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ABSTRACT

Objectives: In this study, bioengineered AgNPs (silver nanoparticles) from
Spirulina platensis was used to counter the biofilm mediated virulence by
Vibrio parahemolyticus. Methods: AgNPs were synthesized from crude
Spirulina platensis extract and characterized using UV spectrophotometry,
Transmission electron microscope (TEM). Antibacterial effect against
aquatic pathogen Vibrio parahemolyticus was carried out. Further, the
nanoparticle at sub MIC (minimum inhibitory concentration) level were
screened for anti-virulence property under in vitro studies which include
biofilm inhibition using microtiter plate assay, microscopic analysis under
light microscope and SEM (Scanning electron microscope) imaging, EPS
(Exopolysaccharide) inhibition, CSH(Cell surface hydrophobicity) inhibition
using BATH(Bacterial adhesion to hydrocarbons) assay, swarming and
swimming motility inhibition, growth pattern analysis followed by in vivo
study in aquatic animal model brine shrimp and its survival percentage
along with light microscopic imaging was performed. Results: AgNPs, at
320ug/ml showed bactericidal activity, minimal inhibitory concentration
was found to be 160 pg/ml. All anti-virulence assay performed at below
sub MIC concentration. Biofilm and EPS showed 63% and 53% inhibition

INTRODUCTION

Nanotechnology has been a promising approach in the field of
research and its wide application in multidisciplinary field has led to
its popularity.! The particularly antimicrobial property of the silver
nanoparticle had its enormous application in medicine, animal
husbandry, packaging, cosmetics.? Most of the research focuses on the
inhibitory effect of silver nanoparticles Against different pathogens
such as Escherichia coli, Vibrio cholera, Pseudomonas aeruginosa and
Staphylococcus aureus.® But indeed, there is a big gap in the study of the
antagonistic effect of the silver nanoparticle on the virulence factors
of pathogenic micro-organisms. Nanoparticles can be synthesized by
several methods, there is always a need to follow a green path that safely
resonates the synthesis of nanoparticles through micro-organisms, algae
and plants, which is considered a safe method for the environment,
profitable, clean and efficient. Among micro-organism cyanobacteria
which possess an sustainable resource for various bioactive metabolic
products and possess a high therapeutical application,” one such is
Spirulina platensis which is well known for several pharmacological
activities such as antimicrobial, anticancer, metalloprotective as well as
immunostimulant and antioxidant. Since natural products like phenols,
PUFA, Pyocyanin and other micro and macro nutrients are highly
enriched in Spirulina, it showed antimicrobial activity against several
pathogen.® Therefore, in the study Ag nanoparticle bioengineered from
Spirulina platensis was used.

Vibrio parahemolyticus is one of the common food borne pathogen
primarily associated with seafood that is widely distributed in the

respectively, CSH was found to be decreased 3-fold. Growth pattern at
sub MIC compared with non-treated showed similar result. /n vivo study
increased survival percentage (90%) when treated with AgNPs, compared
to untreated (20%). A 7-fold increased resistance to pathogen was found
and light microscope also confirms the efficacy of Ag nanoparticle.
Conclusion: AgNPs become a substitute to the current commercial
antibiotics used in aquaculture against Vibriosis, by functioning as an
efficient quorum sensing inhibitor.
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marine estuarine environment and acts as a multivirulent pathogenic
host for humans as well as aquatic animals.” Recent reports point out
that aquatic pathogens are becoming increasingly resistant to most
existing antibiotics, mainly due to the inadequate disposal of antibiotics,
disinfectants and derivatives by industries and the overuse of antibiotics
had led to the evolution and emergence of antibiotic resistant strains
specifically in an aqueous environment. Due to the ineffectiveness
of current chemotherapies, an alternative approach was therefore Ag
nanoparticle, A cost effective drug that showed a broad antibacterial
spectrum against most aquatic pathogen.® Several studies have reported
the antimicrobial properties of silver nanoparticles, but only Some
research has been reported on the drug’s efficacy against the virulence
traits of the pathogen, which is very essential for controlling the pathogen
in the aquatic environment and also contributes to a safer use of
nanoparticle as a drug. Hence current study focuses on Ag nanoparticle
efficacy in controlling the virulence cascade in pathogenic vibrio.

