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1. Introduction

   In the recent past, paramount importance is given 
to research in the field of nanotechnology owing to its 
applications in various fields. This led to amalgamation of 
physical, chemical, biological and engineering sciences 
to develop innovative techniques in manoeuvring and 
manipulating the matter at the atomic level. The emphasis 

on the materials at the nano levels is attracting attention 
because of the more pronounced properties exhibited by 
them at small size. Certain phenomenon may be exhibited 
in a significant manner in the nanoscale rather than at the 
microlevel. One such important property is the increase in 
surface area to volume ratio which alters the mechanical, 
thermal and catalytic properties of the material. The 
increase in surface area to volume ratio leads to increasing 
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Objective: To synthesize the ecofriendly nanoparticles, which is viewed as an alternative to the 
chemical method which initiated the use of microbes like bacteria and fungi in their synthesis. 
Methods: The current study uses the endophytic bacterium Bacillus cereus isolated from 
the Garcinia xanthochymus to synthesize the silver nanoparticles (AgNPs). The AgNPs were 
synthesized by reduction of silver nitrate solution by the endophytic bacterium after incubation 
for 3-5 d at room temperature. The synthesis was initially observed by colour change from 
pale white to brown which was confirmed by UV-Vis spectroscopy. The AgNPs were further 
characterized using FTIR, SEM-EDX and TEM analyses. Results: The synthesized nanoparticles 
were found to be spherical with the size in the range of 20-40 nm which showed a slight 
aggregation. The energy-dispersive spectra of the nanoparticle dispersion confirmed the presence 
of elemental silver. The AgNPs were found to have antibacterial activity against a few pathogenic 
bacteria like Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Salmonella typhi 
and Klebsiella pneumoniae. Conclusions: The endophytic bacteria identified as Bacillus cereus 
was able to synthesize silver nanoparticles with potential antibacterial activity.
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dominance of the behavior of atoms on the surface of the 
particle over that of those in the interior of the particle, 
thus altering the properties. 
   There has been burgeoning importance of inorganic 
nanoparticles especially the silver and gold nanoparticles 
as they provide superior material properties with 
functional versatility. The inorganic nanoparticles are 
gaining importance as potential tools for medical imaging 
as well as for treating diseases due to their size features 
which has an edge over the existing chemical imaging 
drugs and agents. Inorganic nanomaterials have been 
widely used for cellular delivery due to their versatile 
features like wide availability, rich functionality, good 
biocompatibility and capability of targeted drug delivery 
and controlled release of drugs[1].
   Traditionally nanoparticles were produced only by 
physical and chemical methods. But these methods 
employ undesirable chemicals in the synthesis process, 
creat ing environmental  concerns which include 
contamination from precursor chemicals, use of toxic 
solvents and generation of hazardous by-products[2]. 
Some of these methods also have problems with the 
stability, controlled crystal growth and aggregation of the 
nanosize particles. Consequently, use of biological system 
like microbes for the synthesis of various nanoparticles 
has emerged as a novel research area.
   Various studies on the microbial synthesis of 
nanoparticles demonstrated the use of certain fungi and 
bacteria[3-8], in the successful synthesis of nanoparticles 
of varied shapes and sizes with potential antibacterial 
activity. One such clique of microbes are the endophytes 
whose potential in the biogenic synthesis of nanoparticles 
has not yet been studied completely. Bacon et al. defined 
endophytes as “microbes that colonize living internal 
tissues of plants without causing any immediate, overt 
negative effects”[9], whereas Strobel and colleagues 
suggested that the relationship can range from mutualistic 
to bordering on pathogenic[10]. The most frequently 
encountered endophytes are fungi and bacteria that co-
exist with each other[11]. Very few reports are available 
where in endophytic fungi were used for the synthesis of 
nanoparticles. One such study employed an endophytic 
fungus (Colletotrichum sp.) isolated from geranium leaves 
(Pelargonium graveolens) for the extra-cellular synthesis 
of gold nanoparticles[12]. Another study revealed the use 
of Aspergillus clavatus (AzS-275), an endophytic fungus 
isolated from sterilized stem tissues of Azadirachta indica 
and reported about the antibacterial effect of silver 
nanoparticles synthesised by it[13].
   To our knowledge, there has been no report on the use 
of endophytic bacteria in the synthesis of nanoparticles 
till date. An attempt has been made to isolate endophytic 
bacterium from medicinal plant and employ it in the 

synthesis of silver nanoparticles. The synthesized 
nanoparticles have been characterized and their 
antibacterial activity was checked.

