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Silver nanoparticles (AgNPs) are considered a good alternative for antibiotics due to emerging 
Multidrug Resistance (MDR) crisis. Resistance to AgNPs is approximately limited among Gram-positive 
and Gram-negative pathogens. Low toxicity to human cells permits its safe use as a new antimicrobial 
with broad spectrum. Bacterial cells are used as a factory for AgNPs synthesis supplying a powerful 
antimicrobial with eco-friendly way. In this study, MDR Escherichia coli strains were recovered from 
patients attending Minia University hospital. Biogenic synthesis of AgNPs was performed using E. coli 
cells. Transmission Electron Microscopy (TEM) was used to characterize AgNPs size and shape. 
Antibacterial activity of AgNPs was tested against the MDR E. coli isolates. Screening for Sil and Omp 
genes was done using polymerase chain reaction (PCR). A total of 13 MDR E. coli bacterial culture 
supernatant isolates were recovered from patients under study. Biosynthesis of AgNPs was observed 
after addition of supernatant to AgNO3 by color change from yellow to brown. TEM characterization 
indicated the presence of silver nanoparticles with 15-75 nm particle size range. Eleven of MDR E. coli 
isolates were sensitive to biogenic AgNPs under study. SilB and SilE genes were encoded by the two 
AgNPs-resistant E. coli isolates which were negative for OmpF and OmpC genes, respectively 
demonstrating the role of Sil efflux pump genes and porin deficiency in AgNPs resistance. As indicated, 
the emergence of silver resistance due to the wide spread of biocides including silver has become a 
great challenge for the treatment of different infections.  
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INTRODUCTION 
 
Bacterial infections caused by Escherichia coli are the 
most common between hospitalized patients including 
septicemia, urinary tract infections, enteritis and neonatal 
meningitis (Allocati et al., 2013). Prevalence of 
antimicrobial resistance among clinical bacterial isolates 
is growing everyday representing a great medical 
challenge    for     microbiologists     and      health     care 

professionals all over the world (Prestinaci et al., 2015). 
Trials for finding effective alternatives for routinely used 
antibiotics are being made to overcome antimicrobial 
resistance crisis. AgNPs are promising alternatives which 
possess great antibacterial and antiviral activity. 
Antibacterial activity of AgNPs was greater against Gram-
negative  bacteria   than   Gram-positive    ones,    due  to
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attraction between negative charges on Gram-negative 
lipopolysaccharide and weak positive charge on AgNPs 
(Franci et al., 2015). Green synthesis using bacterial cells 
is considered a friendly approach for creating AgNPs in a 
more economic and safe way (Ghorbani, 2013). Bacterial 
cell enzymes such as nitrate reductase reduce Ag

+
 ions 

to AgNPs, which are indicated by colorimetric reaction 
(Rajesh et al., 2014). Antibacterial activity of 
biosynthesized AgNPs has been screened against 
different Gram-negative isolates including E. coli 
indicating observable inhibitory activity (Abu-Zaid, 2016). 
Resistance to AgNPs can be correlated to decrease 
permeability either due to porin deficiency in Gram-
negative cell wall or due to presence of Sil genes which 
encodes efflux pumps (Gupta et al., 1999). Porins (outer 
membrane proteins) are encoded by Omp genes. OmpF 
and OmpC are two major proteins of E. coli outer 
membrane, these proteins have a role in small hydrophilic 
molecules passive diffusion through bacterial membrane 
(Matsuyama et al., 1986).  Sil efflux genes consist of 
SilRS (transcriptional regulatory system which consists of 
two components), this system controls SilE (protein binds 
to periplasm). Another components are two efflux pumps 
SilP (a P-type ATPase) and SilCBA (three protein 
chemiosmotic RND Ag (I)/H* exchange system) (Silver, 
2003). In the present study, AgNPs were biosynthesized 
using E. coli cells, antibacterial activity of AgNPs against 
clinical MDR E. coli isolates, recovered from patients 
suffering from gastroenteritis, was studied using agar well 
diffusion method and the presence of OmpC, OmpF, SilB 
and SilE, SilP, SilS genes were screened among 
recovered isolates. 
 
