
J. Water Environ. Nanotechnol., 3(1): 51-57 Winter 2018

RESEARCH ARTICLE

Genomic Effect of Silver Nanoparticles in Staphylococcus aureus 
Bacteria
Vida Alizadeh, Bahram Golestani Eimani*, Fariba Amjady

Department of Biology, Urmia Branch, Islamic Azad University, Urmia, Iran

Received: 2017.07.28                       Accepted: 2017.10.14                         Published: 2018.01.30

ABSTRACT
Background and objectives: Drug resistance in bacteria is one of the important problems in the 
antibacterial field. Therefore, new drugs and therapeutic approaches are required to eliminate bacteria 
using different and novel mechanisms. Among these, the silver nanoparticles have been proposed 
as a substance with antibacterial properties against gram-positive and gram-negative bacteria. The 
present study aimed to investigate the effects of silver nanoparticles with a size of less than 20 nm on 
the genome of Staphylococcus aureus (S. aureus) as a model for gram-positive bacteria.
Material and methods: For this purpose, the bacteria were treated at concentrations of 100 and 150 
µg/ml nanoparticles and antimicrobial properties of the nanoparticles were investigated in intervals 
of 2, 4 and 24 hours, then DNA was extracted. RAPD molecular marker was used to investigate the 
effects of nanoparticles on the genome. In addition, the results of electrophoresis for polymerase 
chain reaction (PCR) products on agarose gel were analyzed.
Results: The present findings demonstrated that silver nanoparticles not only have an inhibitory 
effect on bacteria but also affect the genomic DNA sequence of this bacterium and change it in 
different sites.
Conclusion: The nanoparticles are antibacterial compounds and can be an appropriate alternative 
to antibiotics. 
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INTRODUCTION
Staphylococcus aureus is a gram-positive bacterium 

that can cause human infections as skin ulcers and 
lethal diseases such as bacteremia, endocarditis, 
pneumonia, septicemia and osteomyelitis [1].  
More than 90% of S. aureus have become resistant 
to antibiotics such as penicillin, methicillin, 
aminoglycoside, macrolides, and lincosamides [2, 3].  
A lot of efforts and investments have been made to 
develop the drugs and novel therapeutic purposes 
against different bacterial species [4]. Antibacterial 
agents are used in the textile industry, water 
disinfection, medicine, food packaging etc. [5]. 

In the past few decades, the nanomaterials have 
attracted more attention due to some unique 
features like large surface area to volume ratio 
and high reaction activity [6,7]. The nanoparticles 
generally are defined as the particles less than 100 
nm in size. This small size provides them unique 
properties. The nanoparticles due to having an 
extent surface area to material mass have higher 
reaction activity that is often in associated with a 
high lethality level [8]. Silver nanoparticles have 
antibacterial effects against a wide range of drug-
resistant bacteria. Lara et al. demonstrated strong 
antibacterial activity for silver nanoparticles 
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against bacteria such as Pseudomonas aeruginosa, 
Escherichia coli and Streptococcus pyogenes that 
are resistant to ampicillin and erythromycin and 
became multidrug-resistant [9]. Biofilm formation 
in bacteria is one of the major unknown problems 
because of protecting pathogenic bacteria against 
antibiotics, developing chronic infections [10]. 
Electrostatic properties of nanoparticles and 
biofilms affect their interaction [11]. In addition, 
the silver nanoparticles react with the bacterial 
cell membrane to destroy. The silver ions interact 
with essential biological molecules such as sulfur, 
oxygen and nitrogen, thereby preventing the 
bacterial growth [12]. 

The silver nanoparticles are bound with 
antibiotics such as penicillin G, amoxicillin, 
erythromycin and vancomycin; this cooperation 
leads to increase antimicrobial effect against 
gram-positive (S. aureus) and gram-negative 
(E. coli) bacteria [13]. Ag+ utilizes several 
antimicrobial mechanisms inside microbial cells 
(14). Ag+ inhibits the electron transport chain in 
microbial cytochrome [15, 16]. Ag+ is combined 
with microbial DNA and RNA to cause damage 
[4, 9, 14,17,18]. Ag+ inhibits protein translation 
by destructing 30S ribosomal subunit [9]. And 
the cell wall synthesis in gram-positive bacteria 
[9]. Ag+ ions also form the ROS, which can be 
fatal for both bacterial cells and eukaryotic host 
cells [9, 14 and 19]. However, the targeted use of 
silver nanoparticles with antimicrobial properties 
requires more knowledge on environmental 
compatibility. Toxicity and cytotoxicity of 
antibacterial nanoparticles on bacterial and 
human cells should be considered simultaneously. 
Usually, heavy metal ions (Ag+ and Cu+) have 
been recognized as fatal substances. However, 
their lethal doses for human cells are relatively 
high. Typically, Ag+ ions at low concentrations 
(0.001-0.050 ppm) are effective bactericide [20, 
21] so it could also affect other organisms and 
eukaryotic cells during actions as antibacterial 
substances.Therefore, there are needs to conduct 
further studies in order to obtain effective 
antibacterial concentrations and its genotoxic 
effect as a suitable alternative for antibiotics and 
harmless disinfectants.This study was conducted 
to evaluate the effect of different dosages and 
duration of treatments with silver nanoparticles 
on the genome of the S. aureus as a bacterial 
model. For this purpose, RAPD-PCR technique 
was used in this study.

