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Objective: In this investigation, we demonstrated a simple one step method for metal mediated
bacterial nanoparticles. Experimental approach: The aqueous solution of silver ions was treated
with extracellular filtrate of E. coli and Proteus mirabilis biomass for the synthesis of nanoparticles.
The gradual colour change from pale yellow to deep brown is a clear indication for the nanoparticle
synthesis. The periodic checking of increase in pH range (alkaline pH) and optical density also
determined showed the complete formulation of the structural data of nanoparticles. In vitro
antibacterial and pathogenicity inhibition were determined. Findings and Discussion: This color
change showed effective in E. coli. Among the bacteria tested, E. coli seen to be effective in the
production of silver nanoparticles by reaching a pH of 9.6 after 28hours of incubation. The
antimicrobial activity by well cutting method showed maximum inhibition of bacterial pathogen
including E. coli, Staphylococcus aureus, Klebsiella pneumoniae and Proteus vulgaris, P. mirabilis,
Acinetobacter baumanii species, whereas less inhibition was observed in Pseudomonas aeruginosa,
Salmonella typhi and Vibrio cholerae species. In the case of pathogenicity inhibition study, the
interaction of the produced nanoparticles with preconfirmed catalase and coagulase producing
Staphylococcus aureus showed certain range of inhibition at the concentration of 1.5%.
Capsulation of Klebsiella pneumoniae and swarming nature of Proteus also controlled. Conclusion:
This showed that the synthesized nanoparticles may have potential action to lose the virulence of
the test bacterial pathogen. Further investigation required to analyze whether the nanoparticles
have the efficiency to reduce the virulence completely by in vivo methods. This analysis may
provide the roadmap for the vaccine synthesis for various infections.
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1. INTRODUCTION
The widespread use and sometimes misuse of
antibiotics play a vital role in the emergence of more
resistant and virulent strains of microorganism. The
notification of rapid spread of multidrug resistant
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great concern worldwide." The outbreak observed even
in developed countries also due to the Saphylococcus
infection that resist to various antibiotics leads to
human septic shock.2 In most of the times, even the
third generation antibiotics also get falure leads to
search or synthesize the novel aternatives.®

As adternative, silver has long been recognized as
having inhibitory effect on microbes present in medical
or industrial process. The most common application of
the silver and silver nanoparticles is in medical
industry such as topical ointments to prevent infection
against burn and open wounds.* The synthesis of
nanoparticles are unique subset in the field of
nanotechnology; thereby it is defined as “any type of
particles with atleast one dimension of less than 500
nanometers — probably between 1 to 100nm”.>®
Nanoparticles are often crystaline and end up being
referred as

characterization of nanoparticles is being an important

nanocrystals, the synthesis and
area of novel drug discovery. The selection of size and
shape of nanoparticles provide an efficient control over
man of the physica and chemical properties and their
potent application in medicine. A new research area
“biomimetics” is now getting familiar where the
biological systems including yeast, fungi, bacteria and
plants are used for the synthesis of nanostructures of
biocompatible metals.’

Nanoparticles of slver have thus been studied as a
medium for antibiotic delivery, newer antimicrobial
agents and synthesizing composites for constructing
disinfecting filters and coating materials®® In recent
years, nanoparticles of silver have been found to
exhibit interesting antibacterial activities.™
Biologically synthesized silver nanoparticles could
have many applications including spectrally selective
coatings for electrica batteries,™ optical receptors,*
catalysts in chemical reactions, biolabelling® and

antimicrobial  properties™ There is tremendous
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excitement in the study of nanoscale matter with

respect to their fundamental properties, organization to
form superstructures and applications. It certainly does
appear that there is plenty of room at the bottom in this
fascinating area. With these literature reviews, we
designed the objectives to synthesize bacterial induced
silver nanoparticles, preliminary characterization, in
vitro antimicrobia activity and pathogenicity inhibition
assay.

2. MATERIALSAND METHODS
The bacterial biomass including E. coli and Proteus
mirabilis were cultivated in double strength lactose and
glucose broth respectively. Mostly for biosynthesis of
any metabolites, the growth of bacteria is done in
lactose medium but here the inclusion of Proteus
mirabilis (lactose non metabolizer) required glucose as
substitute for lactose.®®
After acceptable incubation for turbidity formation, the
cells were broken using sonicator and the sonicated
broth was filtered using sterile 0.22um pore sized filter
papers. The metal solution (10°M) silver nitrate was
prepared and analyzed for meta reaction for 2 hoursin
dark condition a room temperature. The non color
change indicates there is no chemica reaction takes
place. Further this concentration may be used for
bacterial mediated nanoparticle synthesis.
From the bacterid filterate stock, 10ml of each was
dispensed in the sterile reagent flask or screw capped
bottles. On that 100ml of 10°M AgNos solution was
added, mixed well and finally 2ml of 0.1% lyzozyme
solution was & so added. This mixture was incubated at
room temperature for physical characterization from 0"
hour to 28 hours. In the subsequent intervals (0, 1, 2, 4,
8, 16, 24, 28 hours), color change, pH variations and
optical density value were recorded.