 
MATERIALS AND METHODS 
 
Collection of samples 
 
A total of 30 stool samples were collected from patients suffering 
from bacterial gastroenteritis attending department of accident and 
emergency in Minia University hospital (Minia, Egypt), samples 
were collected from March 2018 to April 2018. 
 
 
Isolation of E. coli strains 
 
Fecal samples were processed as follow: 3 g of fecal samples were 
mixed with normal saline, and centrifuged. The supernatants were 
discarded and the deposit was suspended in peptone water. 
Aliquots were used for the inoculation of MacConkey agar (Oxoid, 
UK), followed by an overnight incubation at 37°C. E. coli positive 
cultures were confirmed using biochemical tests (Himedia, India) 
(catalase positive, methyl red positive, indole positive, nitrate 
reduction positive and citrate negative) and the formation of metallic 
sheen on Eosin methylene blue agar. 
 
 
Antimicrobial susceptibility testing 
 
Amoxycillin/clavulanic acid, norfloxacin, azithromycin, cefoperazone 
levofloxacin, ceftriaxone, sulfamethoxazole/trimethoprime, 
cefuroxime, imipenem, tetracycline, cefipime,  amikacin  were  used  

 
 
 
 
for testing antimicrobial activity against E. coli isolates. Disk method 
using Muller-Hinton agar plates was applied for antimicrobial 
susceptibility testing. By inoculating nutrient agar plates with 
suspension of inoculum and streaking of bacterial suspension using 
cotton swab. Antibiotic discs (Oxoid, UK) were applied after drying 
of inoculated nutrient agar plates. Diameters of inhibition zones 
were measured indicating sensitive or resistant isolates according 
to CLSI standards (CLSI, 2008). 
 
 
Silver nanoparticles biosynthesis 
 
E. coli culture was obtained from Microbiology and Immunology 
Department, Faculty of Pharmacy, Minia University. Nutrient broth 
was used to inoculate E. coli isolate. Supernatant was obtained by 
centrifugation of E. coli culture for 15 min at 5000 rpm and added to 
the flask of sterile aqueous AgNO3 (1 mM). The reaction was 
performed for 10 min in bright conditions (Ghorbani, 2013). 
 
 
Silver nanoparticle isolation and purification 
 
By centrifugation of mixture of supernatant and AgNO3 for 20 min at 
10000 rpm, AgNPs were isolated. The AgNPs pellet was washed 
by centrifugation with sterile distilled water twice for 20 min at 1000 
rpm, so the culture filtrate and excess silver ions were removed. 
Freeze drying was used to obtain AgNPs pellet as powder for 
further characterization and applications (Rajesh et al., 2014).  
 
 
AgNPs characterization 
 
Transmission electron microscope (TEM) (JEM1010, JEOL,Tokyo, 
Japan) was used to characterize shape and size of the isolated 
AgNPs. A nanoparticle solution drop was placed over carbon-
coated copper grids and left for water evaporation. Then, size and 
shapes of AgNPs were examined (Rajesh et al., 2014).  
 
 
AgNPs antibacterial activity 
 
Antibacterial screening was performed using disc diffusion method 
by preparing nutrient agar and nutrient broth culture of tested 
isolates. Both nutrient agar and broth cultures were mixed together. 
The mixture was poured onto sterile petridishes. AgNPs discs were 
prepared by sterilizing filter paper discs in autoclave, dipping into 
AgNO3 solution (10 µg/ml) and drying in air in sterile area. AgNPs 
discs were placed onto the nutrient agar after seeding with broth 
culture. After incubation for 24 h at 37°C, inhibitory activity of 
AgNO3 discs was indicated by presence of inhibition zones around 
the discs (Rosoanaivo and Ratsimamamanga-Urvery, 1993; 
Malabadi et al., 2005). Data entry and analysis were all done using 
software called Statistical Package for Social Science (SPSS) (IBM, 
U.S.A).  
 
 
DNA extraction 
 
The DNA template was prepared by boiling of suspension of 
bacterial pellet for 10 min and directly used in the PCR assay. 
Genomic DNA was extracted from E. coli overnight culture by 
method described by Wilson (1987).   
 
