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Diseases caused by Staphylococcus warneri have a significant impact on human health.
We evaluated the antibacterial activity of silver nanoparticles (synthesized using the
endophytic strain SYSU 333150) against S. warneri. The strain SYSU 333150 was
isolated from the roots of Borszczowia aralocaspica Bunge. The 16S rRNA sequence
results suggest that SYSU 333150 belongs to the genus Isoptericola and is likely a
new species. Photo-irradiation was used to synthesize silver nanoparticles, which were
characterized using UV-visible spectroscopy, transmission electron microscopy and
X-ray diffraction. The nanoparticles were spherical and measured to be11 to 40 nm.
X-ray diffraction revealed four peaks corresponding to the 111, 200, 220, and 311
planes of the face-centered cubic lattice, indicating a crystalline nature. Fourier transform
infrared spectroscopy suggested that the metabolites in the culture supernatant were
likely reducing and capping agents. The silver nanoparticles possessed antimicrobial
activity (14 mm zone of inhibition) against S. warneri, which was likely a result of DNA
cleavage. The synthesized silver nanoparticles have potent antibacterial activity against
S. warneri and can be used to control infection.

Keywords: silver nanoparticles, endophyte, Staphylococcus warneri, antibacterial activity, DNA cleavage study

INTRODUCTION

Staphylococcus warneri is a Gram-positive clinically important pathogen that is found on human
and animal skin. Although S. warneri represents less than 1% of the total staphylococcal population,
it is responsible for a wide range of human diseases, such as immune-suppression, infections of the
skin, eyes, and urinary tract, and nosocomial infections in immune-compromised patients and
neonates (Incani et al., 2010; Legius et al., 2012). To prevent S. warneri infections, we evaluated the
antibacterial activity of silver nanoparticles.
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FIGURE 1 | Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences of strain SYSU 333150 and its closest relatives. Bootstrap values are
expressed as percentages of 1,000 replications. Bar, 0.01, represents substitutions per site.

Nanoparticles are small materials that are less than 100
nanometers in size. They have garnered attention over the
past few years because of their potential impact in many areas
of science (Manikprabhu and Li, 2015). Metallic nanoparticles
are utilized in many fields of science and preliminary results
have been encouraging. In particular, silver nanoparticles
have received interest because of their unique properties,
including chemical stability, good conductivity and catalytic
capabilities that can be incorporated into composite fibers,
cryogenic superconducting materials, cosmetic products, and
electronic components (Ahmed et al., 2016). They also
possess antimicrobial properties, which are extensively used
to prepare medicine, devices, implants, and dressing materials
(Manikprabhu and Lingappa, 2014; Rajesh Kumar et al., 2016).

Various physical and chemical methods have been used to
synthesize silver nanoparticles, although they involve hazardous
chemicals have low material conversions and high energy
requirements (Veerasamy et al., 2011).

Nanoparticle synthesis using plants and microbes is currently
under investigation (Shahverdi et al., 2007; Ahmed et al., 2016).
It is well known that plants synthesize nanoparticles; however,
the use of endangered plant species may pose risks and cause an
imbalance in plant diversity. Microorganisms are advantageous
because they are reliable and inexhaustible (Baker et al., 2015).
Microorganisms have been investigated for their nanoparticle
synthesis capabilities since the work of Klaus et al. (1999), who
first synthesized silver nanoparticles from Pseudomonas stutzeri
AG259. The soil has been extensively explored as an ecological
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FIGURE 2 | UV-visible spectra of photo irradiation-based synthesis of silver
nanoparticles at different time periods.

niche that harbors microorganisms that are potential bio-
factories for nanoparticle synthesis (Das et al., 2014; Velusamy
et al., 2016).

Apart from soil, microbe-harboring plants comprise one of the
richest microbial niches that secrete bioactive compounds (Baker
et al., 2015). Recently, research has focused on the isolation
of plant endophytes for the synthesis of silver nanoparticles
(Qian et al., 2013; Netala et al., 2016). However, only a few
reports describe the synthesis of silver nanoparticles using
endophytes. Silver nanoparticles from endophytes were used
as antimicrobial agents against various pathogens such as
Escherichia coli, P. aeruginosa, S. aureus, Salmonella typhi, and
Klebsiella pneumoniae (Sunkar and Nachiyar, 2012). The present
study explored the synthesis of silver nanoparticles using bacteria
isolated from the Borszczowia aralocaspica Bunge plant and
evaluated its antibacterial activity against S. warneri.