Further the concentrated nanoparticles were stored

incorporated  for  antimicrobia  activity and
pathogenicity inhibition assay. The in \vitro
1081
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antibacterial activity of concentrated nano compounds
were assessed using battery of bacterial pathogens
including Acinetobacter baumanii, Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa,
Proteus mirabilis, P. wulgaris, Salmonella typhi,
Saphylococcus aureus and Vibrio cholerae by well
cutting method. After incubation at 37°C for 24 hours,
the plates were observed for formation of zone of
inhibition around the wells. A solution based
methodology for determining the antimicrobia activity
was al'so standardized.™

For determining pathogenicity inhibition, well grown
bacteria colonies from agar stocks were inoculated
into the peptone broth. For 5ml of well grown
microscopically confirmed bacterial cultures, various
concentrations of KB method positive bacteria silver
nanoparticles were added and incubated at 37°C for 24
hours. The inhibition of the pathogenicity of
Saphylococcus aureus (catalase and coagulase),
Klebsiella pneumoniae (capsular polysaccharide) and
Proteus mirabilis (swarming nature in agar surface)
were determined by standard microbiologica
procedures. The pathogenicity inhibition was
determined for every 2 hours after incubation.

3. RESULTSAND DISCUSSION

It was found that agueous silver ions when exposed to
various bacterial cultures are reduced in solution,
thereby leading to the formation of silver nanoparticles.
The test biomass were pae yellow in color before
addition of silver ions and this changed to brownish to
black on the completion of reaction for 28 hours (Table
1). The broth and silver control were also maintained
for comparison. The appearance of brown color in
solution containing the biomass suggested the
formation of silver nanoparticles'® Compared to
Proteus mirabilis, the bacterial strain E. coli formed

brown color earlier within 8 hours, even after 24 hours
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also the brown coloration is not formed in the media

with P. mirabilis.

Table 1. Observation of color change in nanoparticle synthesis

S. Bacterial Observation of color change versustimein hours

No. cultures 0 1 2 4 8 16 24 28

1 E. coli + 4+ A e A
2 Proteus - - +  ++  H++ A+ A+
mirabilis

[- (no color change); + (Orange); ++ (Pale red); +++ (red threads); ++++ (dark red) and

+++++ (brown)]

It was observed that the pH of the two test bacteria
media showed increase in pH from dightly acidic to
alkaline. The pH of E. coli media was found effective
to reach a pH of 9.6 after 28 hours of incubation
whereas the pH of P. mirabilis increased very sowly
from 6.5 to 7.4 after 28 hours of incubation (Figure 1).
The controlled pH solution for nanoparticle synthesis
in laboratory condition enhances the effective newer
nanoparticles which can combat cancer and other

infectious diseases.*®
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Fig 1: Observation of increasein pH of test bacterial strains
The optical density of the calorimetric assay showed
initial value of 0.71 in the case of E. coli and gradually
increased upto 2.47 in 28 hours of hourly observation.
Comparatively, P. mirabilis increased upto 1.62 from
initial value of 0.83 (Table 2). Some studies stated that
the increase in the optical intensity and density showed
the formation of agglomeration of the particles. It is
also suggested that there is an observable proof that the
agglomeration of molecules increased the color and
density.**

Table 2: Comparativeness of changes in optical density in
nanoparticle synthesis
S. Bacterial Observation of optical density versustimein
No. cultures hours

0o 1 2 4 8 16 24 28

1 E. coli 0.710931.24 1.63 1.94 211 229 247
2 Proteus 083091099 1.12 119 132 149 162
mirabilis
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The stored nanoparticles were further analyzed for in
vitro antibacterial activity by Muller-Hinton agar —
well cutting method. The results showed maximum
inhibition of bacterial pathogens including E. coli,
Saphylococcus aureus, Klebsidla pneumoniae and
Proteus wulgaris, P. mirabilis, Acinetobacter baumanii
species, whereas intermediate inhibition was observed
in Pseudomonas aeruginosa and no inhibition found in
Salmonella typhi and Vibrio cholerae speciesin E. coli
mediated silver nanoparticles whereas P. mirabilis
mediated silver nanoparticles have less effect. Among
the concentrations included 1:30 showed very effective
antibacterial activity. The detailed antibacterial activity
againgt test bacterial species in various concentrations
of the bacterial nanoparticles was depicted in table 3.

