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Over the past few years, nanoparticles synthesis is one of the most active research in the
nanotechnology field. The synthesis can be done chemically, physically and biologically.
However, some researchers prefer to synthesise it biologically or also known as biosynthesis or
‘green synthesis’ because it is believed to be safer, environmentally friendly and cost-effective.
In this work, we report the extracellular synthesis of 20 isolated marine bacteria from marine soil
sediment which were identified and evaluated to synthesise silver nanoparticles (AgNPs). This
was done by the addition of silver nitrate (AgNO3) solution with the cell-free supernatant of the
isolated marine bacteria at room temperature. The marine bacteria were identified using 16S
rRNA identification and neighbour-joining phylogenetic tree were constructed. Identification
results showed that the isolated bacteria consist of 19 Serratia sp. and 1 Providencia sp. The
biosynthesised AgNPs colloids were evaluated using morphological and optical analysis. AgNPs
were observed for colour change and determined using ultraviolet-visible (UV-Vis)
spectrophotometer. The existence of surface plasmon resonance peak at 400 to 450 nm is
evidence of AgNPs formation.

INTRODUCTION

naturally occurring reductants such as bacteria, plant extracts and
fungus [11-15]. Among these organisms, the most preferred system

Nanotechnology is a branch of science that deals with dimensions
and tolerances of 1-100 nm particle size [1, 2]. It is also a field that
is rapidly growing as it shows promising applications by creating
materials with new properties. Silver nanoparticles (AgNPs) are
one of the most used nanoparticles in research and industry due to
their high antimicrobial properties and wide applications. AgNPs
have been popularly used as antibacterial agents that heal wounds
and prevent infections in the health industry. Besides, AgNPs can
be applied for food storage, textile coatings, water treatment,
cosmetics, nanoscale sensors and catalytic activities [3-10].
AgNPs can be synthesised chemically, physically and
biologically. Chemical and physical syntheses produce better
AgNPs but it requires high cost, high energy consumption and uses
toxic chemicals. Thus, biological synthesis, also known as ‘green
synthesis’, is much preferred as it is environmentally benign. Few
researchers have reported that AgNPs can be synthesised using

is the bacteria as they can be easily handled and manipulated [16].
The first biosynthesis of AgNPs and its distinct size and
morphology have been reported by Haefeli et al. [17]. Since then,
there is an increase in nanosilver studies using microbes throughout
the years.

Although various papers are reporting the use of bacteria
as nano-factories, the potential of marine bacteria is least explored.
The marine environment, which is the sea, acts as a large reservoir
for microorganisms to live in. According to Mazalan et al. [18] the
Malaysian marine ecosystem has a vast number of unexploited
bacteria. However, some researchers have started to study these
marine bacteria using Ochrobactrum sp. and its antimicrobial
properties towards medically important pathogenic bacteria [19].
Also, a novel strain of Stenotrophomonas isolated from the marine
environment was the first to be reported to biosynthesise both
AgNPs and AuNPs [20].
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In this study, 20 marine bacteria isolated from Port Dickson, Negeri
Sembilan, Malaysia were used to biosynthesise AgNPs
extracellularly. The synthesis occurred when there were reducing
agents that reduce silver ions (Ag"). The reduction of Ag" by the
bacteria occurred through the release of reductases in the solution.
Thus, this paper proposed that the isolated bacteria can synthesise
AgNPs extracellularly.

MATERIALS AND METHODS
Culture and isolation

Soil samples were collected from several beaches at Port Dickson,
Negeri Sembilan, Malaysia. Zobell agar plates were made and pure
cultures were isolated. The isolated samples were screened for
AgNPs synthesis and 20 isolates were cultured in 10 mL Zobell
broth at 37°C on a rotary shaker set at 150 rpm for 24 h.