MATERIALS AND METHODS

Isolation and Identification of Endophytic
Strain SYSU 333150
Endophytic strain SYSU 333150 was isolated from the roots of
B. aralocaspica Bunge using International Streptomyces project
(ISP) 2 medium (Shirling and Gottlieb, 1966). To isolate bacteria,
roots were surface sterilized following Khieu et al. (2015).
Genomic DNA extraction and PCR amplification of the 16S
rRNA gene of SYSU 333150 was performed using a standard
protocol (Li et al., 2007). The sequences were compared with
available 16S rRNA gene sequences of cultured species from the
EzTaxon-e server1 (Yoon et al., 2017).

A phylogenetic tree was constructed using the
neighbor-joining (NJ) method (Saitou and Nei, 1987) using

1http://www.ezbiocloud.net/

Kimura’s two parameter model (Kimura, 1980) by MEGA 5.0
software (Tamura et al., 2011) after aligning sequences with
CLUSTAL_X (Thompson et al., 1997). Bootstrap analysis was
performed with 1,000 replications (Felsenstein, 1985).

Synthesis of Silver Nanoparticles
Strain SYSU 333150 was grown in 100 ml of ISP 2 broth (Shirling
and Gottlieb, 1966) that was incubated for 24 h at 180 rpm and
37◦C. After incubation, the broth was centrifuged at 10,000 rpm
for 10 min. The supernatant was used for the synthesis of silver
nanoparticles. To synthesize silver nanoparticles, the volume of
the AgNO3 and supernatant was optimized by mixing different
volumes of AgNO3 (0.002 M) with different volumes of culture
supernatant. The optimized protocol included 20 ml of AgNO3
combined with 0.5 ml culture supernatant which was then
exposed to sunlight for different periods. Silver nanoparticles
were also synthesized in the absence of light.

Characterization of Silver Nanoparticles
Preliminary synthesis of silver nanoparticles was confirmed
when the color of the solution changed from colorless to
brown (Manikprabhu and Lingappa, 2013). The synthesis was
further validated using UV-visible spectroscopy (T60UV-VIS
Spectrophotometers). The size and shape of nanoparticles were
determined using transmission electron microscopy (TEM).
The samples for TEM were prepared by centrifuging the
synthesized nanoparticles at 10,000 rpm for 10 min. The
supernatant was discarded, washed and resuspended in sterilized
distilled water. The prepared solutions were loaded on copper
grids for 1 min and the extra solution was removed using
blotting paper. The copper grid was then visualized under TEM
(JEM-100CX-II).

The crystalline nature of silver nanoparticles was determined
using a Rigaku Ultima 4X-ray diffractometer. The radiation
used was CuKα (0.154 nm wavelength) with a scanning rate
of 5◦/min. To identify the reducing agent in the synthesis of
silver nanoparticles, Fourier transform infrared spectroscopy
(FTIR) was performed. The spectrum was recorded in the
range of 4000–600 cm−1 using EQUINOX 55 Perkin Elmer
spectrophotometer operated at a resolution of 4 cm−1. The
FTIR peaks were identified and expressed in wave numbers
(cm−1).

Antibiotic Susceptibility, Antibacterial,
and DNA Cleavage Study
The antibiotic susceptibility of S. warneri (ATCC 27836) was
evaluated by the disk diffusion method using Mueller Hinton
agar. The antibacterial activity of silver nanoparticles against
S. warneri (ATCC 27836) was evaluated using the agar well
diffusion method (Perez et al., 1990). A 6 mm diameter well
was punched on Mueller Hinton agar (containing a pre-lawn of
S. warneri ATCC 27836) using a sterilized cork borer and was
filled with 100 µl of silver nanoparticles (0.53 g/100 ml). The plate
was incubated at 37◦C for 24 h and the zone of inhibition was
recorded. Sterilized distilled water and culture supernatant were
used as a control.
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FIGURE 3 | Transmission electron microscopy images of silver nanoparticles: (a) 4 min, (b) 6 min, (c) 8 min, (d) 10 min, and (e) 12 min.