2. Materials and methods

   The medicinal plant Garcinia xanthochymus, under 
study, was obtained from Siddha Institute, Chennai, 
India. Silver nitrate was obtained from SISCO Research 
Laboratories,  India.  The test organisms used for 
antibacterial assay were Escherichia coli ATCC 25922, 
Pseudomonas aeruginosa ATCC 27853 and Staphylococcus 
aureus ATCC 25923, Salmonella typhi ATCC 6539 and 
Klebsiella pneumoniae NCIM 2883.

2.1. Isolation of endophytic bacteria

   Leaf samples of Garcinia xanthochymus were cleaned 
under running tap water to remove debris from which 
4 segments of 1 cm length were separated and treated 
as replicates. Surface sterilization was carried out by 
submerging them in 75% ethanol for 2 min. The explants 
were further sterilized sequentially in 5.3% sodium 
hypochlorite (NaOCl) solution for 5 min and 75% ethanol 
for 0.5 min[14].
   These were placed horizontally on petri dishes 
containing Nutrient Agar. After incubation at 32 °C for 
3 d, the endophytic bacteria was collected and placed 
onto nutrient agar and incubated for 3 d and checked for 
culture purity. Eventually, pure cultures were transferred 
to nutrient agar slant tubes and subcultured regularly.

2.2. Molecular characterisation of the endophytic bacteria 

   The sequence of the 16S rRNA gene has been widely 
used as a phylogenetic marker to study genetic 
relationships between different strains of bacteria. The 
analysis of this gene can therefore be considered as a 
standard method for the identification of bacteria at the 
family, genus and species levels[15,16], and has in fact 
been included in the latest edition of Bergey’s manual of 
systematic bacteriology[17]. Genomic DNA was isolated 
from the pure culture pellet and the approximately 1.4 kb 
fragments corresponding to 16S rRNA was amplified using 
universal primers, high-fidelity PCR polymerase. The 
PCR product was sequenced bi-directionally using the 
forward and reverse primer. This sequence was compared 
with the 16s rDNA sequence data from strains available at 
the public databases (GENBANK, EMBL and DDBJ) using 
BLASTN sequence match routines[18]. The sequences 
are aligned using CLUSTALW2 program employing the 
neighbour-joining algorithm to establish the phylogeny.
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2.3. Synthesis of nanoparticles

   A hundred milliliter of sterile Luria Broth medium 
was prepared and inoculated with 12 h old cultures 
of the endophytic bacterium. The culture flasks were 
incubated for 36 h at 37 °C with shaking at 150 r/min. 
After incubation period, the bacterial cell pellet was 
collected by centrifugation at 10 000 r/min for 10 min. 
This biomass was washed thrice in sterile distilled 
water to remove any adhering nutrient media that might 
interact with the silver ions. About 1 g of the biomass 
was then resuspended into 20 mL of 1 mmol silver 
nitrate solution and incubated for 72-120 h at room 
temperature[19].

2.4. Characterization of nanoparticles

   The formation of AgNPs was followed by observing the 
colour change and was confirmed from UV-vis spectrum 
of the reacting solution using spectrophotometer, in 
a 1 cm path quartz cell at a resolution of 1 nm from 
250 to 800 nm[21,22]. The reduced silver nitrate solution 
was centrifuged at 5 000 r/min for 15 min and the dried 
samples were ground with KBr pellets. The spectrum 
was recorded in the range of 4 000-400 cm-1 using Perkin 
Elmer spectrophotometer operating at resolution of 4 
cm-1.
   Further characterization involved the use of scanning 
electron microscope (SEM) and transmission electron 
microscope (TEM) to comprehend the morphology, 
size and the distribution of nanoparticles. Elemental 
composition of the nanoparticles was carried out on 
an air-dried, carbon coated sample using an energy 
dispersive spectroscopy (EDAX) attachment on a 
scanning electron microscope using the following 
instrumental conditions: accelerating voltage of 15 kV 
and counting time of 100 seconds. 

