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The ever-increasing emergence of drug resistant Gram positive Enterococcus 
sp is a major health concern globally for therapeutic options to the existing 
antimicrobial compounds. In the present study we describe one-pot green synthesis of 
antimicrobial silver nanoparticles (AgNPs) using the cell free supernatant (CFS) of an 
endophytic Streptomyces sp BDUSMP R07.  The UV-visible spectroscopy (UV-vis) 
absorption of colloidal AgNPs showed a surface plasma resonance (SPR) centered at 
425 nm.  The synthesized AgNPs were further characterized by Fourier Transform 
Infra-red spectroscopy (FTIR), Energy dispersive X-ray (EDAX) and X-ray 
diffraction (XRD) analysis. Dynamic light scattering (DLS) analysis revealed 
particles with an average diameter of 125.8 nm. Transmission Electron Microscopic 
(TEM) study showed the size of the nanoparticles to be in the range of 20- 48 nm with 
spherical shape. Zeta potential analysis indicated - 36.5 mV characteristic for stable 
AgNPs. Biosynthesized AgNPs from CFS (5%) showed significant antimicrobial 
activity against Gram positive E. faecalis irrespective of whether the strain is drug 
resistant or non- drug resistant. The results suggest that Streptomyces sp BDUSMP 
R07 could be exploited for the fabrication of AgNPs with potential therapeutic 
applications in nanomedicine especially for Enterococcus infections. 

 
KEYWORDS: Endophytic Streptomyces, extracellular biosynthesis, AgNPs, drug 
resistance, antibacterial activity. 
 
Introduction     

Endophytic Streptomyces inhabit the internal tissues of plants are still 
relatively untapped source of microorganisms in bio nanotechnology. Recently they 
have been engrossed as a novel source for the isolation of new biologically active 
compounds (Liu et al., 2013). Gram positive Enterococcus spp. has been reported as 
the third most common cause of nosocomial infections (Billstrom et al., 2008). The 
ability of acquired antimicrobial resistance determinants by Enterococcus spp makes a 
challenging task for the treatment (Starikova et al., 2013). Thus, the global 
resurrection of multi resistant Enterococcus species worsening the clinical scenario 
prompted essential need in the development of effective antibacterial agents. 
 

It has been reported that free silver ion (Ag+) is highly toxic to bacteria. The 
beneficial effects of silver nanoparticles have been reported in antimicrobial 
applications, (Binupriya et al., 2009) antiviral (Elichiguerra et al., 2005), 

Abstract 
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microelectronics (Thakkar et al., 2010), and catalysis (Zhai et al., 2006). Albeit the 
applications of AgNPs have become increased in diverse fields, the mechanism of 
actions for antimicrobial agents is still indistinct. Many mechanisms have been 
proposed for AgNPs as antimicrobial agents such as the interaction of Ag+ with 
cysteine of target proteins resulting in loss of K+ from the cellular membrane leading 
to respiratory damage and growth retardation (Chamakura et al., 2011). Enhanced 
antimicrobial activity with a high surface/mass ratio due to high concentration of Ag+ 
in cell surroundings has also been reported (Wigginton et al., 2010).  

 
Nonetheless, the toxic and expensive hazardous chemical mediated synthesis 

of AgNPs necessitates the ecofriendly and simple methods. Consequently in the last 
decade the biological mode of synthesis of AgNPs has attracted increasing attention 
(Binupriya et al., 2009). Extracellular biosynthesis of AgNPs from novel source of 
microorganisms is relatively easier and cost effective for industrial downstream 
processing (Binupriya et al., 2009). 
 

Solanum trilobatum (Thuthuvalai) is a creeper medicinal herbal plant with 
small thorns on its leaves present predominantly in Southeast Asia. S. trilobatum is 
well known for its curative effect on respiratory ailments of cough, cold and digestive 
disorders in traditional Siddha medicine. It is evident that S. trilobatum is known to 
posses various phytochemical bioactive molecules having antioxidant, 
hepatoprotective, antimicrobial, antitumor and anti-ulcerogenic activity (Swapna 
Latha et al., 2006) .  