Table 3: Comparing effect of bactericidal activity of bacterial
silver nanoparticles

Bacterial Effect of bacterial based silver  Effect of antibiotics
pathogens  nanoparticles (inhibition zone (inhibition zone
diameter in mm) diameter in mm)
E. cali P. mirabilis  Antibioticsin 10ug/
nanoparticles  nanoparticles disc
1:101:201:301:401:101:201:301:40 Cef Cip Cli DoxSulb
A. 11 14 19 19 4 6 6 6 11 10 4 10 19
baumanii
E. coli 8 11 18 20 5 8 9 12 13 21 5 12 14
K. 11 13 16 19 3 3 6 7 10 11 8 10 18
pneumoniae
P. mirabilis 10 11 14 17 2 2 5 6 14 13 4 11 21
P.wulgaris 12 15 19 20 2 2 5 6 12 10 4 11 20
P. 4 6 9 11 3 3 5 7 11 20 3 12 11
aeruginosa
S. typhi - - 2 2 - - - - 1911 - 8 7
Saueus 12 15 19 22 3 5 9 11 21 -

V.cholerae - - - 3 - - - 9 11 - 19 14
[mm - millimeter; Cef - Ceftriaxone; Cip - Ciprofloxacin; Cli - Clindamycin; Dox -

Doxycycline; Sulb - Sulbactam)
The pathogenicity inhibition of selected bacteria

pathogens were also included in this study, thereby at
the concentration of 1:30 itself Staphylococcus aureus
lost its catalase and coagulase nature in 8 hours of
observation. Klebsiella pneumoniae lost its capsulation
in 16 hours of interactions. The swarming nature of
Proteus also controlled at the concentration of 1:40 in
8 hours of interaction. The control cultures retain their
enzymes, capsules and swarming nature of colonies
even dfter 28 hours (Table 4). An interesting

observation is under microscopy, the motile Proteus sp
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became non moatile in 8 hours of exposure to E. coli
mediated silver nanoparticles. Due to less effect of P.
mirabilis mediated silver nanoparticles against
bacteria battery in determining the sendtivity by
plating, it was excluded for determining the
pathogenicity inhibition.

Table 4: Bacterial pathogenecity inhibitory effects of E. coli Ag NPs

Concentration  Bacteria & its
of E. coli Ag pathogenecity

Bacterial pathogenecity inhibitory
effects of E. coli Ag NPsin hours

NPs nature

0 1 2 4 8 16 24 28
St. cat - - - - - - - +
1:10 St. coa
Pr. swa
Kl. cap
St. cat
1:20 St. coa
Pr. swa
Kl. cap e
St. cat - - - -+
1:30 St. coa - - - -+
Pr. swa - - - - -
Kl. cap - - - - -
St. cat - - - -+
1:40 St. coa - - - -+
Pr. swa - - - -+

Kl. cap - + 4+

+ o+
+ +
R R

+ 4+ 4+ + 4
+ o+ 4+

[E. coli Ag NPs (Escherichia coli silver nar-10par;icles)-; St. cat (Staphylococcus
catalase);  St. coa (Staphylococcus coagulase); Pr. swa (Proteus swarming); Kl. cap
(Klebsiella capsule); - (no inhibition) and + (inhibited)]

In this study, the biological synthesis of bacterial
mediated silver nanoparticles was carried where the
reduction processes of silver ions by test bacteria were
found to be different. In most of the studies, it was
identified that silver nanoparticles were exclusively

%111 and also the time duration

formed extracellularly
take place to form gold nanoparticles after 1 day of
addition of chloroaurate ions, while the silver
nanoparticles were formed after 7 days.”” % In this
study the inclusion of silver only mainly due to the cost
effectiveness and user friendly nature. Compare with
other studies, we aso believe that the nanoparticles
were dabilized by the surface-active molecules
released into the solution by bacteria.

There is a saying rightly called “silver moiety with two
functions” — oneis inducing the organism to synthesize
nanoparticles at lower concentration, another is the
induction of cell death at higher concentration. The
synthesis of bacteria mediated silver nanoparticles

including E. coli with 1-100nm sized® and P. mirabilis
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with 10-20 nm sized® which had been reported to
synthesize silver nanoparticles are characterized but
not much reported about potent antimicrobials .
For current utilization, pharmaceutical and biomedical
sectors are facing the challenges of continuous increase
in the multidrug-resistant human pathogenic microbes.
Systemic patients were infected by the MDR pathogens
leading to the high infection rates. Thus this study
forward and induce more interest on nanotechnology
and framing the work to use nanoweapon against
clinical multidrug resistant pathogens. Our present
study is on silver nanoparticles mediated by E. coli and
P. mirabilis, and its efficacy against bacteria
pathogens act as a therapeutic agent to overcome of the
antibiotic resistance especialy in nosocomial infection
pathogens. The biosynthesized silver nanoparticles
using E. coli proved excellent antibacterial activity.
The antibacteria activity is well demonstrated with
agar well diffusion and pathogenecity inhibition. Later
silver nanoparticles are characterized with color
change, pH and optical density in controlled manner.
Thus, it is proven from this study that the Ag-NPs
mediated by E. coli seems to be promising and
effective antibacterial agent against the multidrug
resistant strains of bacteria
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