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Extracellular gold nanoparticles mediated by Streptomyces tuirus DBZ39 were employed for their distinct 
characteristic properties and antimicrobial activities as a major objective of the present investigation. 
Defined size and distinct gold nanoparticles, obtained from biological sources in general and microbial 
sources in particular reveal spectacular biomedical applications. Scanning and Transmission Electron 
Micrographs, revealed the characteristic properties of extracellular gold nanoparticles in a controlled size 
of 24nm. X-ray diffraction analysis exhibits crystal phases of gold nanoparticles. Different materials 
including cotton, plastic and glass were used for coating with nanosolution and used to detect the 
antimicrobial activity against bacterial and fungal pathogens. An antimicrobial property of gold 
nanoparticles employing coated materials is a significant attribute. The antibacterial activity of gold 
nanoparticles was encouraging against gram negative bacterial pathogens E. coli and Pseudomonas 
aeruginosa, which can be explored further for their efficacy. The results suggest exploration of gold 
nanoparticles as a therapeutic agent in medical and pharmaceutical field.  
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INTRODUCTION 

Microbial nanotechnology is the science which 
deals with the use of microorganisms for the 
synthesis of nanoparticles. The interaction of 
microorganisms with certain minerals leads to the 
formation of nanosized materials. Thus, the 
employment of several microorganisms in the 
synthesis of nanoparticles is relatively a recent 
phenomenon and is the attractive field of 
research. Many microorganisms both unicellular 
and multicellular, which may be prokaryotes or 
eukaryotes are known to produce nanoparticles, 
either intra or extracellularly [Ahmad etal 2003b] 
with properties similar to chemically synthesized 

materials, while exercising strict control over size, 
shape and composition [Alt etal., 2004]. Several 
bacteria namely, E. coli, Pseudomonas, 
Lactobacillus, Fungi- Fusarium, Aspergillus, 
Penicillium fellutanum and Yeast- Saccharomyces 
sp are known to produce different nanoparticles 
[Bater etal., 2005; Mazhari etal., 2014; Mazhari 
etal., 2017]. Among actinomycetes, Rhodococcus 
sp. [Bruins etal., 2009], Thermomonospora sp. 
and Streptomyces sp. [Duran etal., 2007] were 
reported to produce nanoparticles. Even though 
many biotechnological applications, such as 
remediation of toxic metals employ 
microorganisms, such as bacteria [Fayaz etal., 
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2010], fungi [Jain and Pradeep, 2004] 
actinomycetes [Alt etal., 2004] and yeast [Jeong 
etl., 2005]. It is only recently that materials 
scientists have proposed microorganisms as 
possible eco-friendly nanofactories, for synthesis 
of nanoparticles [Kathiresan etal., 2009]. At the 
same time the biologically synthesizing gold 
nanoparticles has many applications includes 
catalysis in chemical   reactions [Kim etal., 2008] 
biolabelling, antimicrobial agent, electrical 
batteries [Kora etal., 2009] and optical receptors 
[Krolikowska etal., 2003].  Recently gold 
nanoparticles [Kumar et al., 2003] exhibiting 
antimicrobial activity have been synthesized. 
Antibacterial activity of the gold containing 
materials can be used, for example, in medicine to 
reduce infections in burn treatment and 
arthroplasmy [Lee et al., 2003] as well as to 
prevent bacteria colonization pancake on 
prostheses, catheters, vascular grafts, dental 
materials and sunscreen lotions [Li etal., 2006], 
stainless steel materials and human skin [Mandal 
et al., 2006]. Gold containing materials can be 
employed to eliminate microorganisms on textile 
fabrics [Mann etal., 1996] or they can be used for 
water treatment [Tripathi et al., 2010; Stephen et 
al., 1999]. Antifungal activity [Mehra etal., 1999], 
anti inflammatory [Murali et al., 2003], and 
antibacterial activity capable of killing about 650 
types of diseases causing microorganisms [Mann 
etal., 1996]. 

Although, a lot of information is available on 
the synthesis of metallic nanoparticles, literature 
on the antimicrobial activity of extracellular gold 
nanoparticles is little and the exploration of 
actinomycetes for the synthesis of nanoparticles is 
very meager. In view of this the present work is 
undertaken to explore the antimicrobial activity of 
gold nanoparticles 
  
MATERIALS AND METHODS 

Synthesis of gold nanoparticles by 
Streptomyces tuirus DBZ39 

An isolate of Streptomyces tuirus DBZ39 
obtained from limestone quarry soil earlier  
[Mazhari etal., 2014] was employed for the 
synthesis of extracellular gold nanoparticles, as 
per the standard protocol prescribed by [Murali et 
al., 2003]. The gold nanoparticles synthesized in 
the solution were visually confirmed by the 
development of deep purple color and UV-visible 
absorption spectrum in the range of 500-550nm. 
The gold nanoparticles produced were 
characterized by Transmission and Scanning 

electron microscopy [Bater etal., 2003] for their 
size, shape and dispersion and EDAX for 
elemental confirmation as per the standard 
protocols. 