 
To the best of our knowledge, there are no reports on biosynthesis of AgNPs 

using an endophytic Streptomyces sp. Hence this study focuses on isolation of 
Streptomyces sp BDUSMP R07 from the root of S. trilobatum, polyphasic 
taxonomical characterization and devising a technique for biosynthesis of AgNPs by 
extracellular method. The biosynthesized AgNPs were characterized using UV–
visible spectroscopy, FTIR, XRD, EDAX, zeta potential, DLS and TEM. The 
antimicrobial activity was evaluated against clinical isolate of multi drug resistant 
gram positive E. faecalis and non drug- resistant E. faecalis MTCC 439. 
 
Methods 
Test bacterial strains  

A pure culture of multi drug resistance test bacterial strain of E. faecalis was 
obtained from Doctors Diagnostic Center, Tiruchirappalli, Tamil Nadu, India. The 
strain was found to be having resistant to all fluroquinolone groups of antibiotics, 
cephalosporins, penicillin group and aminoglycosides. But the strain was found to be 
sensitive to Vancomycin, Linezolid, Teicoplanin and Doxycycline. Non- drug 
resistant E. faecalis MTCC 439 was procured from Microbial Type Culture 
Collection, IMTECH, India. All test strains were cultured at 37 ◦C in Luria broth or on 
Luria agar. 
 
Collection of plant material  

Healthy plant (stem, leaf and root parts) of S.trilobatum was collected in 
plastic bags from foothills of Kolli Malai Mountains, Tamil Nadu, India (Latitude: 
10°12′ - 11°7 ′ N, longitude: 76°-77°17′ E) and stored at 4 ◦C. Samples were 
processed within 24 h of collection.  
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Isolation of endophytic actinomycetes 
Surface sterilization of plant roots was performed as described by a previous 

method (verma et al., 2009)  for the isolation of endophytic actinomycetes on humic 
acid-vitamin agar (HV) medium(Hayakawa and Ohara 1987)  appended with 
antibiotics cycloheximide (25 µg/ml), nystatin (25 µg/ml) and nalidixic acid (20 
µg/ml). The plates were incubated at 28 °C for three weeks. Colonies were observed 
for various features such as tough leathery texture, dry or folded appearance and 
branching filaments with or without aerial mycelia (Mincer et al., 2002). Isolated 
colonies were subcultured on ISP4 media (HI MEDIA Labs, India) by repeated 
streaking. Isolates were stored on ISP2 media as slants at 4 ◦C. Mycelia were stored at 
-80 ◦C in 50% (v/v) glycerol for long term use. Surface sterilization procedure was 
validated according to the method described by Goudjal to ensure the isolates were 
endophytic (Goudjal et al., 2013).  
 