FIGURE 4 | XRD spectra of silver nanoparticles.

To understand the mechanism of antibacterial activity, we
performed a DNA cleavage experiment. DNA from S. warneri
(ATCC 27836) was extracted with our standard protocol (Li
et al., 2007). The extracted DNA (5 µl) was mixed with different
volumes of silver nanoparticles (5, 10, and 15 µl) and incubated
at 37◦C for 60 min (at 10 min intervals). Five microliters of
S. warneri (ATCC 27836) DNA was used as a control. After
incubation, the samples were run on a 1.0% agarose gel (in
1× TAE buffer at 100 V).

RESULTS

Identification of Endophytic Strain SYSU
333150
Endophytic strain SYSU 333150 was isolated from the roots of
B. aralocaspica Bunge. An almost complete 16S rRNA sequence
(1500 bp) was obtained and subjected to BLAST analysis. Our
results showed that strain SYSU 333150 shared 98.6% similarity
with Isoptericola dokdonensis. The NJ phylogenetic tree based on
16S rRNA sequences indicated that SYSU 333150 formed a clade
with the members of the Isoptericola genus (Figure 1).

Synthesis and Characterization of Silver
Nanoparticles
When AgNO3 (20 ml) was combined with the supernatant
(0.5 ml) and exposed to sunlight, the solution changed
from colorless to brown after 4 min. The UV-visible spectra
(Figure 2) revealed a peak between 400 and 450 nm which
increased steadily with reaction time. In the absence of
sunlight, silver nanoparticles synthesis was also observed, but
only after 3 h (Supplementary Figure S1). Figure 3 shows
the TEM images of synthesized silver nanoparticles, which
suggest that they were spherical and 11 to 40 nm in size.
The X-ray diffraction pattern of the silver nanoparticles show
four diffraction peaks (Figure 4) at 38.31, 44.58, 64.71, and
77.71◦, which correspond to 111, 200, 220, and 311 planes,
respectively. Figure 5 shows the FTIR spectra of the culture
supernatant of SYSU 333150 with silver nanoparticles. Both
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FIGURE 5 | Fourier transform infrared spectroscopy spectra of (A) culture supernatant (B) silver nanoparticles.

TABLE 1 | Antibiotic susceptibility of S. warneri (ATCC 27836).

SL. NO. Antibiotic Concentration Zone of inhibition

1. Penicillin G 10 IU 5 mm

2. Oxacillin 1 µg 4 mm

3. Vancomycin 30 µg 8 mm

4. Amikacin 30 µg 10 mm

5. Kanamycin 30 µg 7 mm

6. Tetracycline 30 µg 15 mm

7. Ciprofloxacin 5 µg 17.5 mm

8. Chloramphenicol 30 µg 13 mm

9. Norfloxacin 10 µg 18 mm

FIGURE 6 | Antibacterial activity of silver nanoparticles against S. warneri
(ATCC 27836), (a) sterilized distilled water, (b) silver nanoparticles, and (c)
culture supernatant.

spectra were similar and had absorption peaks at 3200–3400
and 1600–1700 cm−1that resulted from OH and C = O groups,
respectively.

FIGURE 7 | DNA cleavage: (a), control [5 µl of S. warneri DNA (ATCC
27836)]; (b) [5 µl of S. warneri DNA (ATCC 27836) + 5 µl of
silver nanoparticles]; (c) [5 µl of S. warneri DNA (ATCC 27836) + 10 µl of silver
nanoparticles]; and (d) [5 µl of S. warneri DNA (ATCC 27836) + 15 µl of silver
nanoparticles]. Arrows indicate the presence of DNA.

Antibiotic Susceptibility, Antibacterial
Activity, and DNA Cleavage Experiments
Staphylococcus warneri (ATCC 27836) susceptibility to
antibiotics was evaluated by the disk diffusion method.
Table 1 shows the antibiotic susceptibility results of S. warneri
(ATCC 27836). The largest zone of inhibition was observed with
norfloxacin and the smallest with oxacillin.

The antibacterial activity of silver nanoparticles against
S. warneri (ATCC 27836) resulted in a zone inhibition of 14 mm
(Figure 6). No zone of inhibition was observed in the control.
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FIGURE 8 | Effect of time on DNA cleavage. Arrows indicate the presence or absence of DNA.

