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Abstract
Background and Objective: Actinomycetes are important microorganisms that have an important role in the production of bioactive
molecules due to their ability to decompose many organic materials. Because of this the present investigation focus on the exploration
of different goldmine soil for the isolation of potential actinomycetes which can be further used for the synthesis of gold nanoparticles.
The study aims to explore gold mine soil to isolate and characterize the variety of actinomycetes prevailing in the soils of the Hutti gold
mines and Kolar gold mines which can be further used for the synthesis of gold nanoparticles.  Materials and Methods: Soil samples were
subjected to the isolation of actinomycetes. The isolates of actinomycetes  were screened for the synthesis of gold nanoparticles in starch
casein broth using aurium chloride as a substrate. Results: The presence of gold nanoparticles in the solution was confirmed by visual
observation of colour and UV-Vis Spectrum at 400-700 nm. Further, the size of gold nanoparticles was illustrated by scanning electron
microscopy (SEM). Conclusion: Gold mines are considered as a good source for isolating biodiverse microorganisms and this isolated
microorganism can be explored for the synthesis of various bioactive molecules among them Gold nanoparticles is considered to be one
of the most important bioactive molecules because of their various applications in a different field.
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INTRODUCTION

Biodiversity deals with patterns of species distribution
and the process that result in such patterns over space and
time. It aims to reveal where organisms live, at what
abundance  and  why.  It  is  estimated that there are millions
of microbial species on the  planet,  relatively few of which
have been isolated in culture1. Despite the recognized
importance  of  microorganisms, we  still  know  little about
the magnitude and variability of microbial biodiversity in
natural environments relative  to  what  is  known  about
plants and animals. Out of necessity, microbial diversity
studies usually examine the richness including abundance,
range and distribution of microbes, thereby improving our
understanding of both natural ecosystems and human health.
Microorganisms constitute a huge and almost unexplained
reservoir of resources likely to provide innovative applications
useful to man. It has been estimated that only about less than
five percent of all microorganisms on earth have been
studied2. The Indian subcontinent is one the richest
geographical area in the world allocated with microbial
diversity. Diversity is the inconsistency of living beings and the
ecosystem in which they occur. It is mainly represented by
genetic, functional and taxonomic diversity. Microorganisms
represent the richest inventory of all the three elements
mentioned above as they underline the basic ecosystem
process. Among microorganisms, Actinomycetes represents a
very exotic as well as interesting and diverse group with about
56 families and 220 genera. They can be found in a variety of
habitats and are particularly abundant in soil and aquatic
bodies. These are filamentous, branching bacteria with a
fungal type of morphology. Streptomyces is a familiar name to
all microbiologists but few will recognize actinomycetes, the
group to which it belongs. Identified from the 1870s onwards,
these organisms confused their discoverers by sharing
characteristics of both bacteria and fungi.

Actinomycetes are physiologically very diverse as
evidenced by their production of numerous extracellular
enzymes and thousands of secondary metabolites1. They have
an unrivalled capacity to produce commercially significant
bioactive compounds. Nanoparticle one of the bioactive
compound has a wide range of applications3. Antimicrobial
properties, anticancer activities, genotoxicity, diagnostic
devices, drug delivery systems, detection of pathogens,
purification of water, cosmetics and nano drugs, sensors in
environmental cleanup strategies and food processing
industries, nanocatalysts and oil industries and textile
industries and decorative materials are some of the important
and potential applications to mention. Among nanoparticles,

gold nanoparticles were reported to have important
applications. For  the  synthesis  of  nanoparticles, many
methods are available, among all microbial nanotechnology
is the eco-friendly process4. It is the science that deals with the
use of microorganisms.

In the present study, an attempt was made to isolate and
characterize the variety of actinomycetes prevailing in the soils
of Hutti gold mines and Kolar gold mines for the synthesis of
gold nanoparticles.

MATERIALS AND METHODS

Study area: The study was carried out in the A-DBT Research
Laboratory, Gulbarga University, India from June-December,
2021.

Isolation  and  screening  of  actinomycetes: Isolation of
actinomycetes was performed by serial dilution method5 using
starch casein agar6. Soil samples from Hutti Gold mines and
Kolar gold mines were collected and subjected to the isolation
of actinomycetes. The isolated colonies were further purified
by subculturing and maintained at 40EC on SCA.