2.5. Antibacterial screening

   Silver nanoparticles have proved to be the most 
effective antimicrobial agents compared to all the 
other types of nanomaterials. Hence, antibacterial 
activity of the biologically synthesized AgNPs was 
determined,  using the agar well  dif fusion assay 
method[20]. The test organisms used were Escherichia 
coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853 
and Staphylococcus aureus ATCC 25923, Salmonella 
typhi ATCC 6539 and Klebsiella pneumoniae NCIM 2883. 
The bacterial test organisms were grown in nutrient 
broth for 24 h. One milliliter nutrient broth culture of 
each bacterial organism was used to prepare bacterial 
lawns on nutrient agar plates. The wells were cut and 

100 μL of AgNP solution was loaded and incubated at 
37 °C. The plates were examined for evidence of zones 
of inhibition, which appear as a clear area around the 
wells.

3. Results

3.1. Isolation of endophytic bacteria

   From the surface sterilized leaf segments of Garcinia 
xanthochymus, the endophytic bacteria started to grow 
from the cut ends after 24 h and appreciable growth was 
observed after 48 h (Figure 1) and named as isolate GX1.

Figure 1. Growth of endophytic bacteria from the surface sterilized 
leaf segments of Garcinia xanthochymus.

3.2. Molecular characterization of the endophytic 
bacteria

   The endophytic bacterium was identified as Bacilli sp. 
using the standard microbiological and biochemical tests. 
This was further characterized by 16S rDNA analysis. The 
endophytic bacterial DNA was isolated and the 16S rDNA 
sequence was amplified and sequenced. The 16S rDNA 
sequence of the endophytic bacterium obtained was 
compared with the non-redundant BLAST database to 
obtain the sequences that displayed maximum similarity. 
All the sequences reported by BLAST revealed that 
the endophytic bacterial species showed a very high 
percentage of similarity (99%) with the sequences of 
Bacillus cereus, with a reasonably high score and E-value 
being zero. The sequences showing the maximum 
similarity were used for alignment using CLUSTAL W2 to 
derive the phylogenetic relationship (Figure 2).
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   There exists a clear evolutionary relation between 
all the 16S rDNA sequences as this represents a highly 
conserved sequence. All the taxa under comparison 
belong to the genera Bacillus and species cereus except 
for a few sequences whose species has not yet been 
identified. 
   The sequence of the endophytic bacterium was shown 
to be related to Bacillus cereus to form a clade with 
DQ289077 and GQ501070 and they exhibit a very high 
similarity (99%) and very low E-value indicating its 
closest resemblance to the sister-group. 

Figure 2. Phylogenetic relationship between the isolated endophytic 
bacterial 16S rDNA and the BLAST related sequences derived using 
CLUSTALW.

GX1
gi佐82791464佐gb佐DQ289077.1佐

gi佐257786544佐gb佐GQ501070.1佐
gi佐295027017佐emb佐FN667396.1佐

gi佐156563564佐dbj佐AB295053.1佐
gi佐335356270佐gb佐JF901710.1佐

gi佐319431033佐gb佐HQ704718.1佐
gi佐261208565佐gb佐GU004020.1佐

gi佐238801033佐gb佐FJ982660.1佐
gi佐215260063佐gb佐FJ449630.1佐

gi佐333981163佐gb佐JF772469.1佐
gi佐171903824佐gb佐EU584537.1佐

gi佐304272409佐gb佐HM752769.1佐
gi佐258406720佐gb佐GQ462533.1佐

3.3. Synthesis and characterization of nanoparticles

   The formation of nanoparticles is initially observed 
by color change from pale white to brown and this is 
further confirmed by UV-Vis spectra. The aqueous silver 
nitrate ions were reduced during exposure to Bacillus 
cereus biomass which is observed from the colour change 
of the treated solution from pale white to brown (Figure 
3A)[8,21]. The characteristic brown colour arises due to 
excitation of surface plasmon vibrations in the silver 
metal nanoparticles[5,8]. Therefore, the reduction of silver 
nitrate ions by the biomass can easily be followed by UV-
Vis spectroscopy. The spectrum showed a strong surface 
plasmon absorption band at around 432 nm (Figure 3B), 
which remains the same through out the reaction period, 
suggesting that the particles could be dispersed in the 
aqueous solution. A sharp clear peak, assigned to a 
surface plasmon, was well documented for various metal 
nanoparticles with sizes ranging from 2 to 100 nm[22,23].
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Figure 3. Silver nanoparticles formation. 
A: Colour change from pale white to brown observed indicating the formation of 
nanoparticles; B: UV-vis spectrum of the nanoparticles showing a characteristic 
peak at 432 nm. 
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   Controls (organism and reagent) showed no change 
in color when incubated under the same conditions 

