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Abstract

In the current study, various endophytic bacterial isolates from Piper nigrum were explored for its nanoparticle synthesizing property. Very 
interestingly, one of the isolate which is a strain of Bordetella sp. was found to have the ability to form silver nanoparticles at room temperature within 
24 h by extracellular method. This was confirmed by the presence of a peak at 460 nm in the UV- Vis spectrum and such a result is the indication of 
surface  plasmon resonance of silver nanoparticles. Further characterization of nanoparticles was carried out by Scanning electron microscopy (SEM) 
analysis. This confirmed the presence of silver nanoparticles with size less than 100 nm. The antibacterial potential of silver nanoparticles synthesized 
was also tested against pathogens like Salmonella paratyphi, Vibrio cholerae and Staphylococcus aureus. So the current study is the demonstration of 
an efficient synthesis of silver nanoparticles by Bordetella sp. and their potential as nanomedicine to manage pathogenic bacteria.
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1. Introduction

    Size dependent properties exhibited by the nano-
particles make them to have attractive medical and 
technological applications. Nanoparticles differ signi-
ficantly from the bulk materials in its physical, chemical 
and biological properties due to their large fraction of 
surface atoms, large surface energy and spatial confine-
ment. In addition to its advantages as nontoxic, and 
environmentally benign synthetic procedures, biological 
methods of nanoparticle synthesis provides particles with 
good control over the size distribution [1,2]. Various 
groups of microorganisms like bacteria, actinomycetes, 
yeast and fungi are exploited for their potential to form 
metal nanoparticles.  These nanoparticles especially silver 
nanoparticles (AgNPs) are well known for their potent 
biological properties [3-5]. So it is of great importance 
to explore novel microbial sources for its potential to 
synthesize AgNPs. Although endophytic microbes are 
greatly investigated for their bioactive principles, their 
use as mediators for AgNPs is very limited.
    Biosynthesis of AgNPs by Pseudomonas stutzeri AG 
259 was the first report on bacterial synthesis of AgNPs 

[6,7]. Metal nanoparticles synthesized by microorganisms 
as a result of reduction of metal to its element form can 
get accumulated intracellularly or extracellularly [8-12]. 
The cell wall of microorganisms plays a major role in 
intracellular nanoparticle synthesis. After the interaction, 
enzymes present in the cell wall bioreduce the metal ions 
to nanoparticles[13]. But extracellular method for the 
synthesis of metal nanoparticles by particular microbial 
source involve metal reduction by cell wall reductive 
enzymes or soluble secreted enzymes especially nitrate 
reductase [10,14]. Out of these two possible methods, 
extracellular production of metal nanoparticles is of 
greater commercial applications due to the advantages in 
its purification [1]. Various groups of bacteria are reported 
for their ability to form AgNPs extracellularly [15,16]. 
Members of  Enterobacteriaceae like K. pneumoniae, 
E. coli and E. cloacae are known to form AgNPs with 
a size range of 28.2 nm to 122 nm by extracellular 
reduction of  Ag (+) to Ag(0) [17]. Bacillus megaterium 
was also known to have the ability to synthesize AgNPs 
by extracellular methods within few minutes [18]. Since 
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the extracellular microbial synthesis of AgNPs is much 
attractive, studies on these properties from endophytic 
bacterial isolate is very important. 

    As the silver in nanometric scale has received 
significant use as antimicrobials, screening its effect on 
various pathogens can have many applications. Effect 
of AgNPs on viability of Bacillus subtilis, Enterococcus 
faecalis, Escherichia coli, Salmonella typhimurium and 
Candida albicans indicate its promising uses [19]. In 
addition to this, extracellularly synthesized AgNPs by 
Bacillis megaterium were found effective against multi 
drug resistant organisms including S. pneumoniae and 
S. typhi [18]. The activity of AgNPs against methicillin-
resistant Staphylococcus aureus, methicillin-resistant 
Staphylococcus epidermidis and Streptococcus pyogenes 
are also reported [20]. All these support the importance 
of screening diverse microorganisms for their ability to 
synthesize AgNPs which can have much antimicrobial 
potential.