Identification of endophytic actinomycetes 

Biochemical and morphological characterization was done by the methods 
described by Shirling & Gottlieb. General Morphology was observed by light 
microscope.  Spore surface morphology was analysed using scanning electron 
microscopy (SEM model, JEOL-JSM 6390, Japan). Minimal media containing M9 
salts was used to study the utilization of different carbon and nitrogen sources (Miller 
1992). Cultural characteristics were studied at 28 °C on different media including 
ISP2, ISP3, ISP4, ISP5, ISP6 and ISP7 employing the methods of International 
Streptomyces project (ISP). Analysis of color pattern of the aerial and substrate 
mycelia were performed according to colour chips using the ISCC-NBS Color Charts 
Standard no. 2106 (Kelly 1964). Diaminopimelic acid of the cell- wall of the isolate 
was carried out using a previously described method (Hasegawa et al., 1983). 
Genomic DNA was isolated according to the method described by Hopwood 
(Hopwood et al., 1985). PCR amplification of 16S rRNA and Partial RNA 
polymerase β -subunit gene (rpoB) (Kim  et al., 2004)  was  carried out using the 
primer pairs of 27F 5’- AGAGTTTGATCMTGGCTCAG-3’ and 1492R 5’- 
GGTTACCTTGTTACGACTT-3’.; SRPOF1 5’-TCG ACC ACT TCG GCA ACC 
GC-3’ and SRPOR1 5’-TCG ATC GGG CAC ATG CGG CC-3’ respectively. PCR 
was performed in a final volume of 50 µl containing 0.5 µM of each primer, 1µl of 
extracted DNA, 23 µl of sterile distilled H2O, and 10% (v/v) of DMSO to the final 
volume in PCR premix (Emerald, Takara, Japan). Amplifications were performed in a 
thermal cycler (Eppendorf, Germany).  The amplified PCR product was analyzed by 
electrophoresis in 0.8 % (w/v) agarose gel and purified by DNA extraction kit 
(Quiagen, India). The 16S rDNA and rpoB sequencing was performed by Eurofins 
Genomics India Pvt Ltd., India. BLAST network services at the NCBI were used to 
analyse the resulting DNA sequences. CLUSTAL_X version 1.8 (Thompson et al., 
1997; Saitu et al., 1987) was used for multiple alignments with the reference 
sequences of genus Streptomyces retrieved from GenBank. The phylogenetic tree was 
constructed using the Neighbor-joining method with MEGA 6.0 software package 
(Thompson et al 2011). Jukes and Cantor model was used to generate the evolutionary 
distance matrix (Jukes and Cantor 1969). The unrooted tree topology was evaluated 
by bootstrap analysis based on 1000 resamplings (Felsenstein 1985). 

 
Culture conditions 

The isolate BDUSMP R07 was grown in modified ISP2 medium (pH 6.8) for 
7 days at 28 °C in an orbital shaker at 220 rpm. Cell free supernatant was obtained by 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN2249-9598, Volume-IV, Issue-IV, July-Aug 2014   

 

 
w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8  
 

Page 76 

centrifugation at 4 °C, 10,000 rpm for 15 minutes and filtered through 0.2 µm 
Polyethersulfone (PES) syringe filters (Sartorius Minisart® high flow Syringe Filters) 

 
Endophytic Streptomyces mediated biosynthesis of AgNPs  

For synthesis of AgNPs, 5 ml of culture supernatant was blended with 95 ml 
of 1 mM aqueous silver nitrate (Qualigens – 99.8%) solution.  The reaction mixture 
was incubated at 30 ◦C in dark condition for 120 h. For the positive control AgNPs, 
chemical mediated synthesis was performed with 1 mM Silver oxide as substrate 
(LOBA Chemie – 97%) and 1% glucose as reductant (Qualigens – 98.9%) (Antony JJ 
et al., 2011). 
 
Characterization of Biosynthesized AgNPs 

The UV–visible spectrometric measurements were carried out on ELICO 
double beam equipment (Model Lambda 35) in the wavelength range of 300–600 nm 
range. FTIR analysis was performed on a Spectrum RX 1-One instrument in the 
diffuse reflectance mode at a resolution of 4 cm−1 in KBr pellets. The wavelength 
interval of 4000 and 400 cm−1 was used to record the spectra. XRD measurements of 
the biosynthesized AgNPs were carried out on X-ray diffractometer (XRD-600, 
Shimadzu, Japan) instrument operating at a voltage of 40 kV and current of 30 mA 
with Cu K (α) radiation to determine the crystalline phase. EDAX analysis was 
performed on a scanning electron microscope (SEM model, JEOL-JSM 6390, Japan) 
attached with an EDAX detector to confirm the microbe mediated biosynthesised 
AgNPs. EDAX spectrum was measured at 20 kV accelerating voltage. To determine 
the size of the AgNPs, TEM measurements were performed on a Tecnai 10 instrument 
operating at an accelerating voltage of 120 keV at 500 nm scales. The zeta potential of 
the AgNPs was performed on Malvern Zetasizer Nanoseries compact scattering 
spectrometer (Malvern Instruments Ltd, Malvern, UK). Dynamic light scattering 
(DLS) was carried out using a Malvern Zetasizer Nanoseries compact scattering 
spectrometer (Malvern Instruments Ltd., Malvern, UK) 
 