 
PCR primers and condition 
 
PCR reaction was performed in a total of 50 µl reaction as follows: 
DNA  extract  (5 µl),  each primer (50 pmole), Go Taq Green Master  
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Table 1. Primers in the study with corresponding amplification products. 
 

Gene name   Sequence 
Amplification 
product (bp) 

References 

OmpF 
Forward: ACCTGGCAGCGAACTACG  

Reverse: AACATCACCGATACCTTCTACG 
191 Vinson et al., 2010 

OmpC 
Forward: CAGGATGTGGGTTCTTTCG  

Reverse: GAAGTCAGTGTTACGGTAGG 
162 Vinson et al., 2010 

SilB 
Forward: CAAAGAACAGCGCGT GATTA    

Reverse: GCTCAGACATTGCTGGCATA 
233 Woods et al., 2009 

SilE 
Forward: GTACTCCCCCGGACATCACTAATT   

Reverse: GGCCAGACTGACCGTTATT 
400 Percival et al., 2008 

SilS 
Forward: GGAGATCCCGGATGCATAGCAA 

Reverse: GTTTGCTGCATGACAGGCTAAAGACATC 
1500 Percival et al., 2008 

SilP 
Forward: CATGACATATCCTGAAGACAGAAAATGC 

Reverse: CGGGCAGACCAGCAATAACAGATA 
2500 Percival et al., 2008 

 
 
 
mix (Promega) (25 µl). Conditions for OmpC and OmpF genes 
were: initial denaturation step at  94°C (3 min), 35 cycles of 
denaturation at 94°C (45 s), annealing of primers at 53°C for OmpC 
/ 54°C for OmpF (45 s) and extension step at  72°C (1 min) then 
final extension at 72°C (5 min) (Vinson et al., 2010). Conditions for 
SilB, SilS and SilP genes were 95°C (5 min) and 30 cycles at 95°C 
(30 s), at 57°C (30 s) and 72°C (30 s) then final elongation at 72°C 
(5 min)  (Losasso et al., 2014). Conditions for SilE gene were 94°C 
(5 min), 30 cycles at 94°C (30 s), 55°C (30 s), 72°C (3 min) then 
final elongation at 72°C (12 min) (Shutterlin et al., 2014). Agarose 
gel (2%) with ethidium bromide (Sisco Research Laboratories Pvt, 
Ltd., India) staining was used to analyze PCR products; gel 
document system was used to visualize DNA bands (Gel Doc 2000; 
Bio-Rad, USA)( Table 1). 

 
 
RESULTS 

 
Prevalence of isolates 

 
In the present study, out of thirty stool samples, 13 
(43.3%) E. coli isolates were recovered. 
 
 
Antimicrobial susceptibility testing 
 
Table 2 indicates that all E. coli isolates are resistant to 
most tested antimicrobial agents such as amoxycillin/ 
clavulanic acid, norfloxacin, azithromycin, cefoperazone, 
levofloxacin, ceftriaxone, sulfamethoxazole/ 
trimethoprime, cefuroxime and imipenem.  

 
 
Silver nanoparticles synthesis 

 
Silver nanoparticles formation were detected by the 
change of color of AgNO3 solution after addition of 
bacterial supernatant to yellow, orange then brown 
(Figure 1). 

Silver nanoparticle characterization 
 
AgNPs characters were detected by TEM, the TEM 
micrographs of biogenic AgNPs showing that particles 
are spherical with size ranges from (15-75) nm (Figure 2). 
 
 
Antibacterial activity of AgNPs against MDR E. coli 
isolates 
 
Our study shows that out of 13 E. coli isolates tested, 11 
(84.6%) were sensitive to AgNPs which indicated by 
presence of inhibition zone with a diameter ≥ 1.6 cm 
around prepared AgNPs discs (Table 3).  
 
 

Screening of Omp and Sil genes 
 

Figures 3a and b show that among 13 E. coli isolates 
tested, one isolate was positive for SilB gene and another 
was positive for SilE gene but No strain was positive for 
SilP or SilS genes. Figure 4 shows  that 11 E. coli 
isolates tested were positive for OmpC and OmpF genes 
and only two isolates were negative for OmpF (SilB 
positive) and OmpC (SilE positive). All isolates were 
negative for SilS and SilP genes. 
 