    In our preliminary search for endophytic bacteria from 
Piper nigrum, we have identified seven isolates based 
on 16SrDNA sequence analysis (unpublished data). In 
the current study, all the identified endophytic bacterial 
isolates were screened for its ability to form AgNPs. 
Very interestingly, one of the isolate which belong to 
Bordetella sp. was found to form AgNPs by the reduction 
of metal ions. The formation of AgNPs was monitored by 
visual inspection and also by measuring the UV-Visible 
spectra. This was further confirmed by scanning electron 
microscopy analysis. The biosynthesized AgNPs were 
further used to study its antimicrobial effect on Salmonella 
paratyphi, Vibrio cholerae and Staphylococcus aureus. 
The result of which confirms the importance of screening 
endophytic bacterial communities for it nanoparticle 
synthesizing properties and the application of synthesized 
AgNPs.

2. Materials and Methods
    The endophytic bacterial isolates from Piper nigrum 
obtained in our previous study were used for the synthesis 
of AgNPs. Out of the seven endophytic bacterial isolates 
(PnB1-PnB7) used, PnB4 was found to have the ability 
to form AgNPs and this isolate was confirmed as strain 
coming under Bordetella sp. by by 16S rDNA sequencing 
analysis.

2.1. Synthesis of silver nanoparticles

    The selected isolates were inoculated separately into 
100 mL of nutrient broth and were incubated for 24 h at 
200 rpm in a rotating shaker at room temperature. The 
biomass and supernatant separated from the culture were 
used for the intracellular and extracellular synthesis of 
AgNPs respectively. For this, the biomass and supernatant 
were collected by centrifugation for 10 min at 10000 
rpm. For supernatant assisted production of AgNPs, one 
ml of bacterial supernatant was mixed with 99 mL of 
filter sterilized 1mM AgNO3. But for biomass assisted 

synthesis, bacterial wet biomasses were mixed with 
aqueous solution of 1 mM AgNO3 in a range of 100 mL 
of 1 mM AgNO3 for 2 g of biomass. All the mixtures 
were incubated, for 72 h at room temperature in light and 
dark conditions, on a rotating shaker at 200 rpm. As the 
experimental control, heat killed samples like biomass 
and supernatant with silver nitrate and silver nitrate 
solution alone were also maintained. The formation of 
AgNPs was visually observed by checking the colour 
change. This was further monitored by analyzing the 
optical characteristics of synthesized of AgNPs using UV-
visible spectrophotometer (Hitachi U5100) at a range of 
200-800 nm with control as reference. 

2.2. Characterization of AgNPs
    AgNPs produced by the selected isolate were air-dried 
and analyzed using  scanning electron microscopy. SEM 
analysis of the synthesized nanoparticles was conducted 
by mounting the dried samples on specimen stubs with 
double adhesive tape and coated with platinum in a 
sputter coater. This was then observed under JEOL 6390 
SEM JSM at 10 KV. 

2.3. Antibacterial activity analysis of  AgNPs

    The antibacterial potential of the synthesized AgNPs 
was analysed by agar well diffusion assay method using 
Mullor Hinton Agar (MHA) plates [18,19]. The test 
organisms used for the study were Salmonella paratyphi, 
Vibrio cholerae, and Staphylococcus aureus. They were 
cultured in Muller Hinton broth for 24 h at 37oC and from 
this a confluent lawn of bacterial culture was made on 
MHA agar plates by swabbing. Then wells were made on 
these plates using a gel puncture and approximately 40 µL 
of the synthesized AgNPs solution was added into each 
well. As a control 40 µL of 1 mM AgNO3 solution was 
added in to the well on MHA agar plate. All the plates 
were incubated at 37oC for 24 h and the diameter of zone 
of inhibition was measured.

3. Results and Discussion
    Although endophytic bacteria were greatly studied for 
its bioactive compounds and also for its use as biocontrol 
agent, its studies on nanoparticle synthesis is very limited. 
Among the seven bacterial isolates (PnB1 to PnB7) used 
for the study, culture supernatant of Bordetella sp. (PnB4) 
was found to have the potential to form AgNPs. This 
was indicated by the colour change of the supernatant 
when incubated with 1 mM AgNO3 (Fig. 1). This 
colour change which is due to the excitation of surface 
plasmon resonance of AgNPs is a well known proof of 
AgNPs formation [18,21]. The absence of significant 
colour change for the biomass assisted reactions either 
in the presence or absence of light and also considering 
the advantages with the extracellularly generated 
nanoparticles, further studies were conducted based on 
the AgNPs synthesized by the culture supernatant. Also 
this confirmed that the reduction of the Ag+ occurs only 
under visible-light irradiation. The impact of visible 
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light irradiation on the biosynthesis of AgNPs is already 
reported [22,23]. The absence of colour change in the 
heat killed control of the isolates used for the study under 
the same experimental condition confirmed the colour 
change as indication of AgNPs formation. The similar 
observations were previously reported for the AgNPs 
formation by cultures of Bacillus sp. where the colour 
change was confirmed as occurred due to reduction of 
aqueous silver ions to AgNPs [10,24].