MATERIALS AND METHODS

Spirulina biomass production and extraction
preparation

Spirulina platensis was grown in Zarrouck Media under laboratory
condition at 28°C, pH 9, with 16/8 light/dark period for 12 days. After
which the culture was harvested and washed thrice with distilled
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water, followed by shade drying for 4 days and ground to fine powder
and Soxhlet extracted with methanol which was further concentrated to
get a crude residue. The dried extract was dissolved in DMSO and used
for silver nanoparticle synthesis.

Synthesis of Ag nanoparticles

In present study Ag nanoparticle was synthesized according to Kannan
et al.’ 2 ml of spirulina extract was added to ImM of 100 ml of silver
nitrate solution in 250 ml Erlenmeyer flask. The change in the color of
the solution to brown color indicate the nanoparticle synthesis and the
solution also monitored in UV spectrophotometer. The solution was
then centrifuged at 15000 rpm for 20 min supernatant was discarded
and bottom pellet was repeatedly rinsed with sterile distilled water to
remove impurities and are stored.

Characterization of Ag nanoparticle

Ag nanoparticle were characterized using various instrumentation
analyses. The formation of Ag nanoparticle was analyzed in Shimadzu
scanning spectrophotometer in a range of 200 to 800 nm wavelength
for a Plasmon resonance peak. The morphological analysis was done
using High resolution Transmission Electron Microscope (HRTEM)
M (JEOL JEM-1400 Orius SC600A camera with digital micrograph) at
an accelerating voltage of 120 kV. The grid was scanned and the crystal
structure of the g/ml was determined using the selected area electron
diffraction (SAED) pattern. Crystal structure further confirmed using
Scanning Transmission Electron Microscope (STEM).

Bacterial strain and growth condition

Vibrio parahemolyticus, an aquatic bacterial pathogen was used. The
strain was grown in Luria Bertani broth supplemented with 2 % NaCl at
30°C. For experiments OD of 0.4 at 600 nm were used.

Antimicrobial, Minimal inhibitory concentration (MIC),
Minimal bactericidal concentration (MBC)

Antimicrobial activity was performed in Luria Bertani Agar were the
diluted bacterial cell were swabbed onto plate and wells were made, Ag
nanoparticle suspension was added and incubated for 24 hr for clear
zone of inhibition.

MIC and MBC determined according to Humphries et al.’® Ag
nanoparticle Stock solution of 500ug/ml was prepared and serially
diluted in microtiter plate and bacterial cells of 106 CFU/ml were added
with 30ul of resazurin and incubated for 24 hr. Blue color indicates the
no bacterial growth and pink / colorless indicate bacterial growth,
further each diluted sample in microtiter plate were plated on Muller
Hinton Agar plate and incubated for 24 hr to determine the MBC.

Effect of Ag nanoparticle on biofilm formation

Microtiter plate assay

Quantification of biofilm performed according to Packiavathy et al!
The 96 well plate with Ag nanoparticle at different concentration was
added to Vibrio parahemolyticus strain along with control without Ag
nanoparticle and then the plates were incubated for 24 hr and the media
was discarded and rinsed with sterile distilled water followed by staining
with 0.4% crystal violet, excess stain was rinsed, air dried and the stained
cells were solubilized in 20% glacial acetic acid. Absorbance measured at
570nm. Percentage biofilm inhibition calculated using formula

Percentage of inhibition = [(Control OD - Test OD)/Control OD] x 100
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Microscopic analysis

Luria Bertani broth with 2% NaCl was added to 6 well microtiter plate
and glass cover slip along with Vibrio parahemolyticus strain and Ag
nanoparticles were added and incubated for 24 hr. For light microscope
analysis the glass coverslip was stained with 0.4% crystal violet and
excess stain was rinsed with sterile distilled water and observed under
light microscope at 40 x magnification according to Sarkar et al.'>and
for SEM analysis the coverslip was completely air dried for 2 hr and
observed under scanning electron microscope.