Antimicrobial activity  
The antimicrobial activity of the extract 

containing gold nanoparticles was carried out by 
following well diffusion and disc diffusion methods 
[Navazi et al., 2010].    The antimicrobial activity, 
mainly antibacterial and antifungal activity of gold 
nanoparticles was carried out by employing the 
procedure as follows [Peto etal, 2002]. 

A) Antibacterial and Antifungal activity of Gold 
nanosolution 

The antibacterial activity [Raffi etal., 2008] of 
the solution of gold nanoparticles was carried out 
by well diffusion method against both Gram 
positive and Gram negative multidrug resistant 
pathogens such as Staphylococcus aureus, 
Escherichia coli, Salmonella typhi, Pseudomonas 
aeruginosa, Klebsiella pneumonia and Proteus 
vulgaris was carried out.  

The antifungal activity of gold nanoparticle 
solution was also carried out by well diffusion 
method as explained earlier.  Fungal pathogens 
namely Aspergillus niger, Fusarium oxysporum, 
Candida albicans and Cladosporium sp.  

C) Antibacterial and Antifungal activity of gold 
nano coated substances 

Antibacterial activities of goldnano coated 
substances were also carried out by following the 
procedure similar to the guide lines of antibacterial 
activity as mentioned earlier. Staphylococcus 
aureus and Pseudomonas aeruginosa were the 
two pathogens employed in the study. 

Adequate size of different materials such as 
cotton cloth, filter paper, cotton, polythene pieces 
and glass pieces were coated with gold 
nanoparticles by immersing them into 10 ml 
nanosilver solution for about 2 min. The 
antibacterial activity of coated and uncoated 
antibiotic discs (Vancomycin-30mg, Norfloxacin-
10mg, Imipenin-10mg, Chloramphenicol-30mg, 
Polymixin b-30mg, Ceftazidime-30mg, 
Amoxycillin-30mg) with gold nano solution was 
also assessed [SAdhasivan etal., 2010; Shahverdi 
etal., 2007; Stephen etal., 1999; Taylor etal., 
2005]. 

Antifungal activity of goldnano coated 
substances as mentioned earlier was also carried 
out against Fusarium oxysporum [Tripathi etal., 
2010].  
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RESULTS AND DISCUSSION 

The interactions between metals and 
microorganisms has been well documented. 
Among microorganisms, actinomycetes are 
considered as best nanofactories as they possess 
dual characteristics of bacteria and fungi.  Several 

actinomycetes are known to produce various 
bioactive molecules such as enzymes, antibiotics 
and other variety of secondary metabolites.  
Recently, they are regarded as producers of 
bionanomaterials.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure1: Antibacterial activity of gold nanoparticles synthesized by  S. tuirus on S. aureus 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Antibacterial activity of Gold nanoparticles synthesized by                
                       S. tuirus on E. coli 
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Figure 3: Antibacterial activity of gold nanoparticles synthesized by                

                       S. tuirus on S. typhi  
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: Antibacterial activity of gold nanoparticles synthesized by                
                       S. tuirus on Pseudomonas aeruginosa    
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Figure 5: Antibacterial activity of gold nanoparticles synthesized by                
                       S. tuirus on Klebsiella pneumoniae 

 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6: Antibacterial activity of gold nanoparticles synthesized by                
                       S. tuirus on Proteus vulgaris 
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Figure7: Antifungal activity of gold nanoparticles synthesized by                   

           S. tuirus on Aspergillus niger  
 
 

 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Antifungal activity of gold nanoparticles synthesized by                   
                       S. tuirus on Fusarium sp 
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Figure 9 : Antifungal activity of gold nanoparticles synthesized by                   
                       S. tuirus on Cladosporium sp.    