    The production of AgNPs was further monitored 
by UV-Vis spectral analysis, as part of its preliminary 
characterization [25].The UV-visible spectra of AgNPs 
formed by Bordetella sp. (PnB4) after 24 hours showed 
a strong peak at 460 nm (Fig. 2). Such an absorption 
spectrum of AgNPs is due to its surface plasmon 
excitation as a result of the collective excitation of 
conduction electron in metal. Peak formation at this 
range is previously known with the AgNPs synthesized 
by Neurospora crassa and Bacillus licheniformis [26,10]. 
The lower wavelength absorbance in UV-Vis spectrum 
is due to the protein involved in the synthesis and 

Fig. 1 Visual observation of the biosynthesis of AgNPs by Bordetella 
sp. selected for the study along with control after 24 h of incubation. 
(a): bacterial supernatant with 1mM AgNO3 solution (color change from 
pale yellow to brown), (b): heat killed supernatant with AgNO3 solution 
(no color change).

Fig. 2 The UV-Vis spectrum of AgNPs synthesized by the supernatant 
of Bordetella sp. The absorption spectrum of AgNPs exhibited a strong 
broad peak at 460 nm.

Fig. 3 SEM image of AgNPs synthesized by Bordetella sp. with 1 mM 
AgNO3 solution

Fig. 4  Antimicrobial activity of AgNPs synthesized by Bordetella sp. against (a) Staphylococcus aureus (b) Salmonella paratyphi (c) 
Vibrio cholerae. Each plate shows (A) AgNPs synthesized by Bordetella sp. (C) 1 mM AgNO3 control
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stabilization of AgNPs [24]. 

    For further confirmation of AgNPs, the samples were 
resuspended in deionized water and were used for SEM 
analysis. The SEM micrograph of purified nanoparticles 
showed the presence of more or less spherical AgNPs 
with size ranging from 63-90 nm (Fig. 3). The size ranges 
of AgNPs produced by Bordetella sp. fall closer to the 
size of silver reported for other bacteria [8,27].

    For screening the antibacterial activity of AgNPs 
synthesized by the endophytic Bordetella sp., both gram 
positive (Staphylococcus aureus) and gram negative 
(Salmonella paratyphi and Vibrio cholerae) bacteria 
were used as test organisms.  The biosynthesized AgNPs 
at the volume of 40 µL/well showed antibacterial act-
ivity against all tested bacterial strains (Fig.4). For 
Salmonella paratyphi it showed zone of inhibition with 
a diameter of 14 mm, for Vibrio cholerae it was 13 mm 
and for the Staphylococcus aureus it was 14 mm (Table 
1). Comparative analysis of zone of inhibition by the 
synthesized AgNPs with the control, the antimicrobial 
activity of synthesized silver nanoparticles can be 
confirmed. AgNPs were previously known to have  
antibacterial activity against Staphylococcus aureus [18] 
and Vibrio cholerae [28] and this further confirm the 
observed results. The small size and large surface area 
to volume ratio of the AgNPs may favor its bactericidal 
activity [29].

4. Conclusion

    The variation in physico-chemical properties of the 
nanoparticles synthesized through diverse microbial 
sources can affect its applications. This indicates the 
importance of exploration of novel untapped bacterial 
sources for the identification of potential strains with 
nanoparticles synthesizing property. Endophytes by 
occupying the unique habitat, is greatly unexplored in 
terms of its nanoparticle synthesizing properties. Among 
the seven endophytic bacterial isolates screened for its 
ability to synthesize AgNPs, one of them which belong 
to the genera Bordetella was found to have promising 
applications as indicated by the formation of AgNPs. The 
nanoparticles formed by the isolate were also found to 
have remarkable inhibition against pathogens. 

Sl.No. Pathogenic bacteria Zone of inhibition by synthesized AgNPs (diameter)
  1.   Staphylococcus aureus 14 mm
  2.   Salmonella paratyphi 14 mm
  3.   Vibrio cholerae 13 mm

Table 1  Diameter of zone of inhibition against pathogenic gram positive and gram negative bacteria by synthesized AgNPs

support for the SEM analysis of samples and also to DBT-RGYI and 
DST-PURSE programme for the instrumentation facility.
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