Effect of Ag nanoparticle on exopolysaccharide

Eps secretion by Vibrio parahemolyticus was estimated according to
Gowrishankar et al.” in which Vibrio parahemolyticus inoculated in
Luria Bertani broth with 2 % NaCl in 6 well microtiter plate was added
along with cover slip and incubated for 24 hr, the coverslip was gently
removed and rinsed in 0.9% NaCl, the suspended cell in NaCl were
added with equal amount of 5% phenol and 5 volumes of con h2so04 and
incubated in dark for 1 hr was further centrifuged at 10000 rpm 10 min
and od taken at 490 nm.

Effect of Ag nanoparticle on cell surface hydrophobicity

Bacterial adhesion to hydrocarbon (BATH) assay was performed
based on Courtney et al."* Ag nanoparticle treated and non-treated V.
parahemolyticus strain was added with equal volume of toluene and
vortexed for 2 min and kept undisturbed for 10 min at room temperature
and O.D of aqueous phase was taken at 600nm.The percentage of
hydrophobicity calculated using Hydrophobicity (%) = [1 (Final OD
after vortexing/Initial OD before vortexing)] x 100.

Effect of Ag nanoparticle on motility

Swimming motility was performed according to Whitaker et al.'® Luria
Bertani broth with 2% NaCl of 0.3% Agar with Ag nanoparticle and
control without Ag nanoparticle and the pathogen was gently stabbed
into medium and incubated at 30°C for 24 hr. Swarming motility
in which Luria broth with 2% NaCl of 0.5% Agar was added and the
pathogen was spot inoculated in the surface of medium and incubated
for 60 hr at 30°C.

Growth pattern analysis

In order to confirm the test sample Ag nanoparticle at concentration
is non-bactericidal, growth analysis was done with the 1% Vibrio
parahemolyticus, added to Luria Bertani broth with 2% NaCl
supplemented with Ag nanoparticle at concentration 80ug/ml and
absorbance was recorded for every 1-hr interval for 24 hr. The assay was
performed in triplicate along with controls.

In vivo efficacy study in aquatic animal model Brine
shrimp

Brine shrimp cysts were hydrated in 1-liter seawater with salinity of
35 ppt at a maximum aeration. After 24 hr the hatched larvae were
transferred to fresh sea water and feeded with soyabean powder.'® After
which 5 days old larvae were used to conduct the experiment followed
according to Brackman et al.'” Experiments were divided into four
groups, groupl-Artemia treated with Ag nanoparticle along with Vibrio
parahemolyicus, group 2- Artemia with Vibrio parahemolyticus as positive
control, group 3- Artemia with Ag nanoparticle without pathogen to
check its toxicity and group 4-Artemia with only larvae, as a control.
Survival percentage was calculated till 48 hr according to Packiavathy et
al."® using the following formula

Survival percentage =
x100)].

[(number of mortality/numbers of survival)
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Statistical analysis

All the experiments were performed in triplicates and the values were
given as mean * standard deviation (SD) using Microsoft Excel 2010
(Microsoft, USA)

RESULTS
Characterization of Ag nanoparticle

Ag nanoparticle synthesized was initially confirmed using the color
change from yellow to brown, where the silver nitrate solution is
reduced to silver nanoparticle which was further confirmed using UV
visible spectroscopy, a plasmon resonance peak was observed at 420 nm
(Figure 1) Further morphology of Ag nanoparticle was studied using
HRTEM for further confirmation of Ag nanoparticles size and shape,
the obtained silver nanoparticles found spherical in shape and these
nanoparticles were formed as clear dispersals with few Agglomerated
and micrograph which showed the presence of interplanar spacing
lattice fringes The average size of green synthesized Ag nanoparticle
was found to be 13nm (Figure 2). The selected area electron diffraction
(SAED) in which the clear specific rings were spotted and it was assigned
to the presence of Ag 111, 220 and 222 planes of the face-centered cubic
structured (FCC) Ag nanoparticles obtained reveal the good crystalline
nature of nanoparticle and it was confirmed that, these are green route
mediated synthesis of AgNPs. STEM image also additionally confirms
the Ag nanoparticle (Figure 3).