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10: Antifungal activity of gold nanoparticles synthesized by                   
                       S. tuirus on Candida albicans     
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Control                                                     Test sample 
 

Figure 11: Antibacterial activity of gold nanoparticles coated plastic against S.aureus 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Control                                                     Test sample 
Figure 12: Antibacterial activity of gold nanoparticles coated glass piece against S. aureus 
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Control                                                     Test sample 

Figure 13: Antibacterial activity of gold nanoparticles coated cotton against S. aureus 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Control                                                     Test sample 
Figure14: Antibacterial activity of gold nanoparticles coated cloth against S. aureus 

 
 
 
 
 
 
 



Mazhari et al.                                    Antimicrobial Activity of Streptomyces mediated gold nanoparticles 

 

    Bioscience Research, 2020 volume 17(3): 1682-1696                                                             1691 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Control                                                     Test sample 
Figure 15: Antibacterial activity of gold nanoparticles coated filter paper against S. aureus 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Control                                                     Test sample 
Figure 16: Antibacterial activity of gold nanoparticles coated antibiotics against S.aureus 
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Control                                                     Test sample 
Figure 17: Antifungal activity of gold nanoparticles coated glass piece against Fusarium sp 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Control                                                     Test sample 

Figure 18: Antifungal activity of gold nanoparticles coated cotton against Fusarium sp. 
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Control                                                     Test sample 

Figure19: Antifungal activity of gold nanoparticles coated cotton cloth against Fusarium sp. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Control                                                     Test sample 

 
Figure 20: Antifungal activity of gold nanoparticles coated filter paper against Fusarium sp. 
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Control                                                     Test sample 

Fig. 21: Antifungal activity of gold nanoparticles coated plastic  against Fusarium sp. 
 

The genus Streptomyces being one of the 
major antibiotic producers among the 
actinomycetes is a wide and major known 
organism.  

Gold nanoparticles have gained much 
popularity recently, owing to the broad spectrum 
of antimicrobial activity, wound dressings and 
contraceptive devices. Thus, gold nanoparticles 
are becoming more and more widespread use in 
medicine and related applications. The 
antimicrobial activity of gold nanoparticles 
synthesized by Streptomyces tuirus DBZ39 was 
carried out against few Gram positive, Gram 
negative bacterial pathogens and few fungal 
pathogens.  The antibacterial activities of gold 
nanoparticles are as presented in Figure 1 to 6.  
The antibacterial activity of gold nanoparticles 
against both Gram positive and Gram negative 
bacterial pathogens is considerably great when 
compared to the zone of inhibition with the 
standard prescribed synthetic antibiotics. 
However, from among the tested bacterial 
pathogens S. aureus (Fig. 1) and E. coli (Fig. 2) 
were more affected with the gold nanoparticles to 
a greater extend, when compared to other 
bacterial pathogens. Proteus vulgaris (Fig.6) and 
Klebsiella pneumonia (Fig. 5) were least affected. 
Salmonella typhi (Fig.3) and Pseudomonas 
aeuroginosa (Fig.4) which are known to be the 
potential human pathogens were also affected by 
the gold nanoparticles. These observations 

required to be explored further for the use of gold 
nanoparticles as antibacterial therapeutic agents 
specifically.  

The antifungal activities of gold nanoparticles 
synthesized by Streptomyces tuirus DBZ39 are as 
presented in Figure 7 to 10 against Aspergillus 
niger, Fusarium sps., Cladosporium sps., and 
Candida albicans respectively. The efficacy of 
gold nanoparticles is reported to be very high 
against Fusarium sps. (Fig. 8) and Candida 
albicans (Fig. 10) in comparison with the other two 
fungal pathogens.   

The surface application of the solution of gold 
nanoparticles as antimicrobial agents against 
bacterial and fungal infections is not an 
uncommon practice.  In view of this, various inert 
materials were employed with the coating of gold 
nanoparticles to study the antimicrobial activity.  
The antibacterial activity of S. aurues employing 
gold nano coated plastic piece (Fig. 11), glass 
piece (Fig. 12), cotton piece (Fig. 13), cloth piece 
(Fig. 14) and filter paper piece (Fig. 15) were 
observed and compared with the antibacterial 
activity of gold nano coated antibiotic discs (Fig. 
16). Results clearly reveals that, none of the gold 
nano coated materials were efficient enough when 
composed to gold nano coated antibiotics. 
However, the coated materials did exhibit the 
antibacterial properties showing the zone of 
inhibition when compared with the control.  
Similarly, the antifungal activity using Fusairum 
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sps., with different gold nano coated materials 
was also carried out and the results are as 
presented in Figure 17 to 21. However, the 
observations were almost similar with that of the 
antibacterial properties.   