Screening of actinomycetes for the synthesis of gold
nanoparticles: The isolated cultures of actinomycetes were
screened  for  the  synthesis of gold nanoparticles. A loop full
of 3 days old culture of actinomycetes were inoculated into
100 mL starch casein broth individually and incubated at 40EC
for 5 days on a shaker (200 rpm). After the period of
incubation, the broth cultures were centrifuged at 5000 rpm
for 20 min  at  20EC.  The   biomass   obtained   was   washed
2-3 times with sterile distilled water. The washed biomass was
resuspended in 100 mL of Aurium chloride solution and kept
for incubation at 40EC on a shaker (200 rpm) for 3 days. Visual
observation for the development of colour and UV absorbance
at 400-700 nm was recorded7.

Identification of streptomyces: The screened potential
isolates for  the  synthesis  of  gold nanoparticles were
characterized by morphological, microscopic and biochemical
tests. The observation was carried out by the method and
media proposed by Ahmad et al.8.

Synthesis of gold nanoparticles: Gold nanoparticles were
synthesized by the potential isolates DBZ-29 and DBZ-33
employing the same procedure mentioned under screening
for gold nanoparticles synthesis. The synthesized gold
nanoparticles  were  characterized  by visual observation and
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UV-Vis spectrophotometric analysis. The size of gold
nanoparticles was analyzed by scanning electron microscopy8.

RESULTS AND DISCUSSION

Totally 38 colonies of actinomycetes were isolated from
the soil  samples  of Hutti gold mines and Kolar gold mines
(Fig. 1) and were screened for the synthesis of gold
nanoparticles (Fig. 2). It was found that about 8 isolates
synthesize extracellular gold nanoparticles and these potential
isolates were characterized by microscopical (Fig. 3),
morphological and biochemical tests (Table 1) for the
identification of Streptomyces sp. Microscopic observations
reveal gram-positive bacteria with aerial mycelium while the
morphological characteristic reveals the cemented, soily
odour colony with aerial mycelium. Eight biochemical tests
were performed as per the prescribed protocol by Shirling and
Gottlieb where catalase (+ve), nitrate reduction (+ve), H2S
production (-ve), gelatin  liquefaction (+ve), Milk
peptonization (+ve), tyrosinase production (+ve), Starch
hydrolysis (+ve) and cellulase production (+ve) to identify
streptomyces (Table 1). Among these 8 isolates, DBZ-29 was
found to be potential for the synthesis of extracellular gold
nanoparticles (Fig. 4). The development of colour from yellow
to deep purple after challenging with aurium chloride solution
confirms  the  synthesis of gold nanoparticles. The presence of
gold nanoparticles in the solution was confirmed by recording
UV-Vis spectrum at 400-700 nm absorbance (0.19 optical
density  at  550  nm)  (Fig.  5).  Further,  the  size of gold
nanoparticles was illustrated by scanning electron microscopy
(SEM) which reveals the mono dispersion pattern of gold
nanoparticles (Fig. 6). The result of presence studies reveals
that the maximum absorbance of the aurium chloride solution
treated with streptomyces DBZ-29 was recorded at 550 nm
and the size of the gold nanoparticles was found to be 48 nm
shown by scanning electron microscopy. This confirms the
presence of gold nanoparticles in the solution treated with the
Streptomyces DBZ-29. Thus the soil samples of Hutti gold
mines and Kolar gold mines can be explored further to know
the biodiversity of microorganisms and their bioactive
molecules for different applications.

Several reports are available on the screening of
biological entities for the synthesis of extracellular gold
nanoparticles,  especially  including  plants9-14,  bacteria15-20

and fungi21-27. However, the investigation on screening of
actinomycetes for the synthesis of extracellular gold
nanoparticles is very meagre except few reports by28-38. The
change in or development of wine red colour in the test
solution within 18 hrs reveals more physiological capability of

Table 1: Biochemical properties of actinomycetes
Biochemical test Results
Catalase Positive
Nitrate reduction Positive
H2S production Negative
Gelatin liquefaction Positive
Milk peptonization test Positive
Tyrosinase production Positive
Starch hydrolysis Positive
Cellulase production Positive