MATERIALS AND METHODS
In the present study, the S. aureus bacterium 

was cultured on eosin methylene blue (EMB) and 
blood agar media and then was passaged to 5 ml of 
brain heart broth (BHB) broth in order to assess the 
inhibitory properties of nanoparticles and DNA 
extraction. 

Assessment of antimicrobial properties of silver 
nanoparticles

silver nanoparticles less than 20 nm in diameter 
were synthesized by the Nanotechnology South 
Korea. Phosphate-buffered saline (pH=7.4) was 
applied as a solvent for silver nanoparticles in order 
to prepare a stock solution for silver nanoparticles.

To investigate the effects of nanoparticles on 
bacteria, the concentrations of 100 and 150µg/ml 
of silver nanoparticles were inoculated into each 
test tube. The test tubes were placed in the shaking 
incubator at 37 °C overnight with a speed of 200 
rpm and the optical density of each test tubes 
was measured at a wavelength of 600 nm during 
intervals of 2, 4 and 24 hours in order to evaluate 
bacterial growth.Before treatment, the test tubes 
without nanoparticles were used as a control as 
above method.

DNA extraction and RAPD-PCR
DNA extraction of treatment and control 

bacteria was carried out using a DNA extraction kit 
based on the instruction (Cinnagen Co., Iran). Its 
quality and quantity were analyzed on 1% agarose 
gel electrophoresis and spectrophotometry.

Eleven 10-nucleotide random primers (Cinnagen 
Co., Iran) were used to examine genomes of control 
and treated bacteria using RAPD-PCR. Primers 
sequences and properties are given in Table 1. Each 
component of the polymerase chain reaction to 
perform RAPD-PCR techniques included 1 ml of 
extracted DNA samples, 2.5 µl (x10) of PCR buffer, 
3 µl of MgCl2, 1 µl of dNTP mix, 1µl of primers 
and 0.3 µl of DNA Taq polymerase. The volume of 
PCR reaction solution was brought to the volume 
of 25 µl with deionized distilled water. PCR 
reaction was carried out in Thermal Cycler device 
(Corbett Research, Australia) under a program, 
including five-minute cycle at 95 °C for initial 
denaturation of DNA template and then 40 cycles 
involving denaturation of DNA template strands 
at 95 °C for 35 seconds, primer annealing at 30 °C 
for 45 seconds, the extension phase at 72 °C for 
45 seconds and finally a 7 minute cycle at 72 °C to 
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complete the final extension. After optimizing the 
PCR conditions, the combinations and the thermal 
profile were used for all 11 primers.

The proliferated products on 2% agarose gel 
containing red safe were electrophoresed in the TBE 
buffer (1x) for 5 hours with a voltage of 100 V.  DNA 
ladder marker with a size of 100-bp was used to 
determine the size of the product and was imaged by 
Gel Doc (Uvitec, France). Scoring the bands obtained 
from RAPD analysis was conducted according to the 
presence of bond (1) and the absence of it (0); the 
data are given in Tables 1 to 3. Then the data were 
inserted in software based on the molecular weight. 
The similarity matrix was calculated via DIC method 
and dendrogram was drawn using the UPGMA 
method in NTSYS-PC software.

RESULTS
Assessment of antimicrobial properties of silver 
nanoparticles

The results of evaluating of antibacterial effects 
of silver nanoparticles at different concentrations 
and times on S. aureus are given in Figs. 1. Adding 
silver nanoparticles to the culture medium of 
bacteria after 2, 4 and 24 hours caused significant 
changes in the reduction in bacterial growth at 
the concentrations of 100 and 150 µg/ml, proving 
the effectiveness of these particles as suitable 
antimicrobial compounds.

