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Biosynthesis of colloidal gold nanoparticles by Streptomyces sp. NK52 and  

its anti-lipid peroxidation activity 
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Gold nanoparticles (Au-NPs) were synthesized from chloroauric acid using cell free supernatant of Streptomyces sp. 

NK52 grown in nutrient broth. These nanoparticles were synthesized by varying pH and temperature of the reaction mixture 

and chloroauric acid concentration. The nanoparticles were characterized by spectrometry, X-ray diffraction, Scanning 

electron microscopy and energy dispersive spectrometry. Au-NP ranged from 10-100 nm in size and exhibited a 

polydispersive nature with various shapes like rods, hexagons, triangles, spheres. The diffraction peaks at 2θ = 38.1◦ and 

44.5◦ could be assigned to the (1 1 1) and (2 0 0) planes of a faced centre cubic (fcc) lattice of gold. Au-NP showed 47% 

inhibition of lipid peroxidation in vitro. To the best of our knowledge, this is the first report on the rapid biosynthesis of  

Au-NP using cell free supernatant of Streptomyces sp. and its evaluation for anti-lipid peroxidation. 
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Metal nanoparticles, particularly those of noble 

metals, offer highly sensitive sensing systems in 

healthcare, environment monitoring and probing 

technologies. Their synthesis is mediated by number 

of physical and chemical methods which are both 

costly and toxic. Biological synthesis of metal 

nanoparticles is preferred over chemical synthesis due 

to non-toxicity, cost effectiveness, and environmental-

friendly nature of the process. The biologically 

synthesized nanoparticles have remarkable optical 

characteristics and chemical properties and are 

smaller than 100 nm
1,2

. Some metal nanoparticles  

find extended applications in drug delivery, imaging, 

sensing, delivery of genes and tissue engineering
3
. 

Amongst bacteria, synthesis of nanoparticles is 

reported in Pseudomonas spp.
4
, Thermomonospora 

sp.
5
, Rhodopseudomonas palustris

6
, Lactobacillus sp.

7
 

These micro-factories can mediate extracellular  

or intracellular synthesis of nanoparticles of which, 

former is advantageous due to simplicity and  

rapidity during purification
8,9

. Despite the benefits  

of extracellular synthesis of nanoparticles, only  

few reports have explored this technique. Gold 

nanoparticles (Au-NPs) are useful in treatment of 

cancer and several microbial diseases
10,11 

and there  

is a need to study biosynthesis of Au-NP. To the best 

of our knowledge the synthesis of Au-NP using cell 

free supernatant (CFS) of Streptomyces spp. and their 

application for prevention of lipid peroxidation is not 

reported hitherto. 

In this study, CFS obtained by growth of an 

alkalophilic Streptomyces sp. NK52 grown in nutrient 

broth has been used to synthesize colloidal Au-NP. 

Anti-lipid peroxidation potential of the nanoparticles  

has also been determined and compared with standard 

antioxidants such as ascorbic acid and tocopherol. 

Nanoparticles with an ability to scavenge free radicals 

or prevent formation of reactive oxygen species, 

provide a therapeutic measure in oxidative stress 

related disorders. They are also useful as carriers  

in drug delivery systems thereby increasing the 

bioavailability of drugs
12

. 
 

Materials and Methods 
Gold chloride (chlorauric acid), Luria-Bertani (LB) 

broth, nutrient broth (NB), starch casein agar (SCA) 

and tryptic soya broth (TSB) were purchased from  

Hi-Media, Mumbai, India. All reagents were of the 

highest analytical grade available.  

Streptomyces sp. NK52 (KCTC 19739) was 

isolated from a laundry spot favouring alkalophiles 

near Pune, India. CFS was prepared by inoculating 
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approximately 300 mg of biomass of Streptomyces sp. 

NK52 in 50 mL of sterile NB. The flasks were 

incubated at 40 °C on a rotary shaker (200 rpm) for  

48 h. The CFS was obtained by centrifugation at  

8000 g for 15 min at 4 °C and its protein content  

was estimated by Bradford method
13

.  

Typical reaction mixtures contained equal volumes 
of CFS and 2.0 mM chloroauric acid solution 
(effective concentration was 1 mM). The reaction 
mixtures were incubated at room temperature for 2 h. 
The effect of pH on Au-NP synthesis was studied  
by adjusting pH of reaction mixture to 2, 3, 4 and 5. 
Controls were maintained for each pH value using 
appropriate buffer solutions where CFS was excluded. 
The concentration of chloroauric acid was varied  
from 0.5-2.0 mM. The effect of temperature  
on nanoparticle synthesis was studied by incubating 
reaction mixtures at 10, 20, 30 and 40 °C. All 
experiments were carried out in triplicates. 

The absorption spectrum of Au-NP was determined 

in range of 200-700 nm (Shimadzu UV-2102, Japan). 

For X-ray diffraction (XRD) analysis, thin films  

of Au-NP solution were prepared and the 

measurements were performed by using an X-ray 

diffractometer (Rigaku D/MAX 2500 V, Japan). 

Scanning electron microscopy (SEM) and elemental 

analysis was performed on an analytical scanning 

electron microscope (Hitachi S-3400 N, Japan) equipped 

with energy dispersive spectrometer (EDS).  