Antibacterial activity of AgNPs 

Antimicrobial activity was tested for synthesized AgNPs and CFS against non 
–drug resistant E. faecalis MTCC 439 and multi drug resistant E. faecalis on Luria - 
Bertani (LB) agar plate using disc diffusion method.  Zone of inhibition (ZoI) in 
millimetres was measured using a vernier calliper to study the growth inhibition of 
bacterial pathogens. Sterile standard antibiotic discs with diameter of 6 mm were 
purchased from HI MEDIA Laboratories, India. 60 µl of test samples were loaded on 
the sterile disc and air dried completely. LB agar was spread plated about 106 CFU/ml 
of test pathogens, impregnated with the sample loaded disks incubated at 37 ◦C for 18 
h and ZoI was measured after incubation.  
 
Results and discussion 
Isolation and characterization of endophytic actinomycete strain 

Actinomycetes colonies were isolated on humic acid-vitamin agar (HV) agar 
medium after three weeks of incubation based on hyphal growth, convex and margin 
appearance (Mincer et al., 2002). Surface sterilization procedures demonstrated that 
the isolate treated with sterilizing solutions failed to grow on HV agar medium. In 
addition, surface sterilized wash solutions produced no microbial growth on the same 
medium. It denotes that the isolate was undeniably an endophytic, not epiphytic. 
Results of the cultural, biochemical characterization, carbon- and nitrogen- source 
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utilization tests were given in (Table 1). Light microscopic observation showed well 
branched aerial hyphae (data not shown). Scanning electron microscopy images 
revealed that the isolate forms an extensively branched substrate mycelium and aerial 
hyphae which differentiated into smooth surfaced spores. (Figure 1A, B). 
Chemotaxonomic analysis showed that the cell wall of the isolate contained LL-
diaminopimelic acid (cell- wall type I) which is characteristic of the genus 
Streptomyces (Data not shown).27 Phylogenetic analysis of the 16S rDNA gene 
sequence (1390 bp) by BLASTN authenticated that the isolate could belong to the 
genus Streptomyces. It has been reported that the protein-encoding genes confer 
higher resolution than 16S rDNA gene sequence.28 Therefore, to support the 
polyphasic taxonomic approach based on protein-encoding gene of RNA polymerase 
b-subunit gene (rpoB), a 306 bp was sequenced for the isolate. Comparison of the 
partial gene sequence in accordance with Bum-Joon Kim et al., revealed that this 
isolate could be phylogenetically related to endophytic Streptomyces. DNA sequences 
have been deposited in GenBank database under Accession No. KF918267; 
KF918277. Based on polyphasic taxonomical characterization the strain was named 
as an endophytic Streptomyces sp. BDUSMP R07. (Figure 2A, B). 
  
Endophytic Streptomyces mediated synthesis of silver nanoparticles 

The colourless solution of silver nitrate and CFS (5%) turned into yellow color 
within 30 h of incubation indicating the formation of silver nanoparticles (Figure 3A). 
The color intensity was gradually increased during the course of incubation time 
resulting in higher production of AgNPs with the availability of reductant in the cell 
free supernatant (Sadhasivam et al., 2010). No color change was observed in aqueous 
AgNO3 incubated without CFS under the same conditions (Figure 3A). There have 
been reports on possible reasons behind the formation of metal nanoparticles by 
microorganisms, albeit the exact mechanism for the bioreduction of Ag+ to Ag0 has 
not yet been elucidated. It has been reported that enzymatic process might be involved 
in the formation of metal nanoparticles by actinomycetes (Ahmad et al., 2003). The 
possible role of small proteins in the culture supernatant has also been documented in 
the formation of metal nanoparticles (Malhotra et al., 2013). It is evident that NADH-
dependent enzymes play a vital role as an electron carrier in the biosynthetic and 
biotransformation processes (Chun et al., 2006).  Secondary metabolites might also be 
involved in the synthesis of AgNPs (Sadhasivam et al., 2010). 
  
