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In present study, in vitro biosynthesis of gold nanoparticles (GNPs) was achieved using HAuCl, as a substrate by Streptomyces sp. ERI-
| 3 cell-free supernatant. The formation of gold nanoparticles was confirmed by UV-VIS sperctrophtometry, X-ray diffraction and scanning |
electron microscopy. Gold nanoparticles were formed after 48 h of incubation at 28 °C and pH 7.
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INTRODUCTION

Owing to their various applications, nanoparticles have
attracted considerable attention in recent years. For example,
gold nanoparticles have found many applications in diagnosis
and therapy of cancer', drug delivery” and gene therapy’. A
number of physical and chemical approaches are available for
the synthesis of nanoparticles*. Chemical methods of
nanoparticles synthesis are the most widely and traditionally
used methods. Generally the physical methods have low yield
and the nanoparticles from chemical methods have contami-
nation from precursor chemicals, with use of toxic solvents
and generation of hazardous by-products. Hence, there is a
growing need to develop environmentally benevolent
nanoparticle synthesis processes that do not use toxic chemicals
in the synthesis protocol. A vast array of biological resources
available in nature including plants, algae, fungi, yeasts and
bacteria can be employed for synthesis of nanoparticles and
the prokaryotic bacteria have received the most attention in
this area. Advantages of using bacteria are ease of handling
and that they can be manipulated genetically without much
difficulty’”. The studies have indicated that some bacteria like
Bacillus subtilis, Shewanella algae, Pseudomonas aeroginosa,
Rhodopseudomonas capsulata, Escherichia coli, Lactobacillus
sp., Thermomonospora sp. and Rhodococcus sp. could induce
the synthesis of gold nanoparticles®'*. Nevertheless, the
number of bacteria evaluated so far for their ability to induce
nanoparticles synthesis, is limited and needs to be extended.
Streptomyces species, the member of actinomycetales order,
are found worldwide in soil. They are the most potent sources
for production of antibiotics and other bioactive secondary
metabolites'. This report presents data for the first time on

the generation of gold nanoparticles using cell-free superna-
tant of Streptomyces sp. ERI-3.

EXPERIMENTAL

HAuCl, was purchaced from Sigma-Aldrich (USA) and
all the other chemicals were obtained from Merck (Germany).
For isolation of genus Streptomyces the soil samples were
collected from Songon copper mine in north-west of Iran in
sterile falcon tubes. They were serially diluted and spread on
starch casein agar plates (starch 10 g, casein 0.3 g, CaCO;
0.02 g, FeS0O,0.01 g, Kb,HPoy 2 g, KNO; 2 g, MgSO4 0.05 g,
NaCl 2 g and agar 15 g in 1000 mL sterile distilled water at
pH 7) to isolate the genus Streptomyces'. To minimize the
fungal and bacterial growth, actidione (20 mg/L) and nystatin
(100 mg/L) were added to the cultures. The plates were then
incubated at 28 °C for 7 days. The isolates were determined as
Streptomyces sp. using morphological and biochemical methods
according to the procedures described in Bergey's manual of
determinative bacteriology". For molecular identification of
isolate, genomic DNA of Streptomyces sp. was extracted by
methods described in earlier reports'®. The cultures were main-
tained at 4 °C in starch casein agar plates by continuous
sub-culturing every 14 days.

For biosynthesis of gold nanoparticles, the bacterial
cultures were grown in MGYP broth medium (malt extract
3 g, glucose 10 g, yeast extract 3 g and peptone 5 g perin 1 L
of distilled water and pH 7) at 28 °C in an orbital shaker set at
200 rpm'™". After 48 h, when the culture optical density at
600 nm was in the range of 1.5-2.0, the culture supernatant
was used for the generation of gold nanoparticles. For this
purpose, the culture was centrifuged at 6000 g and the cell
pellet was recovered. The cell pellet was then washed thrice




4648 Zonooz et al.

Asian J. Chem.

with 50 mM phosphate buffer (pH 7) by centrifugation at
5000 g. Then cell pellet was suspended in distilled water and
incubated at 28 °C in an orbital shaker set at 200 rpm for extra
48 h. Later, the cell-free supernatant was recovered by
centrifugation at 7500 g. 50 mL of HAuCl, solution (1 mM)
was added to 10 mL the cell-free culture supernatant in a 500
mL Erlenmeyer flask and the mixture was incubated at 28 °C
in an orbital shaker set at 200 rpm for 48 h.