 
DISCUSSION 
 

Silver was known for longtime by its antibacterial and 
antifungal activity. By increasing the incidence of 
antimicrobial resistance between clinical pathogens, 
silver use as AgNPs has found a great application in 
healthcare facilities such as wound dressings and 
antimicrobial agents (Shutterlin et al., 2012). Bacterial 
cells are found to supply a good factory for AgNPs 
synthesis  (Ghorbani, 2013). In the present study, AgNPs 
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Table 2. Antimicrobial susceptibility of the tested E. coli isolates. 
 

Isolate no. Resistance pattern Sensitivity pattern 

1 AMC, NOR, AZM, CFP, LEV, CRO, SXT,CXM,IPM TE, FEP, AK 

2 AMC, NOR, AZM, CFP, LEV, CRO,SXT TE, FEP, AK, CXM, IPM 

3 AMC, NOR, AZM, CFP, LEV, CRO, SXT, CXM, IPM, TE FEP, AK 

4 AMC, NOR, AZM, CFP, LEV, CRO, SXT, CXM, IPM TE, FEP, AK 

5 AMC, NOR, AZM, CFP, LEV, CRO, SXT, CXM, IPM, AK TE, FEP 

6 AMC, NOR, AZM, CFP, LEV, CRO, SXT CXM, IPM, AK, TE, FEP 

7 AMC, NOR, AZM, CFP, LEV, CRO, SXT, CXM, IPM AK, TE, FEP 

8 AMC, NOR, AZM, CFP, LEV, CRO, SXT, CXM IPM, TE, FEP, AK 

9 AMC, NOR, AZM, CFP, LEV, CRO, SXT, CXM IPM, TE, FEP, AK 

10 AMC, NOR, AZM, CFP, LEV, CRO SXT,CXM, IPM, TE, FEP, AK 

11 AMC, NOR, AZM, CFP, LEV, CRO, SXT, CXM, IPM, TE FEP, AK 

12 AMC, NOR, AZM, CFP, LEV, CRO, SXT, CXM, IPM, AK TE, FEP 

13 AMC, NOR, AZM, CFP, LEV, CRO, SXT, CXM, AK IPM, TE, FEP 
 

AMC, Amoxycillin/clavulanic acid; NOR, Norfloxacin; AZM, Azithromycin; CFP, Cefoperazone; LEV, Levofloxacin; 
CRO, Ceftriaxone; SXT, Sulfamethoxazole/trimethoprime; CXM, Cefuroxime; IPM, Imipenem; TE, Tetracycline; 
FEP, Cefipime; AK, Amikacin. 

 
 
 

 
 

Figure 1. Colorimetric reaction due to formation of AgNPs. 

 
 
 
were synthesized biogenically from E. coli strain by 
addition of bacterial supernatant to AgNO3 solution and 
the reaction color change to brown within 10 min in the 
light suggesting that nitrate reductase enzyme of E. coli 
reduced Ag

+
 ions to AgNPs. Formation of brown color 

was suggested to be due to surface plasmon vibration 
excitation in AgNPs. Extracellular reduction by E. coli was 
applied for AgNPs synthesis (Ghorbani, 2013). 
Lactobacillus acidophilus culture was filtered and used for 
AgNPs synthesis by Ag

+
 reduction at room temperature 

within one day time (Rajesh et al., 2014). Also, Nitrate 
reductase of B. licheniformis has a role in AgNPs 
synthesis (Kalimuthu et al., 2008). AgNPs isolated in this 
study and characterized by TEM micrographs showed 
spherical shape with size ranges from 15-75 nm. Smaller 
size AgNPs shows antimicrobial activity greater than 
larger ones (Rai et al., 2012). Also, shape of AgNPs is of 
great influence as rod-shaped and  spherical  AgNPs  are 

less effective as biocidals against E. coli than triangular 
ones (Pal et al., 2007; Sharma et al., 2009). Particle size 
(4-50 nm) with spherical shape also indicated for AgNPs 
synthesized from Lactobacillus acidophilus (Rajesh et al., 
2014). In another study, it was reported that AgNPs size 
ranges from 10-100 nm (Ghorbani, 2013).  