Characterization of AgNPs 

In agreement with a past report, the change of color to yellow in the reaction 
mixture might be due to the excitation of surface plasmon resonance (SPR) for the 
synthesized AgNPs by the reduction of AgNO3.

33 The UV–visible spectra showed a 
well observable major and broad peak at 425 nm ascribed to the characteristic 
wavelength of AgNPs. In addition, it was also noted that increase in absorbance with 
increasing time. No shift in the absorbance peak level at 425 nm was observed at 
different time intervals indicating the formation of AgNPs with similar size and 
shapes (Wei et al., 2012). (Figure 3B). FTIR measurements showed intense bands at 
3774 cm−1, 3441 cm−1, 2361 cm−1, 2079 cm−1, 1635 cm−1, 1380 cm−1, and 667 cm−1 

(Figure 3C) . The peak at 1380 cm−1 may correspond to the C-N stretching vibration 
of aromatic amines (Shangi and Verma 2009). It has been reported that the spectrum 
between 3300 - 3500 cm−1 characteristic to the N-H stretching (Jin and Bai 2002). In 
line with those previous report the peak observed at 3441 cm−1 could be attributed to 
free N- H (primary amine). The peak at 1635 cm−1 may correspond to the - C = C- 
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vibrations of amide I bond (Singhal et al., 2011). The spectrum around 2361 cm−1 

could be assigned to N-H or C=O and C-H stretching vibrations (Gan et al., 2012). 
Thus the FTIR analysis suggested the presence of proteins in the CFS. Previous study 
has also been reported that proteins in the CFS might be involved in capping of 
AgNPs (Sivalingam et al., 2012). Similarly the present study suggested that proteins 
present in the CFS might have capped and stabilized the synthesized AgNPs. EDAX 
spectrum analysis (Figure 4A) confirmed the presence of nano - sized metallic silver 
with the intensive absorption spectrum at 3 keV (Magudapathy et al., 2001). It has 
been reported that the zeta (ζ) potential at ± 30 mV as theoretical limit or greater than 
± 30 mV considered for the stability of nanoparticles in the colloidal suspension (Eby 
et al., 2009). The zeta potential for the biosynthesized AgNPs was determined to be -
36.5 mV (Figure 5B) indicating that the surface of the nanoparticles was highly 
negatively charged. It is evident that negatively charged nanoparticles attribute to 
electrostatic repulsive forces between the nanoparticles prevent from aggregation 
(Sathishkumar et al., 2009). In agreement with an absolute high zeta potential, in this 
study the AgNPs were found to be highly stable even after five months without any 
precipitation and exhibited significant antimicrobial activity against test strains. DLS 
measurement revealed that the average particle size of AgNPs was 125.8 nm (Figure 
5A).   It has been reported that DLS is a sensitive method for the detection of protein 
capped nanoparticles due to agglomeration associated with large sized particles 
(Cumberland et al., 2009). It has also been documented that in DLS measurement the 
formation of electrical double layer on charged particles resulting in overlap and 
interference (Malhotra et al., 2013). Considering this issue, TEM analysis proved an 
alternative method to predict the size of nanoparticles precisely due to no aggregation 
(Sathishkumar et al., 2009).  TEM micrograph analysis revealed the size of AgNPs in 
the range of 20 – 46 nm (Figure 5C).   The shape of AgNPs was mainly spherical in 
shape common to microbial mediated synthesis (Wei et al., 2012; Sivalingam et al., 
2012). X-ray diffraction patterns for the AgNPs synthesized using CFS of 
Streptomyces sp BDUSMP R07 are shown in figure (Figure 4B). XRD analysis 
revealed diffraction peaks in the spectra at 2θ values of 38.4, 44.7, 64.7, 77.1 
attributed to (111), (200), (220), (311) Bragg’s reflection, respectively (JCPDS No. 
03-0921). In addition a diffraction peak at (103) 57.7 (JCPD No. 41- 1402) indicate 
the hexagonal phase of AgNPs (Sathishkumar et al., 2009). It was also noticed that a 
spectra at 2θ values of 32.5 (PDF 76-1489) correspond to (111) AgO (Sanghi and 
Verma 2009). Thus XRD analysis showed that biosynthesized AgNPs were the unit 
cell of the face-centered cubic structure corresponding to silver nanocrystals and 
biphasic in nature.  Furthermore we also observed an unassigned peak at 28.05 which 
may correspond to the crystallization of proteins or secondary metabolites present in 
the CFS (Gan et al., 2012). 
 