Fig. 1: Plate showing the biodiversity of actinomycetes in soil

Fig. 2: Screening of actinomycetes for the synthesis of gold
nanoparticles 

Fig. 3: Microscopic feature of actinomycetes

67



Biotechnology, 21 (2): 65-70, 2022

Fig. 4: Visual observation of gold nanoparticles synthesis

Fig. 5: UV-vis spectra for the synthesis of gold nanoparticles

Fig. 6: Scanning electron microscopy of gold nanoparticles

Streptomyces tritolerans for the better synthesis of
extracellular gold nanoparticles. Nikajima39 presented a
research   account    on   the   integration   of   various  process
variables    as     mentioned     above     for     the    extracellular

synthesis of gold nanoparticles by an isolate of actinomycete,
Thermomonospora  sp.  A  novel  alkali thermophilic
actinomycetes Thermomonospora sp., isolated from self-
heating compost was reported to have pH 9.0, temperature
50EC and 1 mM substrate concentration as optimum
conditions for the extracellular synthesis of gold nanoparticles.
It was also reported that the use of extreme biological
conditions in the synthesis could be a contributory factor in
the size and mono dispersal control using actinomycetes as
the biological source. Microorganisms are the natural
biofactories for the manufacture of various bioactive
molecules40. They minimize the toxicity in the environment by
reduction of the metal ions Thus, the employment of several
microorganisms in the synthesis of nanoparticles is relatively
a recent phenomenon and is an attractive field of research.

CONCLUSION

In the present study soil samples of Hutti gold mines and
Kolar gold mines were explored for the isolation of
actinomycetes. The isolated actinomycetes were screened for
the synthesis of gold nanoparticles. Based on visual
observation of the colour from yellow to deep red compared
to the control solution indicates the presence of gold
nanoparticles in the test solution treated with actinomycetes.
Further, the presence of gold nanoparticles in the treated
solution was confirmed by UV-vis analysis and scanning
electron microscopy. Thus, the soil of the hutti gold mine and
kolar gold mine proved to be a good source for isolating a
diverse group of microorganisms.

SIGNIFICANCE STATEMENT

This study discovers the important role of actinomycetes
presents in soil that can be beneficial for the production of
many important  bioactive  molecules which are known to
have myriad applications in Biotechnology, Medicine and
Pharmaceutical Industries.

ACKNOWLEDGMENT

The first author is grateful to ADBT-Research Laboratory,
Gulbarga University, India

REFERENCES

1. Agnihotri, M., S. Joshi, A.R. Kumar, S. Zinjarde and S. Kulkarni,
2009. Biosynthesis of gold nanoparticles by the tropical
marine  yeast  Yarrowia  lipolytica  NCIM  3589. Mater. Lett.,
63: 1231-1234.

68

0.221

0.182

0.142

0.102

0.063

0.023

A
b
s

400.00 480.00 560.00 640.00 720.00 800.00

Wavelength (nm)

3302 20 KV X10,000 1 µm WD18



Biotechnology, 21 (2): 65-70, 2022

2. Anderson, A.S. and E.M.H. Wellington, 2001. The taxonomy of
streptomyces and related genera. Int. J. Syst. Evol. Microbiol.,
51: 797-814.

3. Azam, A., F. Ahmed, N. Arshi, M. Chaman and A.H. Naqvi,
2009. One step synthesis and characterization of gold
nanoparticles   and    their   antibacterial   activities   against 
E. coli (ATCC 25922 strain). Int. J. Ther. Appl. Sci., 1: 1-4.

4. Cook, A.E. and P.R. Meyers, 2003. Rapid identification of
filamentous actinomycetes to the genus level using genus-
specific 16S rRNA gene restriction fragment patterns. Int. J.
Syst. Evol. Microbiol., 53: 1907-1915.

5. Syed, D.G., D. Agasar, C.J. Kim, W.J. Li and J.C. Lee et al.,
2007. Streptomyces tritolerans sp. nov., a novel actinomycete
isolated  from  soil  in  karnataka,  India.  Antonie van
Leeuwenhoek, 92: 391-397.

6. Gericke, M. and A. Pinches, 2006. Biological synthesis of metal
nanoparticles. Hydrometallurgy, 83: 132-140.

7. Ahmad, A., S. Senapati, M.I. Khan, R. Kumar and M. Sastry,
2005. Extra-/intracellular biosynthesis of gold nanoparticles
by an alkalotilerant fungus Trichothecium spp. J. Biomed.
Nanotechnol., 1: 47-53.

8. Ahmad,   A.,     S.     Senapati,     M.I.    Khan,  R.    Kumar    and
M.  Sastry,   2003.   Extracellular   biosynthesis  of
monodisperse  gold   nanoparticles   by   a novel
extremophilic actinomycete,  Thermomonospora  sp. 
Langmuir, 19: 3550-3553.