The mechanism of antibacterial activity of silver nanoparticles
against S. warneri (ATCC 27836) was evaluated using a DNA
cleavage experiment. Figure 7 shows the gel image demonstrating
DNA cleavage. The control contained a single band (lane a),
whereas partial cleavage was observed in lane b, which contained
5 µl of silver nanoparticles. In lane c and d (10 and 15 µl of silver
nanoparticles, respectively) there was complete cleavage of DNA.
Figure 8 shows the effect of time on DNA cleavage; the DNA
completely disappeared after 60 min.

DISCUSSION

Endophytes have demonstrated their capacity to control
pathogens, insects and nematodes. They play a crucial role
in accelerating the seedling rate and plant growth as well as
promote plant establishment under adverse conditions (Sunkar
and Nachiyar, 2012). Many studies have investigated endophyte
synthesis of silver nanoparticles (Qian et al., 2013; Netala et al.,
2016). There are no previous reports of silver nanoparticle
synthesis using endophytes from B. aralocaspica Bunge. This

study assessed the ability of B. aralocaspica Bunge endophytes to
produce silver nanoparticles.

The endophytic strain SYSU 333150 was isolated from the
roots of B. aralocaspica Bunge. The 16S rRNA sequence data
(98.6% similarity to I. dokdonensis) showed that SYSU 333150
belonged to the genus Isoptericola. Strain SYSU 333150 also
formed a clade with the members of the genus Isoptericola in the
NJ tree (Figure 1). However, the low sequence similarity (>99%)
suggested that SYSU 333150 may be a new species in genus
Isoptericola (Wayne et al., 1987). We hope to further characterize
SYSU 333150 to classify its taxonomic position.

The synthesis of silver nanoparticles was indicated when the
solution (20 ml AgNO3 and 0.5 ml supernatant) changed
from colorless to brown (Manikprabhu and Lingappa,
2013) after 4 min of sunlight exposure. In the absence of
sunlight, synthesis occurred but took much longer [after 3 h
(Supplementary Figure S1)]. The sunlight acted as a catalyst,
due to photo-excitation, which creates hot electron-hole pairs
that are produced by excited molecules. The hot electron-hole
pairs were then transferred to surface-adsorbed reducing agent
excess electrons, free radicals (such as O•−2 ) and reduced silver
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ions, which resulted in neutralized silver atoms (Ulug et al., 2015;
Manikprabhu et al., 2016).

Similar to our study, Sunkar and Nachiyar (2012) reported
silver nanoparticles synthesis (incubation time 72–120 h)
from the endophytic bacteria Bacillus cereus isolated from
Garcinia xanthochymus. In the present study, in the absence
of sunlight, strain SYSU 333150 produced silver nanoparticles
after 3 h. However, sunlight exposure reduced the time
to 4 min. These conditions could be useful for the rapid
synthesis of silver nanoparticles. Furthermore, SYSU 333150
produced 0.53 g/100 ml silver nanoparticles at a much higher
rate (0.14–0.156 g/100 ml) than photo-irradiation synthesis
(Manikprabhu and Lingappa, 2013, 2014; Manikprabhu et al.,
2016).

The synthesis of silver nanoparticles was further
confirmed by UV-visible spectroscopy. The UV-visible spectra
(Figure 2) revealed a peak between 400 and 450 nm
that was caused by surface plasmon resonance of silver
nanoparticles in the visible region (Manikprabhu and Lingappa,
2013). The intensity of the peak increased with sunlight
exposure, which was possibly due to an increase in silver
nanoparticles. After 12 min, the absorption did not increase,
suggesting a complete conversion of AgNO3 to silver
nanoparticles.

The endophytic strain SYSU 333150 produced spherical silver
nanoparticles that were11 to 40 nm (Figure 3). The particles
in this range are well known for having excellent antimicrobial
activity (Manikprabhu and Lingappa, 2013, 2014).

The X-ray diffraction pattern of the silver nanoparticles shows
four diffraction peaks corresponding to 111, 200, 220, and 311
planes (Figure 4). The peaks were consistent with earlier reports
of silver nanoparticles that were synthesized by endophytes.
These data suggest thatthe silver nanoparticles are crystalline in
nature and have a face-centered cubic (FCC) phase (Sunkar and
Nachiyar, 2012; Qian et al., 2013; Netala et al., 2016).