indicating the role of the bacteria in the reduction of 
silver[24]. When tested for stability, the silver nanoparticle 
solution was stable for two months which is evident from 
UV-Vis spectra after which the particles started to show 
aggregation (data not shown). The stability of the AgNPs 
may be conferred by the proteins that may be involved in 
their synthesis. 
   The possible mechanism behind the formation of 
nanoparticles is still not clear but it was earlier proposed 
that the formation could be because of the proteins 
present in the medium[25]. In this study, FTIR analysis 
was carried out to figure out the possible molecules 
associated with the formation of nanoparticles. This is 
evident from the FTIR spectrum of AgNPs (Figure 4) which 
gave peaks at 3 510 cm-1 corresponding to the OH stretch 
of carboxylic acid and 1 636 cm-1 corresponding to N-H 
bending of primary amines. It has already been reported 
that the biological molecules perform dual functions of 
formation and stabilization of silver nanoparticles in the 
aqueous medium[26,27].
   The most widely used instruments in analyzing the 
nanoparticles for their size, morphology and distribution 
are the SEM and TEM. The representative SEM micrograph 
recorded showed the formation of silver nanoparticles. 
The SEM graph (Figure 5) revealed relatively spherical 
shaped nanoparticles with a diameter in the range of 
20-40 nm.  
   Much vivid information regarding the morphology and 
distribution of the nanoparticles was obtained by the TEM 
analysis (Figure 6) that exposed spherical shaped, smooth 
silver nanoparticles. Further these nanoparticles were 
found to be aggregated at certain locations. 
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Figure 4. FTIR spectra of the nanoparticle suspension.
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   The presence of elemental silver was confirmed by 
EDX analysis (Figure 7) where optical absorption peak 
was observed approximately at 3 kV, which is typical for 
the absorption of metallic silver nanocrystallites due to 
surface plasmon resonance[28], and the amount of silver 
being 28%. Apart from this, the signals for C, N and O 
indicate the presence of proteins as a capping material 
on the surface of silver nanoparticles.
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Figure 5. SEM micrograph showing the nanoparticles synthesized 
by the endophytic bacteria Bacillus cereus isolated from Garcinia 
xanthochymus. 

Figure 6. Representative TEM image of the silver nanoparticles. 
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Figure 7. EDX spectra of the silver nanoparticle suspension revealing 
peaks of elemental silver.

700

600

500

400

300

200

100

0

3.4. Antibacterial activity

   The resistance of microorganisms to various existing 
antibiotics has risen in the recent past[29-31]. This change 
led to the quest of novel antimicrobials from various 
sources. Silver and its derivatives are widely used in 
medicine for a long time in the treatment of infections. 
Thus it is fitting to investigate the antibacterial activity of 
the synthesized nanoparticles. 
   The bactericidal activity of AgNPs was studied against 
the pathogenic strains using agar well diffusion method 
(Table 1) against standard antibiotics. The zone of 

inhibitions produced by the biogenic silver nanoparticles 
was observed to be more compared to the standard 
antibiotics. The efficacy of silver nanoparticles can be 
attributed to the fact that their larger surface area enables 
them a better contact with the microorganisms. The toxicity 
of silver ions, though not very clearly understood, could 
be by their adhesion to the cell membrane and further 
penetration inside or by interaction with phosphorus 
containing compounds like DNA disturbing the replication 
process or preferably by their attack on the respiratory 
chain[32].

Table 1 
Zones of inhibition produced by the biogenic silver nanoparticles 
against the pathogenic bacteria. 