The previous findings are in agreement with the results 
obtained in the present study as AgNPs were 
biosynthesized extracellularly with particle size ranges 
from 10-80 nm. As illustrated in our study, AgNPs discs 
showed inhibitory activity against 11 (84.6%) MDR E. coli 
clinical isolates. Gram-negative bacteria such as 
Klebsiella pneumonia, E. coli and Gram-positive such as 
Staphylococcus aureus and Bacillus subtilis are affected 
by antibacterial activity of AgNPs (Malabadi et al., 2012). 
Confirmation with high antimicrobial activity of biogenic 
AgNPs against MDR E. coli was reported (Abu-Zaid, 
2016). It  was  indicated that K. pneumoniae was affected 
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Figure 2. TEM micrographs of biogenic AgNPs. 

 
 
 

Table 3. Antimicrobial activity of AgNPs against tested E. coli isolates. 
 

E. coli isolated in the study Zone of inhibition (cm) 

Isolate no. 1 1.6 

Isolate no. 2 0 

Isolate no. 3 1.6 

Isolate no. 4 1.7 

Isolate no. 5 1.8 

Isolate no. 6 1.6 

Isolate no. 7 1.7 

Isolate no. 8 0 

Isolate no. 9 1.7 

Isolate no. 10 1.6 

Isolate no. 11 1.6 

Isolate no. 12 1.6 

Isolate no. 13 1.6 
 

Mean = 1.39, Standard deviation = 0.59. 

   

 

 

 

 

A 

 

 

A 

B 

 

Figure (2): TEM micrographs of biogenic AgNPs. 
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Figure 3. PCR products of SilB gene (A), all lanes are negative for SilB gene except 
lane 7 showed band of 233 bp and SilE gene (B), all lanes are negative for SilE gene 
except lane 2 showed a band of 400 bp. 

 
 
 

 
 

Figure 4. PCR products of OmpF (lanes 2-6 from left to right) and OmpC 
(lanes 7-11 from left to right), Lane 6: OmpF negative and Lane 11: OmpC 
negative. 

 
 
 
by Lactobacillus acidophilus-synthesized AgNPs 
antibacterial activity (Rajesh et al., 2014). AgNPs 
antibacterial activity against E. coli was reported (Cunha 
et al., 2016; Li et al., 2010). Mode of action of  AgNPs  as 

antimicrobial may be attributed to free radicals 
generation, also after penetration of AgNPs into the cells, 
oxidative stress was reported (Hussain et al., 2006). 
Particle  size  of  AgNPs  is  influential  in  its antibacterial  
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action as E. coli was killed by low concentration of 16 nm-
size AgNPs, which was found inside bacteria and it is cell 
wall adherent (Raffin et al., 2008). Also, E. coli membrane 
disruption by 20 nm-size AgNPs was illustrated after few 
minutes’ exposure indicating effect of large surface area 
of AgNPs on its antimicrobial efficiency (Raffin et al., 
2008). Yeast, Staphylococcus aureus and E. coli were 
inhibited and killed by AgNO3 and Ag