The FTIR spectra (Figure 5) of SYSU 333150 supernatant
and silver nanoparticles were similar and had absorption peaks
at 3200–3400 and 1600–1700 cm−1that were caused by OH
and C = O groups. It is possible that these peaks result
from the reducing and capping agents that are responsible
for silver nanoparticle synthesis. It has been reported that
biological molecules can perform dual functions (formation and
stabilization of silver nanoparticles) in aqueous medium (Sunkar
and Nachiyar, 2012).

Staphylococcus warneri causes many infections (Incani et al.,
2010; Legius et al., 2012). We evaluated the antimicrobial
activity of silver nanoparticles against S. warneri (ATCC
27836). Silver nanoparticles synthesized by the endophytic
strain SYSU 333150 demonstrated antimicrobial activity
(zone of inhibition of 14 mm). Antibacterial activity of
silver nanoparticles against S. warneri was also reported
by El-Batal et al. (2013) although the nanoparticles
were synthesized using B. stearothermophilus and gamma
radiation.

There are several proposed mechanisms of antibacterial
activity for silver nanoparticles. These mechanisms include

depletion of intracellular ATP through destabilization of the
outer membrane, rupture of the plasma membrane, blocking
of respiration by reacting with sulfhydryl (–S–H) groups along
the cell wall to form R–S–S–R bonds and DNA damage
(Manikprabhu and Lingappa, 2013; Rajesh Kumar et al., 2016).
To determine the mechanism of antibacterial activity, we
performed a DNA cleavage experiment. Our results suggest
that the concentration of silver nanoparticles as well as the
incubation time affects DNA cleavage. Fifteen microliters of silver
nanoparticles resulted in complete cleavage of DNA (Figure 7).
Incubation time also affected DNA cleavage. Initially, there was
no DNA cleavage (Figure 8). However, over time, the DNA
started to fade and completely disappeared after 60 min. DNA
cleavage may be a result of the interaction of silver nanoparticles
with sulfur and phosphorous present in DNA (Sathish Kumar
et al., 2009).

CONCLUSION

We conclude that photo-irradiation with the endophytic
strain SYSU 333150 is a rapid and efficient method to
synthesize spherical silver nanoparticles. The synthesized silver
nanoparticles exhibited antimicrobial activity against S. warneri
through DNA cleavage. The synthesized nanoparticles can used
in biomedical applications to treat diseases caused by S. warneri.

AUTHOR CONTRIBUTIONS

Z-YD and MPNR planned, conducted the experiments, analyzed
the data, and prepared the manuscript. MX and WH revised the
manuscript. H-FW isolated the strain SYSU 33150. WC and W-JL
supervised the experiment.

ACKNOWLEDGMENTS

This work was supported by the National Natural Science
Foundation of China (No.31400009), China Postdoctoral Science
Foundation No. 2017M612796 and project of China Tobacco
Yunnan Industrial Co., Ltd. (No. 2015CP01). The authors extend
their appreciation to the International Scientific Partnership
Program ISPP at King Saud University for funding this
research work through ISPP# 0036. W-JL was also supported
by Guangdong Province Higher Vocational Colleges & Schools
Pearl River Scholar Funded Scheme (2014).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fmicb.
2017.01090/full#supplementary-material

FIGURE S1 | UV-visible spectra of silver nanoparticles synthesized in the absence
of sunlight.

Frontiers in Microbiology | www.frontiersin.org 7 June 2017 | Volume 8 | Article 1090

http://journal.frontiersin.org/article/10.3389/fmicb.2017.01090/full#supplementary-material
http://journal.frontiersin.org/article/10.3389/fmicb.2017.01090/full#supplementary-material
http://www.frontiersin.org/Microbiology/
http://www.frontiersin.org/
http://www.frontiersin.org/Microbiology/archive


fmicb-08-01090 June 13, 2017 Time: 17:17 # 8

Dong et al. Synthesis and Antibacterial Activity of Silver Nanoparticles

REFERENCES
Ahmed, S., Ahmad, M., Swami, B. L., and Ikram, S. (2016). A review on plants

extract mediated synthesis of silver nanoparticles for antimicrobial applications:
a green expertise. J. Adv. Res. 7, 17–28. doi: 10.1016/j.jare.2015.02.007