  
Analysis of RAPD- PCR products

Electrophoretic bands obtained from amplification 
of 11 primers by RAPD- PCR have been presented in 
Figs. 2 and 3. In each figure, primers from left to right 
are respectively related to the control sample, first 
treated sample with the concentration of 100 µg/ml 
and the second treated sample with the concentration 
of 150 µg/ml.

Then the sizes of the bands obtained from RAPD 

 
T2 T1 C band Primers 

1 1 1 1100 OPB 

1 0 1 >1500 

OPD 
1 1 1 1350 

1 1 1 450 

0 1 0 350 

1 1 0 1550 

OPS 

1 1 0 1500 

1 1 1 1100 

1 0 0 800 

1 1 1 400 

0 1 0 >1500 

OPQ17 

0 1 0 1100 

1 1 0 1000 

0 1 1 800 

0 1 0 250 

1 1 0 1100 

OPS.5 1 1 1 950 

1 1 0 640 

0 1 0 >1500 

OPA11 

1 1 0 1500 

1 1 0 1300 

1 1 0 1100 

1 1 1 900 

1 1 1 800 

0 1 0 700 

0 1 1 600 

1 0 1 400 
 
  

Table 1: Results of banding related to primers of Fig. 2
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Fig. 1: Comparison of OD changes proportional to the concentration 
of silver nanoparticles at different times after treatment

Fig. 2: Image of electrophoresis for PCR products on agarose gel
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analysis were determined using markers. Samples 
were scored as one or zero based on the presence 
or absence of bands (Tables 1 and 2). The basis 
of conclusion was a difference among bands, for 
each primer forms for control samples and treated 
samples. As shown in Table 3, 11 respective primers 
produced 44 bands, among which 26 bands were 
different between the control and treated samples.

 Based on data from RAPD, a similarity matrix 
was calculated for control and treated samples 
by DIC method that is shown in Table 4. The 
genetic distance between samples was ranged from 
0.6333333 to 1.000 in which the numbers closer 
to one shows the more genetic similarity between 
samples.

Fig. 4 shows the dendrogram drawn by UPGMA 
method in NTSYS-PC software to compare the 
genetic variations between the control and the 
samples treated with silver nanoparticles. The 
control sample and treated samples were allocated 
separately in two main branches that explain the 
genetic differences.

Principal Coordinates Analysis (PCoA) was 
used to confirm the results obtained from cluster 
analysis. As seen in Fig. 5, control genotype is 
located in a group and treated genotypes in another 
group.

DISCUSSION
Infectious diseases caused by gram-positive 

strains of drug-resistant S. aureus, which usually 
have a nosocomial origin, are increasing in many 
countries. Therefore, the many efforts have been 
made to find new alternative compounds for 
antibiotics [2,3]. 

Generally, antibacterial agents are categorized 
into two bactericidal and bacteriostatic (growth 
inhibitor) groups. Antibacterial agents are 
used against infectious diseases. However, the 
common phenomenon of use and excessive use 
of antibacterial drugs has caused resistance to 
antibacterial drugs, which is an extraordinary 
and unexpected problem. Resistance is often 
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Fig. 3: Image of electrophoresis for PCR products on agarose gel

 
T2 T1 C band primers 

0 1 1 1500 

OPA.9 
0 1 1 1300 

0 1 1 800 

1 1 1 700 

1 0 1 1300 
OPR12 

1 1 1 700 

0 0 0 >1500 

OPT17 
0 0 0 1300 

1 1 0 900 

0 1 0 500 

1 1 1 1000 

OPD.4 1 1 1 650 

1 1 1 450 

0 0 1 >1500 

OPR11 
0 0 1 1500 

1 1 1 1400 

0 0 1 1100 
 
 
Table.2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Table 2: Results of banding related to primers of Fig. 3

 
 
 
 

Nucleotide sequence of primer Primer,s name Number of formed bands difference in control and 
treated bands 

GTTTCGCTCC OPB 1 0 
ACCGCGAAGG OPD 4 2 
AGTCGGGTGG OPS11 5 3 
GAAGCCCTTG OPQ17 5 5 
TTTGGGGCCT OPS05 3 2 
CAATCGCCGT OPA11 9 7 
GGGTAACGCC OPA09 4 3 
ACAGGTGCGT OPR12 2 1 
TCTGGTGAGG OPT17 3 0 
TCTGGTGAGG OPD04 4 2 
GTAGCCGTCT OPR11 4 1 

 
Table.3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Table 3: Primer sequences
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causing changes in different essential stages of 
development. For example, antibiotics resistance 
during treatment is heritable. In addition, gene 
transfer through the conjugation, transduction, 
and transformation could be a possible cause of 
resistance [7] and leads to the bacterial development 