Bactericidal and MIC, MBC concentration

Antimicrobial activity of synthesized nanoparticle against Vibrio
parahemolyticus showed a bactericidal activity at 320 pg/ml
concentration and MIC was found to be 160ug/ml (Figure 4). Thus,
in order to perform anti-virulence assay sub MIC concentrations and
below sub MIC concentrations were used which does not interfere in
bacterial growth.

EPS and CSH Virulence inhibition

Exopolysaccharide is secreted by bacteria which form a gel like matrix
which help in biofilm formation in host, an important criterion in
invading the host. On treatment with Ag nanoparticle at low sub MIC
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Figure 1: (A) visible color change indicating the synthesis of Ag nanoparticles.
(B) UV-Vis analysis of the synthesized nanoparticles showing a peak at 420nm
indicating the formation of nanoparticles.
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concentration at (40,60,80) pg it showed a noticeable inhibition up
to 53 % at 80ug (Figure 5). Cell surface hydrophobicity, which is key
phenomenon in initial attachment to host was also decreased up to
3-fold at 80 pg/ml (Figure 6).

Biofilm inhibition

Biofilm is a key unique architecture formed by bacteria which involve
several quorum sensing signals in construction and provide role
in resistance to several drugs and antibiotics. In current study Ag
nanoparticle at sub MIC concentration 80pg/ml showed a maximum of
63% inhibition (Figure 7). Microscopic analysis was performed using
light and scanning electron microscope to study the alteration in biofilm
matrix results show that thick biofilm formation in control compared to

treated were the disintegrated and dispersed microcolonies are visible

. : S PV a0
Figure 2: HR-TEM analysis of Ag nanoparticles demonstrating spherical in
shape at different magnifications (a)(b)100nm (c) 10nm (d) average size
ranging from 12-13nm.
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Figure 3:(a) Dark fieldimaging of the Ag nanoparticles at 100nm magnification
(b) SAED analyze the Electron diffraction pattern of ag nanoparticles showing

respective crystal planes representing of FCC structure and (c, d) STEM images
of the nanoparticles show the crystal structure of Ag nanoparticles.
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which confirm the disruptive nature of Ag nanoparticle shown in
(Figure 8).

Motility inhibition

Motility also play a role in biofilm formation, it is very much essential for
pathogen to vast spread in host surface, current study Ag nanoparticle
showed a inhibition against swimming and swarming motility at 80ug /
ml (Figure 9).

Analysis of growth pattern

Growth pattern was studied at sub MIC and compared with control,
which confirm that sub MIC concentration do not interfere in growth
pattern shown in (Figure 10).

In vivo efficacy study, survival rate

Brine shrimp, aquatic model was treated with sub MIC 80ug/ml and
survival rate on challenge with Vibrio parahemolyticus shows that 7-fold
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Ag nanoparticle at different concentration pg/ml
Figure 4: Antimicrobial activity of ag nanoparticles synthesized from Spirulina
platensis showing clear zones of inhibition against the pathogenic shrimp
Vibrio parahemolyticus and graph represents its Inhibitory effect at different
concentration. All the experiments were performed in triplicates and the
values were given as mean + standard deviation (n=3).
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Figure 5: Percentage EPS inhibition of Vibrio parahemolyticus at different
concentration of Ag nanoparticle. All the experiments were performed in
triplicates and the values were given as mean + standard deviation (n=3).
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increase in survival (Figure 11). Microscopic observation under 45x
magnification shows the Brine shrimp untreated with Ag nanoparticle
were easily infected became fragile and entire organism got collapsed
whereas the Ag nanoparticle treated showed a drastic difference and
resistance to pathogen from being infected (Figure 12).
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Figure 6: Percentage cell surface hydrophobicity of Vibrio parahemolyticus
at different concentration of ag nanoparticle. All the experiments were
performed in triplicates and the values were given as mean + standard
deviation (n=3).
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Figure 7: Percentage biofilm inhibition of Vibrio parahemolyticus at different
concentration of Ag nanoparticle. All the experiments were performed in
triplicates and the values were given as mean + standard deviation (n=3).