CONCLUSION 
Exploration of antimicrobial activity of gold 

nanoparticles proved to be quite potential. 
Antibacterial attributes of gold nanoparticles were 
significant when compared witg syntetic 
antibiotics. S.aureus and E.coli showed greatest 
sensitivity to gold nanoparticles whereas S.typi 
and Pseudomonas aeruginosa showed resistivity 
to gold nanoparticles. Cladosporium sps. and 
Aspergillus niger were resistant to gold 
nanoparticles compared to Fusarium and Candida 
albicans. Gold nanoparticles coated inert 
materials including plastic, filter paper, cotton and 
glass were not efficient enough to show the 
antimicrobial activity compared to gold 
nanocoated antibiotics. Therefore these 
observations can be considered for the 
exploration of gold coated antibiotics as a 
powerful weapon for topical and therapeutic 
agents in the field of medical and pharmaceutical 
sciences.. 
 
CONFLICT OF INTEREST 

The authors declared that present study was 
performed in absence of any conflict of interest. 
 
ACKNOWLEGEMENT 

The First author is very much thankful to Prof. 
Dayanand Agsar, for supporting to carry out the 
research at A-DBT Research Laboratory, GUG, 
India. 
 
AUTHOR CONTRIBUTIONS 
All authors are equally contributed in performing 
the experimental part and participated in writing 
the manuscript and submission. 
 

Copyrights: © 2020@ author (s).  
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not comply 
with these terms. 

 
REFERENCES   
Ahmad, A., Senapati, S., Khan, M. I., Kumar, R. 

and Sastry, M., 2003b. Extracellular 
biosynthesis of monodisperse gold 
nanoparticles by a novel extremophilic 
actinomycete, Thermomonospora sp. 
Langmuir.              19: 3550-3553. 

Alt, V., Bechert, T., Steinrucke, P., Wagener, M., 
Seidel, P., Dingeldein, E., Domann, E. and 
Schnettler, R., 2004. Biomaterials, 
25(18):4383.  

Baker, C., Pradhan, A., Pakstis, L., Pochan, D. J. 
and Shah, S. I., 2005. Synthesis and 
antibacterial properties of silver 
nanoparticles. J. Nano Sci. Technol., 5:244-
9.  

Bi Bi Zainab Mazhari and Dayanand Agsar; 
Synthesis, characterization and antimicrobial 
attributes of gold nanoparticles mediated by 
NADH-dependent nitrate reductase of 
Streptomyces sp. DBZ-39. JPAM, 2014 

Bi Bi Zainab Mazhari, Dayanand Agsar and 
M.V.N. Ambika Prasad; Development of 
paper biosensor for the detection of phenol 
from industrial effluents using bioconjugate of 
Tyr-AuNps mediated by novel isolate 
Streptomyces tuirus DBZ39- Journal of 
nanomaterials Volume 2017, Article 
ID 1352134, 8, 
doi.org/10.1155/2017/1352134 

Bruins, R. M., Kapil, S. and Oehme, S. W., 2009. 
Microbial resistance to metal in the 
environment. Ecotoxicol Environ. Saf., 45: 
198-207.  

Duran, N., Marcato, P. D., De Souza, G. I. H., 
Alves, O. L., Esposito, E., 2007. Antibacterial 
effect of silver nanoparticles produced by 
fungal process on textile fabrics and their 
effluent treatment. J. Biomed. Nanotechnol.,             
3: 203-208. 

Fayaz, A. M., Balaji, K., Girilal, M., Yadav, R., 
Kalaichelvan, P. T. and Venkatesan, R., 
2010. Biogenic synthesis of silver 
nanoparticles and their synergistic effect with 
antibiotics: a study against gram – positive 
and negative bacteria. Nanomedicine: 
Nanotechnology, Biology and Medicine, 
6:103-109. 

Jain, P. and Pradeep, T., 2004.  Potential of silver 
nanoparticles – coated polyurethane foam as 
an antibacterial water filter. Biotechnology 
and Bioengineering, 90(1): 59-63.  

Jeong, S. H., Yeo, S. Y. and Yi, S. C., 2005. 
Mater. Sci., 40:5407. Journal of Pure and 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2017/1352134


Mazhari et al.                                    Antimicrobial Activity of Streptomyces mediated gold nanoparticles 

 

    Bioscience Research, 2020 volume 17(3): 1682-1696                                                             1696 

 

Applied Microbiology (2014), Vol. 8(4): 3171-
3177 

Kathiresan, K., Manivannan, S., Nabeel, M. A. 
and Dhivya, B., 2009. Studies on silver 
nanoparticles synthesized by a marine 
fungus, Penicillium fellutanum isolated from 
coastal mangrove sediment. Colloids and 
Surfaces B: Biointerfaces. 71 (1): 133-137. 