The potential application of Au-NPs for lipid 

peroxidation inhibition was determined in vitro
14

. The 

lipid peroxidation inhibition potential was determined 

over a period of 7 days. Standard antioxidants like 

ascorbic acid and tocopherol were included as 

positive controls for the study. An increase in the 

absorbance indicated production of peroxides from 

lipids. All experiments were carried out in triplicates. 
 

Results and Discussion 

Biological synthesis of nanoparticles was 

previously described using systems of plant, fungal 

and bacterial origin
15-17

. Nanoparticles of gold,  

silver, selenium, palladium, silica and titanium find 

applications in electronics, photonics and catalysis
18

. 

One of promising bacterial systems for the biological 

synthesis of nanoparticles is Streptomyces sp. which 

is reported to synthesize Au-NP
19

. In this study, an 

attempt was made to study the ability of CFS of 

Streptomyces sp. NK52 to synthesize nanoparticles. 

This isolate displayed maximum growth in NB and 

the synthesis of Au-NPs was rapid when compared 

with LB and TSB. The biological synthesis of 

nanoparticles is mostly attributed to the microbial 

enzymes, antioxidant or reducing properties
20

. Previously, 

CFS was employed for the synthesis of Au-NPs using 

Enterobacteriaceae family
21

grown in NB. 

The reaction mixtures developed a range of colours 

within 2 h of incubation under different conditions 

indicating the synthesis of a variety of gold 

nanoparticles. Previous reports indicate that longer 

durations are required for synthesis of nanoparticles in 

contrast to the short time reported here
17,19

. The effect 

of pH on nanoparticle synthesis and characteristic 

UV-visible spectra are shown in Fig. 1a. The yellow 

colour of chloroauric acid turned brown when  

the reaction was carried out at pH 3.0; a purplish- 

pink colour was observed at pH 4.0 and a dark  

reddish colour developed at pH 5.0. Fig. 1b shows  

the effect of varying chloroauric acid concentrations 

on nanoparticle synthesis. A purplish-pink colour was 

observed with 2 mM chlorauric acid which is similar 

to that reported earlier
11

. Maximum synthesis of  

 

Fig. 1—Visual observations and UV–vis absorption spectra of 

Au-NP at different pH values 2.0, 3.0, 4.0, and 5.0 (a); with 

varying concentrations of gold chloride (mM) 0.5, 1.0, 1.5 and 2.0 

(b); and at different temperatures (°C ) 10, 20, 30 and 40.(c) 
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AU-NPs took place at 40 °C where a similar purplish 

pink colour was observed. Characteristic peaks in the 

range of 500–600 nm were observed, suggesting the 

synthesis of gold nanoparticles which is similar to 

earlier reports
11

. The control chloroauric acid solution 

(without CFS) did not display the characteristic peak 

indicating that synthesis of Au-NPs did not occur. 

Thus optimum synthesis of Au-NPs using CFS of 

Streptomyces sp. NK52 grown on NB was obtained  

at pH 4.0, 40 °C with 2 mM chlorauric acid. 

SEM images of Au-NPs are shown in Fig. 2.  

The nanoparticles ranged in size between 10-100 nm. 

Polydispersive Au-NPs of various shapes viz. 

triangles, rods, spherical, hexagonal, rhomboids and 

rectangular nanoplates were observed which are not 

reported for Streptomyces spp.
19

. The polydispersive 

nature of Au-NPs is mainly responsible for their 

chemical, electronic and optical applications
18

. During 

the chemical synthesis of nanoparticles, solvent 

conditions like pH, temperature and nature of the 

reducing and stabilizing agent play an important role 

unlike the biological systems, where reductases play 

an important role in the process
22,23

. A representative 

XRD profile of the Au-NP displaying the structural 

information and crystalline nature is shown in Fig. 3. 

The diffraction peaks at 2θ = 38.1◦ and 44.5◦ were 

obtained which could be assigned to the (1 1 1) and  

(2 0 0) planes of a faced centre cubic (fcc) lattice of 

gold. The XRD patterns displayed here are consistent 

with earlier reports on Au-NPs
24

.  

Gold has been an integral part of a variety  

of traditional medicines in India on account of its  

non-toxic and beneficial effects
24

. The Au-NPs  

were tested for their lipid inhibition potential in vitro 

and compared with standard antioxidants such  

as ascorbic acid and tocopherol. Au-NPs exhibited  

 
 

Fig. 2—SEM of gold nanoparticles representing different shapes like triangles, rods and rhomboid. Inset bar is as indicated. 

 
Fig.3—XRD pattern of thin film of Au-NPs. 
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47% anti-lipid peroxidation potential whereas ascorbic 

acid and tocopherol displayed 85 and 60% anti-lipid 

peroxidation potential, respectively. Au-NPs have not 

been previously tested for their anti-lipid peroxidation 

potential although reports indicate they possess 

antioxidant activity
25

.  

The present results indicate that synthesis of metal 

nanoparticles is possible using cell free supernatant  

of Streptomyces sp., obtained on different media. 

Usually cell free supernatants are discarded in 

industrial processes after the product of interest is 

extracted. It would be interesting to know if such 

spent liquor can have extended applications in 

nanotechnology making an adequate utility of the 

effluent.  
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