Test organisms Zones of inhibition (mm)

AgNPs Amoxicillin Streptomycin Ofloxacin
Escherichia coli 18 14 15 13
Pseudomonas 
aeruginosa 

15 5 15 12

Salmonella typhi 14 15 12 15
Klebsiella pneumoniae 15 14 10 13
Staphylococcus aureus 22 5 12 15

4. Discussion

   Tailoring of the materials at the atomic level helps to 
attain certain size dependent unique properties that can 
be desirably manipulated for the preferred applications. 
The entry of nanoparticles into the biological system for 
diverse purposes ranging from their use as biological 
labels to tumour destruction made their synthesis an 
important area of research[33-35]. Owing to the fundamental 
disadvantages in the physical and chemical methods of 
synthesis, biological route to their synthesis is looked 
upon as a reliable alternative using microbes. Since these 
microorganisms have highly structured physical and 
biosynthetic activities, nanoparticles of controlled shape 
and size can be obtained. The demand for benign synthesis 
of silver nanoparticles has led to this novel study where in 
an endophytic bacteria was used for their synthesis. 
   The potential of endophytes have been displayed earlier 
in terms of their capacity of control plant pathogens, 
insects and nematodes, play a role in accelerating seedling 
emergence, plant growth and promote plant establishment 
under adverse conditions. Bacterial endophytes have been 
shown to prevent disease development through endophyte-
mediated de novo synthesis of novel compounds and 
antifungal metabolites. Their multifaceted abilities 
instigated the idea to use them in the synthesis of 
nanoparticles in the present work. 
   The endophytic bacteria was identified as Bacillus cereus 
using the 16S rRNA analysis. This bacterium displayed the 
ability to reduce Ag+ to Ag0, with the size of nanoparticles 
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ranging between 11-16 nm that were found to be slightly 
aggregated.  
   Drug resistance of microorganisms to chemical 
antimicrobial agents is on the rise and their use in 
medical applications is becoming limited. Therefore, 
an alternative way to overcome the drug resistance of 
various microorganisms is needed desperately. The 
limited usefulness of silver and its derivatives against 
microorganisms due to their interfering effects of salts is 
surpassed by the use of Ag nanoparticles that are proving 
to be effective antimicrobial agents. The biosynthesized 
AgNPs in the present study were also found to possess 
antibacterial activity against all the test organisms 
used. This opens a new avenue of research where the 
endophytic bacteria can also be used in the green 
synthesis of nanoparticles. This study would be further 
extended to synthesize gold nanoparticles as they have 
become an integral part in the medical field especially in 
cancer diagnosis and therapy. 
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Comments 

Background
   Nanobiotechnology was born as a hybrid discipline, a 
combination of biotechnology and nanoscience.  In recent 
years, nanoparticles with sizes typically below 100 nm 
have been applied in several fields of bioscience and 
biomedicine, with an increasing number of commercial 
applications. Some of the physical properties exhibited 
by nanomaterials are due to large surface atom, large 
surface energy and spatial confinement and reduced 
imperfections.
 
Research frontiers
   Currently there are several methods for the production 
of nanoparticles like chemical and physical methods. But 
there are evidences regarding the harmfulness of these 
methods to the environment. This is leading to a growing 
awareness for the need to develop clean, nontoxic and 
environmentally friendly procedures for synthesis 

and assembly of nanoparticles that are best suited to 
environment. Reinvestigating the manufacturing process 
and adopting a much benign route to synthesis is the 
order of the day. 

Related reports
   There are certain other reports where in Sadowski who 
reported the use of Pseudomonas strutzeri and S. Minaeian 
who used various bacteria in the synthesis of silver 
nanoparticles in 2007 and 2008 respectively. In 2009 a 
study reported the synthesis of silver nanoparticles using 
Bacillus sp. by Nalenthiran Pugazhenthiran.

Innovations and breakthroughs
   The use of endophytic microorganisms especially 
bacteria in the benign synthesis of nanoparticles is 
considered as a novel idea as the ability of endophytic 
bacteria as nanofactories remains untouched. This study 
would add these microorganisms to the repository of the 
nanosynthesizers.
  
Applications
   It is noteworthy that the endophytes apart from being 
enormous source of secondary metabolites display the 
ability to reduce metals. The applications of nanoparticles 
are wide in nature from physics to medicine. These 
silver nanoparticles displayed considerable antibacterial 
activity and hence this study would prove to provide 
novel antimicrobial agents synthesized in a facile way.

Peer review
   This is a good study in which the authors tried to 
synthesize silver nanoparticles using endophytic bacteria 
employing simple, easily and reproducible methodologies 
which can further be used for the production on a large 
scale.  
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