Antimicrobial activity of AgNPs 

The cell wall layer of peptidoglycan in gram positive bacteria poses great 
challenge for antimicrobial therapy and on drug resistance of same facet are still 
problematic. Therefore, in the present study biosynthesized AgNPs was tested for 
growth inhibition of Gram positive non – drug resistant E. faecalis MTCC 439 and 
drug resistant E. faecalis by measuring the clear zone of inhibition after 18 h 
incubation at 37 °C on LB agar plate. CFS did not show clear visible zones against 
multi resistant E. faecalis strain where as it showed significant Zone of inhibition 
against E. faecalis MTCC 439. It implies that CFS of Streptomyces sp BDUSMP R07 
contains secondary metabolites that could exert antibacterial activity. It was noted that 
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AgNPs fabricated from CFS (5%) showed enhanced antibacterial activity than AgNPs 
synthesized using silver oxide (positive control) against test strains. Biosynthesized 
AgNPs have shown 0.6 – 0.63 fold increase for drug resistant and non – drug resistant 
strains respectively compared to positive control and 1 fold to CFS to the non – drug 
resistant E.faecalis MTCC 439 as indicated by the ZoI (Figure 6 and Table 2). A 
previous study reported that AgNPs combined with commercial antibiotics lead to 
enhanced antimicrobial activity (Shahverdi et al., 2007). Our study is in agreement 
with previous report that the secondary metabolites present in the CSF might have 
capped on the surface of the nanoparticle could possibly be responsible for 
antimicrobial activity for both test strains. There are reports on the possible 
mechanism of AgNPs with regard to antimicrobial activity proposed in the recent 
past. AgNPs have been reported to cause toxicity to the bacterial cell by physical 
process of disrupting cell membrane and penetration into the cytoplasm (Sondi et al., 
2004; Zhang et al., 2008). Silver is known to have interact with thiol groups of 
proteins and phosphorous in DNA resulting in unwinding of DNA which leads to 
interference in DNA replication (Feng et al., 2000; Wu et al., 2009). Richa singh et 
al., reported that combination of antibiotics with AgNPs exhibiting a synergetic action 
which make the bacteria difficult to develop resistance. Previous report suggested that 
no significant difference in bactericidal activity was observed between drug – 
resistant vs. susceptible organisms (Lara et al., 2010). Recently, it has also been 
reported that Enterococcus are sensitive to AgNPs regardless of their multiresistant 
pattern (Lysakowska et al., 2013). The present study suggested that endophytic 
Streptomyces mediated synthesis of AgNPs exhibited significant bactericidal activity 
on E. faecalis irrespective of whether the strains are drug resistant or not. This implies 
that the isolated strain represent a nanofactory for the fabrication of new generation 
antimicrobial AgNPs against to the emerging multidrug resistant Gram positive 
Enterococcus spp. 
 
