synthesized ZnO nanoparticles is given in Fig. 5.
It signifies the presence of prominent peaks corresponding to zinc,
copper and oxygen molecules. In case of Nagarajan and Arumugam
Kuppusamy (2013), where ZnO nanoparticles were synthesized
using seaweed, they observed the presence of zinc and oxygen
molecules with fewer unidentified peaks. We could see the pres-
ence of copper molecules as impurities. This could be due to the
source of organism and could not be found elsewhere.

3.3. Biomedical confirmation

3.3.1. Agar well diffusion method of ZnO NPs

In agar well diffusion experiment, the result was exhibited with
12 mm zone of inhibition at 250 pg/mL concentration. Whereas,
the 500 pg/mL concentration and 1,000 pg/mL concentration of
the ZnO NPs was shown 20 mm and 32 mm zone of inhibition. It
was conveyed the result that the ZnO NPs has efficient anti-
bacterial activity against biofilm producing K. pneumoniae
(Fig. 64, b). In this result was indicated that the ZnO NPs was effec-
tively inhibited the bacteria at increasing concentration with low-
est concentration. When compared with previous result, the ZnO
NPs has excellent anti-bacterial activity against K. pneumoniae.
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Fig. 3. TEM (a) and SAED profile (b) analysis of the Streptomyces coeruleorubidus mediated ZnO NPs at two different magnifications.

3.3.2. Minimum biofilm inhibition concentration

One could see the resulted 96-well plate, the more turbidity
was shown around 900 and 1000 pg/mL concentration. The bacte-
rial activity was not present in these wells except 100 pg/mL and
300 pg/mL treated wells. They may conveyed that the ZnO NPs
was arrested the bacterial growth, but not their virulence factors
(Maruthupandy et al., 2018). As same as, the turbidity level was
also decreased initially and highest turbidity level was shown at
1,000 pg/mL concentration. The result of various concentrations
of ZnO NPs against K. pneumoniae was available in Fig. 7a. The O.
D values of 1,000 pg/mL concentration were exhibited with 98%
cell death with virulence factor affect. It compared with previous
results, it was very effective anti-biofilm agent. Among the 0.D
value results, the minimum biofilm inhibition was confirmed at

1,000 pg/ mL concentration. It was fixed for further morphological
damages and other invitro experiments.

3.3.3. Survival fittest range of ZnO NPs

As per the confirmation of minimum biofilm inhibition concen-
tration result, the biofilm survival assay result was also confirmed
that the ZnO NPs has the efficient anti-biofilm activity against K.
pneumoniae. The biofilm survival results were shown very effective
against tested K. pneumoniae and the bacteria K. pneumoniae was
compromised. In addition, the virulence factor eradication was also
confirmed in survival assay. In result, there was no any survival of
the bacterial colonies were observed. The death cells were higher
compared with untreated cells (Fig. 7b). The O.D value of the result
was more favoured to ZnO NPs and exhibited 98% death cells at
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Fig. 7. Liquid medium based biofilm inhibition assay (a) and Survival inhibition assay of Streptomyces coeruleorubidus mediated ZNO NPs against K. pneumoniae.

1,000 pg/mL concentration. Initially, 19% inhibition was observed
against 10 pg/mL concentration of ZnO NPs.

4. Conclusion

Based on the observed result, the ZnO NPs was successfully syn-
thesized and confirmed by spectroscopic results and morphologi-
cal observation. Further the anti-biofilm effect and biofilm
survival inhibition results of ZnO NPs were more efficient against
biofilm forming K. pneumonia at 1000 pg/mL concentration. Thus
ZnO NPs can reduce the virulence and can affect the pathogenicity
in most dreadful microorganisms namely K. pneumoniae. Studies
on in-depth investigation, evaluation of its toxicity and biocompat-
ibility experiments can be further explored to confirm this ZnO NPs
as more viable anti-biofilm agent in future.
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