Identification of isolated bacteria

The identification of the isolated strain began with gram staining
procedures. The microscope slides were let to dry and viewed using
microscope at 100xmagnification. DNA extraction was done using
Macherey-Nagel bacterial purification kit by following the
protocols given. The extracted DNA was run on agarose gel
electrophoresis at 80 V for 45 min. Polymerase chain reaction
(PCR) was conducted after the confirmation of the band that
appeared upon viewing the gel using Gel Doc. In this PCR,
universal forward and reverse primers were used, which were 27F:
5’-AGAGTTTGATCMTGGCTCAG-3> and  1492R: 5’-
TACGGYTACCTTGTTACGACTT-3". It was run using Bio-Rad
Thermal Cycler with annealing temperature of 53.5°C [21]. The
PCR products were run on agarose gel electrophoresis at 80 V for
45 min. Then, the PCR products were sent for 16S rRNA
sequencing at NextGene. The obtained sequences were used to
make phylogenetic trees.

Synthesis of AgNPs

Cultured bacteria in 10 mL Zobell marine broth were centrifuged
using an ultracentrifuge at 15000 rpm for 10 min. The supernatant
was collected in a 50 mL Falcon tube and the pellet was discarded.
One of the supernatants was not added with AgNO3 to be used as a
control for the experiment. Then, 10 mL of 0.5 M AgNO3 solution
was added into the supernatant and the solution changed its colour
from yellow to milky white. The Falcon tube was covered with
aluminium foil and left in the dark for 24 h.

Characterisation of AgNPs

Characterization of synthesised AgNPs was done by reading its
absorbance using UV-vis spectrophotometer. The formation of
AgNPs was monitored using UV-vis spectrophotometer by
recording the spectra between 340-500 nm using Jenway 7305
spectrophotometer. The characteristic peaks were monitored
simultaneously. Solution spectra were obtained by measuring the
absorbance of the AgNPs colloid form in a cuvette with 1 cm
optical path.

RESULTS AND DISCUSSION
Sample collection and isolation

Marine soil sediment samples were collected during low tide and
brought back to the laboratory for bacterial culture and isolation.
All the isolated samples were then screened for extracellular AgNPs
synthesis and showed that only 20 isolates that can reduce AgNO?
into AgNPs (Table 1). Then, the samples were identified using 16S
rRNA identification and gram staining procedures.

Table 1: Sample collection details

Sample Location Type of marine sediment
AQ5-NT21
AQ5-NT22
AQS5-NT23 Pantai Purnama, Port Dickson, N.
AOS.NT24 Sembilan, Malaysia Sand
Q- 2.4436° N, 101.8559° E ancy
AQS5-NT25
AQ5-NT26
AQ5-NT27
AQS5-NT28
AQS5-NT29
AQ5-NT30 Teluk Kemang, Port Dickson, N.
AQS5-NT31 Sembilan, Malaysia Sandy
2.4546° N, 101.8599° E
AQ5-NT32
AQS5-NT33
AQ5-NT34 Pantai Cahaya, Port Dickson, N.
AQS5-NT35 Sembilan, Malaysia Sandy
AQ5-NT36 2.4914° N, 101.8397° E
AQ5-NT37
AQ5-NT38 Bagan Lalang, Selangor, Malaysia Muddy
AQ5-NT39 2.6059° N, 101.6983° E
AQ5-NT40