Baker, S., Mohan Kumar, K., Santosh, P., Rakshith, D., and Satish, S. (2015).
Extracellular synthesis of silver nanoparticles by novel Pseudomonas veronii
AS41G inhabiting Annona squamosa L. and their bactericidal activity.
Spectrochim. Acta A Mol. Biomol. Spectrosc. 5, 1434–1440. doi: 10.1016/j.saa.
2014.10.033

Das, V. L., Thomas, R., Varghese, R. T., Soniya, E. V., Mathew, J., and
Radhakrishnan, E. K. (2014). Extracellular synthesis of silver nanoparticles by
the Bacillus strain CS 11 isolated from industrialized area. 3 Biotech 4, 121–126.
doi: 10.1007/s13205-013-0130-8

El-Batal, A. I., Amin, M. A., Shehata, M. K., and Merehan, M. A. H. (2013).
Synthesis of silver nanoparticles by Bacillus stearothermophilus using gamma
radiation and their antimicrobial activity. World Appl. Sci. J. 22, 1–16.
doi: 10.5829/idosi.wasj.2013.22.01.2956

Felsenstein, J. (1985). Confidence limits on phylogenies: an approach using the
bootstrap. Evolution 39, 783–791. doi: 10.2307/2408678

Incani, R. N., Hernandez, M., Cortez, J., Gonzalez, M. E., and Salazar, Y. D. (2010).
Staphylococcus warneri meningitis in a patient with Strongyloides stercoralis
hyperinfection and lymphoma: first report of a case. Rev. Inst. Med. Trop. Sao
Paulo 52, 169–170. doi: 10.1590/S003646652010000300011

Khieu, T. N., Liu, M. J., Nimaichand, S., Quach, N. T., Chu, Ky, S., et al.
(2015). Characterization and evaluation of antimicrobial and cytotoxic effects
of Streptomyces sp. HUST012 isolated from medicinal plant Dracaena
cochinchinensis Lour. Front. Microbiol. 6:574. doi: 10.3389/fmicb.2015.00574

Kimura, M. (1980). A simple method for estimating evolutionary rates of base
substitutions through comparative studies of nucleotide sequences. J. Mol. Evol.
16, 111–120. doi: 10.1007/BF01731581

Klaus, T., Joerger, R., Olsson, E., and Granqvist, C. G. (1999). Silver-based
crystalline nanoparticles, microbially fabricated. Proc. Natl. Acad. Sci. U.S.A. 96,
13611–13614. doi: 10.1073/pnas.96.24.13611

Legius, B., Landuyt, K. V., Verschueren, P., and Westhovens, R. (2012). Septic
arthritis due to Staphylococcus warneri: a diagnostic challenge.Open Rheumatol.
J. 6, 310–311. doi: 10.2174/1874312901206010310

Li, W. J., Xu, P., Schumann, P., Zhang, Y. Q., Pukall, R., Xu, L. H., et al. (2007).
Georgenia ruanii sp. nov., a novel actinobacterium isolated from forest soil in
Yunnan (China) and emended description of the genus Georgenia. Int. J. Syst.
Evol. Microbiol. 57, 1424–1428. doi: 10.1099/ijs.0.64749-0

Manikprabhu, D., Cheng, J., Chen, W., Sunkara, A. K., Mane, S. B., Kumar, R.,
et al. (2016). Sunlight mediated synthesis of silver nanoparticles by a novel
actinobacterium (Sinomonas mesophila MPKL 26) and its antimicrobial activity
against multi drug resistant Staphylococcus aureus. J. Photochem. Photobiol B.
Biol. 158, 202–205. doi: 10.1016/j.jphotobiol.2016.01.018

Manikprabhu, D., and Li, W. J. (2015). “Microbe-mediated synthesis of silver
nanoparticles. A new drug of choice against pathogenic microorganisms,” in
Antimicrobials: Synthetic and Natural Compounds, eds D. Dhanasekaran, N.
Thajuddin, and A. Panneerselvam (Boca Raton, FL: CRC Press), 389–402.