9. Ahmad,  A.,  P.  Mukherjee, S. Senapati, D. Mandal, M.I. Khan,
R. Kumar and M. Sastry, 2003. Extracellular biosynthesis of
silver nanoparticles using the fungus Fusarium oxysporum.
Colloids Surf., B: Biointerfaces, 28: 313-318.

10. Jeffrey, L.S.H., 2008. Isolation, characterization and
identification of actinomycetes from agriculture soils at
Semongok, Sarawak. Afr. J. Biotechnol., 7: 3697-3702.

11. Raju, D., U.J. Mehta and A. Ahmad, 2012. Phytosynthesis of
intracellular and extracellular gold nanoparticles by living
peanut plant (Arachis hypogaea L.). Biotechnol. Appl.
Biochem., 59: 471-478.

12. Shankar, S.S., A. Ahmad and M. Sastry, 2003. Geranium leaf
assisted biosynthesis of silver nanoparticles. Biotechnol. Prog.,
19: 1627-1631.

13. Salem,  A.N.B.,  R.  Zyed,  M.A. Lassoued, S. Nidhal, S. Sfar and
A. Mahjoub, 2012. Plant-derived nanoparticles enhance
antiviral  activity  against  coxsakie  virus  B3  by  acting on
virus particles and vero cells.  Dig.  J.  Nanomater.  Biostruct.,
7: 737-744.

14. Basavegowda,    N.,      A.      Sobczak-Kupiec,      D.    Malina,
H.S. Yathirajan and V.R. Keerthi et al., 2013. Plant mediated
synthesis of gold nanoparticles using fruit extracts of Ananas
comosus (L.) (pineapple)  and  evaluation  of  biological
activities. Adv. Mater. Lett., 4: 332-337.

15. Rajasekharreddy, P., P.U. Rani and B. Sreedhar, 2010.
Qualitative assessment of silver and gold nanoparticle
synthesis  in  various  plants:   A   photobiological  approach.
J. Nanopart. Res., 12: 1711-1721.

16. Dauthal, P. and M. Mukhopadhyay, 2012. In-vitro  free radical
scavenging activity of biosynthesized gold and silver
nanoparticles using Prunus armeniaca (apricot) fruit extract.
J. Nanopart. Res., Vol. 15. 10.1007/s11051-012-1366-7.

17. Mandal,  D.,  M.E. Bolander, D. Mukhopadhyay, G. Sarkar and
P. Mukherjee, 2006. The use of microorganisms for the
formation of metal nanoparticles and their application. Appl.
Microbiol. Biotechnol., 69: 485-492.

18. Shankar, S.S., A. Rai, A. Ahmad and M. Sastry, 2004. Rapid
synthesis of Au, Ag and bimetallic Au core-Ag shell
nanoparticles  using  Neem  (Azadirachta  indica)  leaf broth.
J. Colloid Interface Sci., 275: 496-502.

19. Kalishwaralal, K., V. Deepak, S.R.K. Pandian and S. Gurunathan,
2009. Biological synthesis of gold nanocubes from Bacillus
licheniformis. Bioresour. Technol., 100: 5356-5358.

20. Sharma,   N.,     A.K.     Pinnaka,    M.    Raje,    F.N.U.   Ashish,
M.S. Bhattacharyya and A.R. Choudhury, 2012. Exploitation of
marine bacteria for production of gold nanoparticles. Microb.
Cell Fact., Vol. 11. 10.1186/1475-2859-11-86.

21. Rajasree,  S.R.R.  and  T.Y.  Suman, 2012. Extracellular
biosynthesis of gold nanoparticles using a gram negative
bacterium Pseudomonas fluorescens. Asian Pac. J. Trop. Dis.,
2: S796-S799.

22. Malarkodi,  C.,  S.   Rajeshkumar,   M.   Vanaja,   K.  Paulkumar,
G. Gnanajobitha and G. Annadurai, 2013. Eco-friendly
synthesis and characterization of gold nanoparticles
using Klebsiella pneumoniae. J. Nanostruct. Chem., Vol. 3.
10.1186/2193-8865-3-30.

23. Thakkar, K.N., S.S. Mhatre and R.Y. Parikh, 2010. Biological
synthesis of metallic nanoparticles. Nanomed. Nanotechnol.
Biol. Med., 6: 257-262.