Control Treated

Figure 8: Microscopic visualization of biofilm formation and disintegration
of Vibrio parahemolyticus on treatment with ag nanoparticle under (A). Light
microscope and (B) scanning electron microscope.
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Figure 9: Inhibitory effect of ag nanoparticle on swimming and swarming
Motility of Vibrio parahemolyicus.
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Figure 10: Comparative Growth curve analysis of Vibrio parahemolyicus on
treatment with ag nanoparticle and control.

DISCUSSION

Biofilm formation and antibiotic resistance are the major challenge
and pose a serious threat in the pharmaceutical industry."” Besides
the clinical pathogen, another major environment strongly affected is
aquaculture, over-usage and antibiotic deposition lead to resistance,
especially biofilm-assisted pathogens act as a great risk to aquatic
animals, as these biofilms function as a reservoir of pathogens that
cause several complications for aquatic animals life. Identifying an
alternative and effective method to control virulence and biofilm is
therefore a big problem. Therefore, the present study empathizes with
Ag nanoparticles that attenuate the virulence of Vibrio parahemolyticus,
one of the dreadful pathogens in aquatic animals and human. The results
are similar to those of silver nanoparticles inhibiting the biofilm and
virulence in methicillin-resistant Staphylococcus aureus.® And also few
reports with other nanoparticles like ZnO involved in quorum detection
virulence and biofilm reduction were studied.” Quorum sensing induces
the virulence of the pathogen through biofilm formation and it is also
known that EPS, CSH and motility help in biofilm formation.*In fact,
EPS is an essential phenomenon in biofilm formation, the current study
also confirms the scenario in which Ag nanoparticles treated with Vibrio
parahemolyicus showed a notable decrease in biofilm formation by 63%,
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Figure 11: Effect of ag nanoparticle on survival rate of brine shrimp Artemia
infected with Vibrio parahemolyticus.
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Figure 12: Light microscopic analysis of brine shrimp on treatment with Ag
nanoparticle and control on infection with Vibrio parahemolyticus.

the EPS of 53% and a 3-fold decrease in CSH followed by reduction in
motility, which is similar to the results of Synetochoccus extract inhibiting
biofilm-mediated virulence in the Vibrio harveyi and vibrio vulnificus.?
Thus, in vitro studies confirm the effectiveness of Ag nanoparticles in
inhibiting the virulence cascade in Vibrio parahemolyticus, which
thereby in vivo studies were performed on aquatic model brine shrimp
were challenged with Vibrio parahemolyticus and the survival rate of
Ag nanoparticle treated brine shrimp has increased drastically, 7-fold
increased survival rate was observed which clearly authenticate its
efficiency as an virulence factor inhibitor and protect the brine shrimp
from infection thus exhibiting an proficient use as anti-infective drug in
aquatic animals.

CONCLUSION

Ag nanoparticle can be a potent quorum sensing inhibitor by controlling
the biofilm mediated virulent traits in Vibrio parahemolyticus which
could possibly combat the Vibriosis in aquatic environment and a great
alternative to control antibiotic resistant strain in aquatic environment.
However, their exact mechanism is unknown still yet to be investigated.
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ABBREVIATIONS

MIC: Minimum Inhibitory Concentration; SEM: Scanning
Electron Microscope; EPS: Exopolysaccharide; CSH: Cell Surface
Hydrophobicity; BATH: Bacterial Adhesion to Hydrocarbons; Ag:
Silver; mM: Milli Molar; RPM: Rotation per minute; HRTEM: High
Resolution Transmission Electron Microscope; SAED: Selected
Area Electron Diffraction; STEM: Scanning Transmission Electron
Microscope; MBC: Minimum Bactericidal Concentration; CFU: Colony
Forming Unit; OD: Optical Density.
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