Conclusion 

Medicinal plants are an incredibly valuable source of phytochemicals. At 
present they are in large biodiversity and untapped source for identifying new natural 
products from plants associated Streptomyces. However to prospect the biomedical 
value of endophytic Streptomyces in nano biotechnology, in the present study we have 
described an ecofriendly green approach for the synthesis of AgNPs by extracellular 
method using a novel species of Streptomyces sp BDUSMP R07. Polyphasic 
taxonomy was employed to characterize the isolate. AgNPs were characterized by 
UV-vis, FTIR, XRD, EDAX, zeta potential, and DLS. TEM micrograph studies show 
that AgNPs were in uniform shape with a size range of 20- 48 nm. Synthesized 
AgNPs exhibited enhanced antibacterial activity as compared to positive control and 
CFS. Thus it can be summarised that Streptomyces sp BDUSMP R07 could be a 
promising candidate for the fabrication of new generation antimicrobial drugs against 
multi drug resistant gram positive bacteria (MDR-GPB).   
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Figure captions 
 
Fig. 1 A, B.  
 Scanning electron micrographs of Streptomyces sp BDUSMP R07 (A) grown on 
Modified ISP2 medium for 3 days at 28 °C. Bar: 5 µm. (B) grown on inorganic salts-
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starch agar (ISP medium no. 4) at 28 °C for 14 days. Smooth appearance of spores. 
Bar: 1 µm.  
 
Fig. 2.A, B.  
The phylogenetic tree of Streptomyces sp BDUSMP R07 based on partial nucleotide 
sequences of (A) 16S rRNA, (B) RNA polymerase b-subunit gene (rpoB) was 
constructed using the neighbour-joining method with aid of MEGA5.2 program. The 
Bootstrap values above 50 %, presented as percentages of 1000 replications, are 
shown at the branch points. Bar 0.2 for 16S rRNA and 0.5 for rpoB substitutions per 
nucleotide position respectively.  
 
Fig. 3. A, B, C.  
A: (a) Cell free supernatant; (b) Color change profile of biosynthesised AgNPs. (B) 
UV Spectra of AgNPs synthesized using cell free supernatant (5%) of Streptomyces 
sp BDUSMP R07. (C) FT-IR spectrum of silver nanoparticles synthesized using cell 
free supernatant (5%) of Streptomyces sp BDUSMP R07 
 
Fig. 4. A, B. 

A) EDAX , (B) XRD analysis  of AgNPs synthesized by cell free supernatant 
(5%) of Streptomyces sp BDUSMP R07 
 

Fig. 5 A, B, C. (A) Zeta potential (B) Particle size distribution and (C) TEM 
observation (scale bar at 500 nm) of AgNPs synthesized using CFS (5%) of 
Streptomyces sp. BUDSMP R07.  
 
Fig. 6 

(A) Antimicrobial activity of biosynthesized AgNPs using CFS (5%) of 
Streptomyces sp BDUSMP R07, glucose (1%) and the CFS (100%) alone 
against non- drug resistance E.faealis MTCC 439 and drug resistant E. 
faecalis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN2249-9598, Volume-IV, Issue-IV, July-Aug 2014   

 

 
w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8  
 

Page 85 

Fig.1.Scanning electron micrographs of Streptomyces sp BDUSMP R07 (A) grown on 
Modified ISP2 medium for 3 days at 28 °C. Bar: 5 µm. (B) grown on inorganic salts-
starch agar (ISP medium no. 4) at 28 °C for 14 days. Smooth appearance of spores. 
Bar: 1 µm.  
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Fig. 2. The phylogenetic tree of Streptomyces sp BDUSMP R07 based on partial 
nucleotide sequences of (A) 16S rRNA, (B) RNA polymerase b-subunit gene (rpoB) 
was constructed using the neighbour-joining method with aid of MEGA 6.0 program. 
The Bootstrap values above 50 %, presented as percentages of 1000 replications, are 
shown at the branch points. Bar 0.2 for 16S rRNA and 0.5 for rpoB substitutions per 
nucleotide position respectively.  
A 
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Figure 6 . Antimicrobial activity of biosynthesized AgNPs using CFS (5%) of 
Streptomyces sp BDUSMP R07, glucose (1%) and the CFS (100%) alone against non 
- drug resistance E.faealis MTCC 439 and drug resistant E. faecalis. 