24. Kumar,   N.,    R.K.    Singh,   S.K.   Mishra,   A.K.   Singh   and 
U.C. Pachouri, 2010. Isolation and screening of soil
Actinomycetes as source of antibiotics active against bacteria.
Int. J. Microbiol. Res., 2: 12-16.

25. Shanthi, J., A. Senthil, V. Gopikrishnan and R. Balagurunathan,
2015. Characterization of a potential $-lactamase inhibitory
metabolite from a marine Streptomyces sp. PM49 active
against multidrug-resistant Pathogens. Appl. Biochem.
Biotechnol., 175: 3696-3708.

26. Barabadi,  H.,  S.  Honary,   P.   Ebrahimi,   M.A.   Mohammadi,
A. Alizadeh and F. Naghibi, 2014. Microbial mediated
preparation, characterization and optimization of gold
nanoparticles. Braz. J. Microbiol., 45: 1493-1501.

27. Derakhshan, F.K., A. Dehnad and M. Salouti, 2012. Extracellular
biosynthesis of gold nanoparticles by metal resistance
bacteria: Streptomyces griseus. Synth. React. Inorg. Met.-Org.
Nano-Metal Chem., 42: 868-871.

69



Biotechnology, 21 (2): 65-70, 2022

28. Tikariha, S., S. Singh, S. Banerjee and A.S. Vidyarthi, 2012.
Biosynthesis of gold nanoparticles, scope and application: A
review. Int. J. Pharm. Sci. Res., 3: 1603-1615.

29. Husseiny, M.I., M.A. El-Aziz, Y. Badr and M.A. Mahmoud, 2007.
Biosynthesis of gold nanoparticles using Pseudomonas
aeruginosa. Spectrochimica Acta Part A: Mol. Biomol.
Spectrosc., 67: 1003-1006.

30. Gericke, M. and A. Pinches, 2006. Microbial production of gold
nanoparticles. Gold Bull., 39: 22-28.

31. Rai, K., S. Khadka and B. Shrestha, 2018. Actinomycetes:
Isolation, characterization and screening for antimicrobial
activity from different sites of Chitwan, Nepal. Int. J. Microbiol.
Biotechnol., 3: 25-30.

32. Lu, L., H.L. Cui, Y.N. Chen and S. Yuan, 2002. Isolation and
identification of Streptomyces sp. and assay of its exocellular
water-soluble blue pigments. Folia Microbiol., 47: 493-498.

33. Mayilraj, S., R.M. Kroppenstedt, K. Suresh and H.S. Saini,
2006. Kocuria himachalensis sp. nov., an actinobacterium
isolated from the Indian Himalayas. Int. J. Syst. Evol.
Microbiol., 56: 1971-1975.

34. Zawrah, M.F. and S.I.A. El-Moez, 2011. Antimicrobial activities
of gold nanoparticles against major foodborne pathogens.
Life Sci. J., 8: 37-44.

35. Philip, D., 2009. Biosynthesis of Au, Ag and Au-Ag
nanoparticles using edible mushroom extract. Spectrochim.
Acta Part A: Mol. Biomol. Spectrosc., 73: 374-374.

36. Usha,   R.,    E.    Prabu,    M.    Palaniswamy,    C.K.    Venil  and
R. Rajendran, 2010. Synthesis of metal oxide nano particles
by Streptomyces sp for development of antimicrobial textiles.
Global J. Biotechnol. Biochem., 5: 153-160.

37. Alipour, E., H. Ghourchian and S.M. Boutorabi, 2013. Gold
nanoparticle based capacitive immunosensor for detection of
hepatitis B surface antigen. Anal. Methods, 5: 4448-4453.

38. Sastry, M., A. Ahmad, M.I. Khan and R. Kumar, 2003.
Biosynthesis of metal nanoparticles using fungi and
actinomycetes. Curr. Sci., 85: 162-170.

39. Nakajima, A., 2003. Accumulation of gold by microorganisms.
World J. Microbiol. Biotechnol., 19: 369-374.

40. Sapkota, A., A. Thapa, A. Budhathoki, M. Sainju, P. Shrestha
and S. Aryal, 2020. Isolation, characterization and screening of
antimicrobial-producing  actinomycetes  from soil samples.
Int. J. Microbiol., Vol. 2020. 10.1155/2020/2716584.

70


	biotech.pdf
	Page 1