Identification of isolated marine bacteria

Table 2 shows the gram and genus of the 20 isolates based on the
16S rRNA identification results obtained from NextGene
Sequencing and BLAST analysis. From the results, 19 bacteria
were identified as Serratia sp. and 1 was of Providencia sp., which
were rod-shaped. Besides that, all 20 isolates were Gram-negative.
These 20 isolates were named and submitted into the GenBank
database since all of them were new and there was no 100%
homology with any submitted strains. Strain AQS5-NT37 of
Providencia sp. is a novel biosynthesis of AgNPs since there is no
reported papers on it through our knowledge. Unlike the other 19
isolates, there have been few reports using S. marcescens and
Serratia sp. as silver nano factories [22-26].
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Sample Gram Shape Genus GenBank
AQS5-NT21 Negative Rod Serratia sp. MN720572
AQ5-NT22 Negative Rod Serratia sp. MN720573
AQS5-NT23 Negative Rod Serratia sp. MN720574
AQS5-NT24 Negative Rod Serratia sp. MN720577
AQ5-NT25 Negative Rod Serratia sp. MN720576
AQ5-NT26 Negative Rod Serratia sp. MN720579
AQS5-NT27 Negative Rod Serratia sp. MN720580
AQS5-NT28 Negative Rod Serratia sp. MN720582
AQS5-NT29 Negative Rod Serratia sp. MN720595
AQ5-NT30 Negative Rod Serratia sp. MN720596
AQ5-NT31 Negative Rod Serratia sp. MN720597
AQS5-NT32 Negative Rod Serratia sp. MN720598
AQS5-NT33 Negative Rod Serratia sp. MN749521
AQ5-NT34 Negative Rod Serratia sp. MN720609
AQS5-NT35 Negative Rod Serratia sp. MN720610
AQS5-NT36 Negative Rod Serratia sp. MN720611
AQS5-NT37 Negative Straight rods ~ Providencia sp. MN720613

with cell

envelope
AQS5-NT38 Negative Rod Serratia sp. MN720612
AQ5-NT39 Negative Rod Serratia sp. MN720614
AQ5-NT40 Negative Rod Serratia sp. MN720615

Phylogenetic tree was constructed to predict the position of the
isolates with GenBank data sequence using BLAST, NCBI (Figure
1). A total of 29 DNA sequences were aligned together with
Providencia spp. as outgroup. The phylogenetic tree portrayed high
bootstrap value to support each of the clade forms. All strains
except AQS5-NT37 showed a close relation with Serratia sp. while
AQS5-NT37 was identified as Providencia sp. according to its
phylogenetic tree, shape, and gram it possessed. The neighbours of
AQS5-NT37 are Providencia rettgeri strain NCTC 11801 and
Providencia rettgeri strain DSM 4542, which are opportunistic
pathogens and may cause urinary tract infections [27, 28]. Thus,
AQS5-NT37 is not suggested to be used as silver nanofactory due to
its pathogenicity that may cause harm towards humans.
Providencia vermicola strain OP1 also clade together with isolate
AQ5-NT37 with bootstrap value of 99 which indicates the closest
related genus.

The nearest neighbours for the other 19 isolates are
Serratia liquefaciens strain CIP 103238, Serratia quinivorans strain
4364, Serratia quinivorans strain LMG 7887, Hafnia
psyhcrotolerans strain DIC1-1, Rahnella victoriana strain FRB 225
and Rahnella bruchi strain FRB 226. All of them clade together
with all the isolates except AQS5-NT37. It can be said that they are
closely related to the genus Serratia spp., Hafnia sp. and Rahnella
spp because they share the same ancestors and it shows high
bootstrap values of 90 and 99 on the respective nodes.

Synthesis of AgNPs

The biosynthesis of AgNPs by the 20 isolates was determined by
the colour change of the supernatant with the presence of 0.5 M of
AgNOs solution (Figure 2). The observations indicated that the
extracellular components of the isolates have successfully reduced
the Ag* into Ag®, thus causing the change of colour of the solution
from milky white into brown within 72 h incubation at room
temperature in the dark. According to Dzul-Erosa et al. [29] the
colour change is due to the excitation of surface plasmon resonance

of the AgNPs. It is also considered as evidence of the formation of
AgNPs.

AQ5-NT40
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Figure 1: Neighbour-joining tree of 20 isolated marine bacteria from Port
Dickson, N. Sembilan, Malaysia and Bagan Lalang, Selangor, Malaysia.