Manikprabhu, D., and Lingappa, K. (2013). Antibacterial activity of silver
nanoparticles against methicillin-resistant Staphylococcus aureus synthesized
using model Streptomyces sp. pigment by photo-irradiation method. J. Pharm.
Res. 6, 255–260. doi: 10.1016/j.jopr.2013.01.022

Manikprabhu, D., and Lingappa, K. (2014). Synthesis of silver nanoparticles using
the Streptomyces coelicolor klmp33 pigment: an antimicrobial agent against
extended-spectrum beta-lactamase (ESBL) producing Escherichia coli. Mater.
Sci. Eng. C. 45, 434–437. doi: 10.1016/j.msec.2014.09.034

Netala, V. R., Kotakadi, V. S., Bobbu, P., Gaddam, S. A., and Tartte, V. (2016).
Endophytic fungal isolate mediated biosynthesis of silver nanoparticles and
their free radical scavenging activity and anti microbial studies. 3 Biotech 6:132.
doi: 10.1007/s13205-016-0433-7

Perez, C., Paul, M., and Bazerque, P. (1990). Antibiotic assay by agar well diffusion
method. Acta Biol. Med. Exp. 15, 113–115.

Qian, Y., Yu, H., He, D., Yang, H., Wang, W., Wan, X., et al. (2013). Biosynthesis
of silver nanoparticles by the endophytic fungus Epicoccum nigrum and their
activity against pathogenic fungi. Bioprocess. Biosyst. Eng. 36, 1613–1619.
doi: 10.1007/s00449-013-0937-z

Rajesh Kumar, T. V., Murthy, J. S. R., Narayana Rao, M., and Bhargava, Y. (2016).
Evaluation of silver nanoparticles synthetic potential of Couroupita guianensis
Aubl., flower buds extract and their synergistic antibacterial activity. 3 Biotech
6:92. doi: 10.1007/s13205-016-0407-9

Saitou, N., and Nei, M. (1987). The neighbor-joining method: a new method for
reconstructing phylogenetic trees. Mol. Biol. Evol. 4, 406–425.

Sathish Kumar, M., Sneha, K., Won, S. W., Cho, C. W., Kim, S., and Yun,
Y. S. (2009). Cinnamon zeylanicum bark extract and powder mediated green
synthesis of nano-crystalline silver particles and its bactericidal activity. Colloids
Surf. B Biointerfaces 73, 332–338. doi: 10.1016/j.colsurfb.2009.06.005

Shahverdi, A. R., Minaeian, S., Shahverdi, H. R., Jamalifar, H., and Nohi, A. A.
(2007). Rapid synthesis of silver nanoparticles using culture supernatants of
Enterobacteria: a novel biological approach. Process Biochem. 42, 919–923.
doi: 10.1016/j.procbio.2007.02.005

Shirling, E. B., and Gottlieb, D. (1966). Methods for characterization of
Streptomyces species. Int. J. Syst. Evol. Microbiol. 16, 313–340. doi: 10.1099/
00207713-16-3-313

Sunkar, S., and Nachiyar, C. V. (2012). Biogenesis of antibacterial silver
nanoparticles using the endophytic bacterium Bacillus cereus isolated from
Garcinia xanthochymus. Asian Pac. J. Trop. Biomed. 2, 953–959. doi: 10.1016/
S2221-1691(13)60006-4

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M., and Kumar, S. (2011).
MEGA5: molecular evolutionary genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony methods. Mol. Biol. Evol. 28,
2731–2739. doi: 10.1093/molbev/msr121

Thompson, J. D., Gibson, T. J., Plewniak, F., Jeanmougin, F., and Higgins, D. G.
(1997). The CLUSTAL X windows interface: flexible strategies for multiple
sequence alignment aided by quality analysis tools. Nucleic Acids Res. 25,
4876–4882. doi: 10.1093/nar/25.24.4876

Ulug, B., Haluk Turkdemir, M., Cicek, A., and Mete, A. (2015). Role of
irradiation in the green synthesis of silver nanoparticles mediated by fig (Ficus
carica) leaf extract. Spectrochim. Acta A Mol. Biomol. Spectrosc. 135, 153–161.
doi: 10.1016/j.saa.2014.06.142