Kim, K. J., Sung, W. S., Moon, S. K., Choi, J. S., 
Kim, J. G., Lee, D. G., 2008. Antifungal 
effects of silver nanoparticles on 
dermatophytes. J. Microbiol. Biotechnol., 18: 
1482-1484.  

Kora, A. J., Manjusha, R., Arunachalam, J., 2009. 
Superior bactericidal activity of SDS capped 
silver nanoparticles: synthesis and 
characterization.  Materials Science and 
Engineering, C., 29: 2104-2109.  

Krolikowska, A., Kudelski, A., Michota, A., 
Bukowska, J., 2003. SERS studies on the 
structure of thioglycolic acid monolayers on 
silver and gold. Surf. Sci., 532: 227-232. 

Kumar, A., Mandal, S., Selvakannan, P.R., 
Parishcha, R., Mandale, A. B., Sastry, M., 
2003. Investigation into the interaction 
between surface- bound alkylamine and gold 
nanoparticles. Langmuir, 19: 6277-6282. 

Lee, H. J., Yeo, S. Y. and Jeong, S. H., 2003.  J. 
Mater. Sci., 38(10): 2199.  

Li, Y., Leung, P., Yao, L., Song, Q. W. and 
Newton, E., 2006.  Antimicrobial effect of 
surgical masks coated with nanoparticles.  
Journal of Hospital Infections, 62: 58-63.  

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

Mann, S., Ozin, G. A., 1996. Synthesis of 
inorganic materials with complex form, 
Nature, 382: 313-318.  

Mehra, R. K., Winge, D. R., 1999. Metal ions 
resistance in fungi: molecular mechanisms 
and their regulated expression. J. Cell. 
Biochem, 45: 30-40. 

Murali Sastry, Absar Ahmad, Islam Khan, M. and 
Rajiv Kumar, 2003.  Biosynthesis of metal 
nanoparticles using fungi and actinomycete.  
Current Science, 85(2):162-169. 

Natarajan, K., Selvaraj, S. and Murty, V. R., 2010. 
Microbial production of silver nanoparticles. 
Digest Journal of Nanomaterials and 
Biostructures,            5 (1): 135-140. 

Navazi, Z. R., Pazouki, M. and Halek, F. S., 2010. 
Investigation of culture conditions for 

biosynthesis of silver nanoparticles using 
Apergillus fumigatus. Iranian Journal of 
Biotechnology. 8 (1): 56-61. 

Peto, G., Molnar, G. L., Paszti, Z., Geszi, O., 
Beck, A., Guezi, L., 2002. Electronic 
structure of gold nanoparticles deposited on 
SiOX/ Si (100). Mater Sci Eng. C. 19: 95-99. 

Raffi, M., Hussain, F., Bhatti, T. M., Akhter, J. I., 
Hameed, A. and Hasan, M. M., 2008. 
Antibacterial characterization of silver nano 
particles against E. coli ATCC-15224. J. 
Mater. Sci. Technol., 24(2):192-196.  

Sadhasivam, S., Shanmugam, P. and Yun, K., 
2010. Biosynthesis of silver nanoparticles by 
Streptomyces hygroscopicus and 
antimicrobial activity against medically 
important pathogenic microorganisms. 
Colloids and Surfaces B: Biointerfaces. 54: 
65-75.  

Shahverdi, A. R., Fakhimi, A., Shahverdi, H. R., 
Minaeian, S., 2007. Synthesis and effect of 
silver nanoparticles on the antibacterial 
activity of different antibiotics against 
Staphylococcus auerus and Esherichia coli 
Nanomedicine: Nanotechnology, Biology and 
Medicine, 3: 168-171. 

Stephen, J. R., Macnaughton, S. J., 1999. 
Development in terrestrial bacterial 
remediation of metals. Curr. Opin. 
Biotechnol., 10: 230-233. 

Taylor, P. L., Ussher, A. L. and Burrell, D., 2005. 
J. Hosp. In-fect., 26(35): 7221.  

Tripathi, R. M., Saxsena, A., Gupta, N., Kapoor, 
H., Singh, R. P., 2010.  High antibacterial 
activity of silver nanoballs against E. Coli 
MTCC 1302, S. typhimurium MTCC 1254, B. 
subtilis MTCC 1133 and P. aeruginosa 
MTCC 2295. Digest Journal of Nanomateials 
and Biostructures, 5(2): 323-330.  

 
 