Figure 2: Colour of the solution of a) cell-free supernatant of isolated
marine bacteria, b) addition of AgNO3 into the supernatant, ¢) 72 h
incubation in the dark and d) AgNPs colloid at 72 h.

In Figure 2, there were two layers observed after 72 h of incubation
in the dark. The top layer was liquid and is known as the AgNPs
colloid while the bottom layer was sediment formed by the reaction
of the cell-free supernatant of marine bacteria and the AgNOs
solution. However, researchers usually use the colloid form of
AgNPs for further tests as it is monodispersed and stable compared
to the sediment, which contains polydispersed AgNPs. It was also
noted that the brown colour of the colloid will intensify and become
darker when being kept over time because of the surface plasmon
resonance.

Some researchers reported that the formation of AgNPs
by the presence of nitrate reductase enzyme in the bacteria. This is
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because some bacteria metabolic pathways require nitrate as a
major source of nitrogen. The nitrate will then be converted into
nitrite by nitrate reductase enzymes [30, 31].

Characterization of AgNPs

Based on Figure 3, AQ5-NT23, AQ5-NT29, AQ5-NT35 and AQ5-
NT39 showed the highest peak, respectively. However, all the
isolates have peak within the range of 400 to 500 nm as none of it
was aligned with the control. AQ5-NT21 and AQ5-NT22 only
showed their peak at 440 nm with the absorbance of 0.606 and
0.291, respectively. This shows that the production of AgNPs by
AQS5-NT22 was much lower compared to AQS5-NT21. On the other
hand, AQ5-NT24, AQS-NT25, AQS5-NT26, AQS-NT27, AQS-
NT28, AQ5-NT30, AQS5-NT31, AQ5-NT32, AQ5-NT33, AQS5-
NT34, AQS5-NT35, AQ5-NT36, AQS-NT37 and AQS5-NT38
showed their peaks between 420 to 440 nm, which indicate that the
AgNPs produced may have an intermediate size of 1 to 100 nm.
Meanwhile, AQ5-NT29 may produce various sizes of AgNPs
because of the peaks shown from 400 to 500 nm. Similar peaks
were observed at 420 to 500 nm by AQS-NT39. Thus, this UV-Vis
spectra results confirmed the biosynthesis of AgNPs by the 20
isolates as according to Dzul-Erosa et al. [29] AgNPs’ characteristic
peak is specific at 400 to 450 nm. Besides that, it is related to the
excitation of surface plasmon resonance that was mentioned earlier.
From these UV-Vis results, it can be inferred that the surface
plasmon resonance position of synthesised AgNPs exhibits
exceptional size-dependence [32]. This statement also supported by
Prakoso et al. [33] who stated that the position and shape of the
surface plasmon absorption bands are dependent on the shape,
dispersity and size of the nanoparticles.
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Figure 3: UV-Vis Spectra of isolated marine samples with control for a)
AQS5-NT21 to AQS5-NT25, b) AQS5-NT26 to AQS5-NT30, ¢c) AQ5-NT31 to
AQS5-NT35 and d) AQ5-NT36 to AQS5-NT40.

CONCLUSION

In the current study, we have reported that the 20 isolated marine
bacteria from marine soil sediments which consist of Serratia sp.
and Providencia sp. can biosynthesise AgNPs extracellularly at
room temperature. The molecules or proteins in the cell-free culture
supernatant present acted as a stabilizing and reducing agents to
convert AgNO3 solution into AgNPs. It is also noted that there
might be the presence of nitrate reductase enzymes as stated by
some papers. However, extended analysis for the biosynthesised
AgNPs should be done by using High-Resolution Transmission
Electron Microscopy (HR-TEM), Fourier Transform Infrared
Spectroscopy (FTIR), X-ray diffraction (XRD) and Dynamic Light
Scattering (DLS)which will provide the deeper insights on the size
and shape of AgNPs, and determine the functional groups that help
in converting Ag" to Ag’.
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