 
 A: Enterococcus faecalis MTCC 439                   B: Enterococcus faecalis (MDR) 
a: CFS (5%); b: CFS (100%); c: Positive control nanoparticles; d: Streptomyces sp 
BDUSMP R07 derived AgNPs 
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Table.1.Cultural, physiological and biochemical characteristics features of the isolated Streptomyces sp 
BDUSMP R07 from S. trilobatum 
 
Characteristics                                                                     Streptomyces sp BDUSMP R07 
 
Features                
                               ISP2                 ISP3              ISP4             ISP5                   ISP6                 ISP7  
 Growth                 Good                Good             Good            Moderate            Poor              Moderatez 
 Sporulation           Good                Good             Good            Moderate            Poor              Poor 
 Color of 
Aerial Mycelium     W/G                  G                    W                  W/G                 Y/W               W/G 
Substrate mycelium  B               Light brown        yellow          Light yellow      Yellow     Light brown 
Color of  
Diffusible Pigment    B               B                        Light brown       -                    light                      - 
                                                                                                                              Yellow           
Biochemical 
Gram staining                                                                                  positive 
Citrate utilization                                                                             positive  
Methyl Red                                                                                      negative 
Voges-Proskauer                                                                             negative 
H2S production                                                                                negative 
Nitrate reduction test                                                                       positive 
Catalase test                                                                                     negative 
Urea hydrolysis                                                                                positive 
Gelatin hydrolysis                                                                            negative 
Starch hydrolysis                                                                              positive 
 
Utilization of carbon 
Arabinose                                                                                         +++ 
Dextrose                                                                                           +++ 
Fructose                                                                                            +++ 
Lactose                                                                                              (+) 
Mannitol                                                                                            (+) 
Maltose                                                                                              (+) 
Sucrose                                                                                                - 
Xylose                                                                                                 - 
Inosittol                                                                                               - 
 
Growth on sole nitrogen source 
Alanine                                                                                                ++ 
Asparagine                                                                                           ++ 
Cysteine                                                                                                - 
Methionine                                                                                            - 
Arginine                                                                                                ++ 
Phenylalanine                                                                                        - 
 
+++: strong positive, utilized; ++: positive, utilized; (+): weakly positive, utilized; - : negative, not 
utilized. W/G: Whitish gray; G: Gray; W: White; Y/W: yellowish white; B: Brown 
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Table.2 
Mean zone of inhibition (mm) of AgNPs synthesized using CFS of Streptomyces sp 
BDUSMP R07 (5%), Glucose (1%) and Cell free supernatant (CFS- 100%) against E. 
faecalis MTCC 439 and drug resistant E.faecalis. Disk diameter was 6 mm. 
 
Microorganism                        Mean Zone of inhibition (mm)              fold 
increase  
                                a                    b                c               d                          d-b                             
d-c                                                                                                               
E. faecalis                -                   9                11            18                          1                           
0.63  
(MTCC 439) 
E. faecalis (MDR)    -                    -                15            24                              -                       
0.60 
 
a – CFS (5%); b: CFS; c – Positive control silver nanoparticles (SNP); d - AgNPs  
Fold increase of bacterial inhibition between AgNPs and CFS was calculated using 
the formula (d-b)/b 
Fold increase of bacterial inhibition between AgNPs and SNP (positive control 
nanoparticles) was calculated using the formula (d-c)/c  
 
 
 
 