 
 
 
 
 

 
 
 
 
 
 

 
 

Table.4 
 

 C T1 T2 
C 1   
T1 0.6538462 1  
T2 0.6333333 0.7419355 1 

Table 4: Similarity matrix based on DIC similarity coefficient 
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Fig. 4: Dendrogram obtained from analysis based on RAPD test via UPGMA method in NTSYS-PC software
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and continuation of the infectious disease. The 
intermittent development of alternative therapeutic 
strategies has raised the bacterial diseases[20]. The 
nanoparticles provide new antimicrobial agents 
[21]. According to the studies, the antibacterial 
activity of silver nanoparticles against a wide range 
of drug-resistant bacteria, viruses, and fungi such 
as Candida albicans has been proven in previous 
studies[4, 9, 14,17,21].

The results of a study on inhibitory properties 
of bacteria in different times and concentrations 
of treatment with silver nanoparticles on S. 
aureus in this study indicated that treatment of 
bacteria with different concentrations of silver 
nanoparticles after 4 hours caused significant 
changes on the reduction in studied bacteria at the 
concentrations of 100 and 150 µg/ml. Given that, 
many studies have proved antimicrobial effects 
of silver nanoparticles, and since heritability of 
antibiotic resistance in bacteria leads to multiple 
drug resistance (MDR) that are associated with 
plasmid gene, so the main objective of this study 
was to investigate the effects of silver nanoparticles 
on the genome of S. aureus as a model for gram-
positive bacteria. Silver nanoparticles may 
affect the antibiotic resistance in bacteria by 
the antibacterial activity of the genes because 
nanoparticles could induce DNA single-strand 
break and affect the expression of the gene [22].

Li et al. [2012] reported that silver nanoparticle 
could penetrate to bacterial cells and affect 
DNA twisting, thus preventing replication and 
proliferation of the cell. Also, silver nanoparticles 
are combined with the thiol groups in the 
respiratory enzymes and could inhibit respiration 
process in bacterial cellular [23,24]. As shown in 
Table 3, 11 primers produced 44 bands in which 
26 bands were different between the control and 
treated samples.

This difference indicates a change in the DNA 
sequence, which is caused by silver nanoparticles. 
As a result, a large number of primers did not 
detect target sequences. Therefore, the respective 
segment was not reproduced and its bands were 
not observed on an agarose gel. The difference 
between the bands observed in the treated and 
control groups of bacteria represents that the target 
sequences of primers have changed in the treated 
bacteria, which resulted in a difference in primers 
annealing and so segment amplification in PCR.

Changes in DNA sequence obtained in the 
present study could also be a factor to inhibit 

the growth and cell cycle through mutation and 
subsequently cause a change in gene expression 
associated with the growth and cell cycle control 
[25,26, 27].  Silver could release silver ions inside 
the cell that react with DNA phosphorus and 
disable DNA replication. Silver ions could increase 
ROS level, react with the sulfur-containing proteins, 
inhibit the respiratory enzymes and lead to the cell 
death [28,29,30]. Sondi et al. [2004] demonstrated 
that nanoparticles affect the enzymes involved in 
replication [31]; as a result, it can be concluded 
that bacteria in the growth and replication phase 
treated with silver nanoparticles in this study 
during replication and DNA repair mechanisms 
performing by the respective enzymes have been 
disrupted to cause multiple mutations in the DNA 
sequence .The results observed in this study also 
demonstrate reduced bacterial growth and confirm 
the mentioned statement. This conclusion needs 
further research. 

  
CONCLUSION

The results of the present study indicated 
the efficacy of silver nanoparticles at the lowest 
dose and shortest time as an antibacterial agent. 
In addition, genetic diversity between control 
and treated bacteria demonstrated the silver 
nanoparticles effect on the genome of S. aureus as a 
model for gram-positive bacteria.

However, it is necessary to conduct further 
studies on the use of nanoparticles. Accordingly, 
nanoparticles affect bacterial DNA and cause 
mutations. The release of ions and subsequently 
ROS production are the main reasons of cytotoxic 
effect on most organisms including prokaryotes and 
eukaryotes cells.  The nanoparticles could probably 
affect the human body and other organisms when 
using in large amounts or repeatedly in various 
industries, such as food and medicine, make 
mutations and eventually cancer. It is suggested 
to be conducted future studies investigating the 
effects of using nanoparticles on eukaryotic cells 
and genome as well as its effects on cancerous cells, 
so nanoparticles could be used more confidently in 
a variety of industries including food and medical 
industries.
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