The preliminary detection of the formation of gold
nanoparticles was carried out by observing the colour change
of the cell-free supernatant after treatment with HAuCls. The
absorption spectra of the samples were taken using a UV-VIS
spectrophotometer (Shimadzu, UV Pharma spec 1700 with a
resolution of 0.72 nm) from 300-800 nm. The XRD measure-
ments of dried powder of gold nanoparticles were performed
by a Phillips PW 1800 instrument. The morphology and size
of gold nanoparticles was studied by scanning electron
microscope'. For this purpose, the suspension from the gold
nanoparticles was air-dried and subjected to SEM (Phillips
XL 3000).

RESULTS AND DISCUSSION

The pure colonies were obtained and characterized as
Streptomyces sp. ERI-3 based on the microscopic, macro-
scopic, biochemical and 16 s IRNA studies'>'®. The aqueous
gold ions were reduced to gold nanoparticles by addition of
the cell-free supernatant of Streptomyces sp. ERI-3 to aqueous
HAuCl,. This was indicated by changing in colour from whitish-
yellow to reddish-purple. Some bacteria like Pseudomonas
aeroginosa, Rhodopseudomonas capsulata, Escherichia coli
and extrathermophilic actinomycete Thermomonospora sp.
have also shown the same colour change when exposed to
HAuCl, solution®'%,

Reduction of the aqueous chloroaurate ions during expo-
sure to the Streptomyces sp. ERI-3 cell-free supernatant may be
easily followed by UV-VIS spectroscopy. The UV-VIS spectro-
scopy indicated that the samples have an absorption maximum
at 540 nm attributable to the surface plasmon resonance band
(SPR) of gold nanoparticles'"'. Fig. 1 shows the UV-VIS spectra
recorded from the aqueous chloroauric acid-Streptomyces sp.
ERI-3 reaction medium. This is the first report on the formation
of gold nanoparticles using cell-free supernatant of Streptomyces
sp. ERI-3 and HAuCl, as substrate.
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Fig. 1. UV-VIS spectra recorded from the samples before (curve 1) and

after (curve 2) synthesis of gold nanoparticles

The formation of gold nanoparticles was further supported
by XRD measurements. The results of XRD confirmed the
crystalline nature of gold nanoparticles. Fig. 2 illustrates the
XRD patterns of gold nanoparticles. A comparison of XRD
spectrum with the standard sample confirmed that the gold
nanoparticles have been formed in the form of nanocrystals
as evidenced by the peaks at 20 values of 38.26, 44.60, 64.67
and 77.54° corresponding to 111, 200, 220 and 311 planes for
gold, respectively®'".
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Fig. 2. XRD spectrum of the synthesized gold nanoparticles

SEM is a powerful method to determine the size and mor-
phology of nanostructures. SEM micrographs of the synthe-
sized gold nanoparticles revealed the formation of spherical
nanoparticles of 10-50 nm, extracellularly. The extracellular
formation of gold nanoparticles would be of great advantage
to the industry since it would overcome steps involved in puri-
fication of gold nanoparticles. The reaction conditions can be
modified by changing experimental factors such as pH, incu-
bation time, temperature, the composition of the culture medium,
etc. This modification will improve the shape, size and the
location of the particles synthesized deposition'”. A represen-
tative SEM image of gold nanoparticles is shown in Fig. 3.
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Fig. 3. SEM image of Streptomyces sp. ERI-3 supernatant treated with

HAuCL. SEM micrograph shows biosynthesis of gold nanoparticles
with spherical shape

In an earlier study was found that Thermomonospora sp.
when exposed to aqueous HAuCl, solution is able to reduce
Au** ions to extracellular GNPs, with 8-12 nm size after nearly
120 h of reaction, indicating that it is an extremely slow
process®, while Streptomyces sp. ERI-3 can complete the
reaction after 48 h that is remarkable.
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Conclusion

This study indicates that cell free supernatant of Strepto-
myces sp. ERI-3 can synthesize gold nanoparticles after 48 h
of incubation at 28 °C and pH 7. The nanoparticles exhibited
morphology of spherical with the size range of 10-50 nm.
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