Veerasamy, R., Xin, T. Z., Gunasagaran, S., Xiang, T. F. W., Yang, E. F. C.,
Jeyakumar, N., et al. (2011). Biosynthesis of silver nanoparticles using
mangosteen leaf extract and evaluation of their antimicrobial activities. J. Saudi
Chem. Soc. 15, 113–120. doi: 10.1016/j.jscs.2010.06.004

Velusamy, P., Kumar, G. V., Jeyanthi, V., Das, J., and Pachaiappan, R. (2016).
Bio-inspired green nanoparticles: synthesis, mechanism, and antibacterial
application. Toxicol. Res. 32, 95–102. doi: 10.5487/TR.2016.32.2.095

Wayne, L. G., Brenner, D. J., Colwell, R. R., Grimont, P. A. D., Kandler, O.,
Krichevsky, M. I., et al. (1987). Report of the ad hoc committee on reconciliation
of approaches to bacterial systematics. Int. J. Syst. Bacteriol. 37, 463–464.
doi: 10.1099/00207713-37-4-463

Yoon, S. H., Ha, S. M., Kwon, S., Lim, J., Kim, Y., Seo, H., et al. (2017). Introducing
EzBioCloud: a taxonomically united database of 16S rRNA gene sequences
and whole-genome assemblies. Int. J. Syst. Evol. Microbiol. 67, 1613–1617. doi:
10.1099/ijsem.0.001755

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2017 Dong, Narsing Rao, Xiao, Wang, Hozzein, Chen and Li. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) or licensor 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.

Frontiers in Microbiology | www.frontiersin.org 8 June 2017 | Volume 8 | Article 1090

https://doi.org/10.1016/j.jare.2015.02.007
https://doi.org/10.1016/j.saa.2014.10.033
https://doi.org/10.1016/j.saa.2014.10.033
https://doi.org/10.1007/s13205-013-0130-8
https://doi.org/10.5829/idosi.wasj.2013.22.01.2956
https://doi.org/10.2307/2408678
https://doi.org/10.1590/S003646652010000300011
https://doi.org/10.3389/fmicb.2015.00574
https://doi.org/10.1007/BF01731581
https://doi.org/10.1073/pnas.96.24.13611
https://doi.org/10.2174/1874312901206010310
https://doi.org/10.1099/ijs.0.64749-0
https://doi.org/10.1016/j.jphotobiol.2016.01.018
https://doi.org/10.1016/j.jopr.2013.01.022
https://doi.org/10.1016/j.msec.2014.09.034
https://doi.org/10.1007/s13205-016-0433-7
https://doi.org/10.1007/s00449-013-0937-z
https://doi.org/10.1007/s13205-016-0407-9
https://doi.org/10.1016/j.colsurfb.2009.06.005
https://doi.org/10.1016/j.procbio.2007.02.005
https://doi.org/10.1099/00207713-16-3-313
https://doi.org/10.1099/00207713-16-3-313
https://doi.org/10.1016/S2221-1691(13)60006-4
https://doi.org/10.1016/S2221-1691(13)60006-4
https://doi.org/10.1093/molbev/msr121
https://doi.org/10.1093/nar/25.24.4876
https://doi.org/10.1016/j.saa.2014.06.142
https://doi.org/10.1016/j.jscs.2010.06.004
https://doi.org/10.5487/TR.2016.32.2.095
https://doi.org/10.1099/00207713-37-4-463
https://doi.org/10.1099/ijsem.0.001755
https://doi.org/10.1099/ijsem.0.001755
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org/Microbiology/
http://www.frontiersin.org/
http://www.frontiersin.org/Microbiology/archive

	Antibacterial Activity of Silver Nanoparticles against Staphylococcus warneri Synthesized Using Endophytic Bacteria by Photo-irradiation
	Introduction
	Materials And Methods
	Isolation and Identification of Endophytic Strain SYSU 333150
	Synthesis of Silver Nanoparticles
	Characterization of Silver Nanoparticles
	Antibiotic Susceptibility, Antibacterial, and DNA Cleavage Study

	Results
	Identification of Endophytic Strain SYSU 333150
	Synthesis and Characterization of Silver Nanoparticles
	Antibiotic Susceptibility, Antibacterial Activity, and DNA Cleavage Experiments

	Discussion
	Conclusion
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