+
 ions (Kim et al., 

2007). Heat shock protein expression of E. coli was 
altered by short AgNPs exposure (Lok et al., 2006). Due 
to safe AgNPs use against human cells and effective low 
concentration, AgNPs are more applicable as 
antimicrobial agent (Abo-Neima and El-Khaly, 2016). In 
addition to antibacterial activity, also cells infected with 
HIV were killed due to AgNPs antiviral activity (Sun et al., 
2005). It was found that combination of AgNPs with 
antibiotic increase its antibacterial activity (Ingle et al., 
2009, Rathod and Ranganath, 2011). MDR E. coli and 
Streptococcus species showed great response to AgNPs 
antimicrobial action (Lara et al., 2010). All previous 
reports agree with our results as AgNPs showed good 
antibacterial activity against MDR isolates. In another 
finding, E. coli isolates showed no response to AgNPs 
indicated by absence of inhibition zone which is in a 
disagreement with results obtained in our study 
(Inbaneson et al., 2011). Our study shows that 11 
isolates were positive for OmpC and OmpF genes as it 
confirms the presence of porin channels among 11 
AgNPs-sensitive tested E. coli isolates. Also, absence of 
OmpC and OmpF genes is observed among AgNPs-
resistant E. coli isolates. Ag+ ions enter the bacterial cell 
thorough porins and in case of porin protein mutation, E. 
coli becomes resistant to silver antibacterial activity (Li et 
al., 1997). When OmpF or OmpC porins are absent due 
to mutation, E. coli becomes 4-8 times less susceptible to 
the antibacterial activity of AgNPs (Radzig et al., 2013). 
The previous reports agree with our findings with respect 
to the role of Omp genes in E. coli response to 
antibacterial activity of AgNPs. The present study 
illustrated the absence of SilB and SilE genes among 11 
tested E. coli isolates and only two isolates were positive 
for SilB and SilE genes for each. These two isolates were 
resistant to AgNPs antibacterial activity while other 11 
isolates were AgNPs sensitive as confirmed by the 
absence of Sil genes. Bacteria resist silver by uptake 
decrease, cell membrane alteration and efflux pump that 
cause silver to be expelled out of cell (Silver and Phung, 
2005). SilB is a fusion protein in periplasmic space which 
links SilA (pump protein present in inner membrane) to 
SilC (porin channel). SilB gene is an indicator for 
resistance of Gram-negative to silver (Silver et al., 2006). 
Whether in presence or absence of nanosilver, SilB gene 
is constitutively expressed among Salmonella 
senftenberg (Losasso et al., 2014). SilE gene was 
common among E. coli isolates producing CTX-M after 
exposure to silver (Shutterlin et al., 2014). The previous 
findings are in agreement with our  results  as  Sil  operon 
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plays a role in AgNPs resistance. As illustrated in our 
study, one E. coli isolate was found negative for OmpF 
and positive for SilB and another E. coli isolate was found 
negative for OmpC and positive for SilE, these two 
isolates were AgNPs resistant confirming the role of 
efflux pump encoded by Sil gene and the effect of porin 
absence in E. coli resistance to AgNPs. In another report, 
Sil genes were not correlated to resistance of E. coli to 
silver (Shutterlin et al., 2012) which contradicts with the 
findings of the present study.   
 
 
Conclusion 
 
Although silver resistance was not frequent among 
bacterial isolates for long time, the presence of Sil genes 
and absence of Omp genes have a great influence in E. 
coli response to AgNPs antibacterial activity indicating 
that silver resistance among MDR isolates is a possible 
behavior which threatens the power of silver as a strong 
old biocidal.  
 
 
CONFLICT OF INTERESTS 
 
The authors have not declared any conflict of interests. 
 
 
ACKNOWLEDGMENT 
 

Thanks for the great help offered by members of Electron 
Microscopy Unit in Assuit University to complete this 
work. 
 

 
REFERENCES 
 
Abo-Neima SE, El-Kholy SM (2016). Antibacterial characterization 

studies of silver nanoparticles against Staphylococcus aureus and 
Escherichia coli. Egyptian Journal of Biophysics and Biomedical 
Engineering 17:81-96. 

Abu-zaid AA (2016). Antibacterial effect of green synthesis silver 
nanoparticles against Escherichia coli. Research Journal of Fisheries 
and Hydrobiology 11(9): 7-14.  

Allocati N, Maulli M, Alexeyev M, Iilo C (2013).  Escherichia coli in 
Europe: An Overview International Journal of Environmental 
Research and Public Health 10:6235-6254. 

CLSI (2008). Performance standards of antimicrobial disk susceptibility 
test: Ninth Informational Supplement. NCCLS document M100-S9. 
National Committee for Clinical Laboratory Standards. Clinical and 
Laboratory Standards Institute, Wayne, PA: 120–6. 

Cunha FA, Maia KR, Mallman EJ, Cunha MD, Maciel AA, Souza IP, 
Menezes EA, Fechine PB (2016). Silver nanoparticles-disk diffusion 
test against Escherichia coli isolates. Revista do Instituto de  edicina 
 ropica  de   o  au o. 58:73. 

Franci G, Falanga A, Galdiero S, Palomba L, Rai M, Morelli G, Galdiero 
M (2015). Silver nanoparticles as potential antibacterial agents. 
Molecules 20: 8856-8874. 

Ghorbani HR (2013). Biosynthesis of silver nanoparticles by Escherichia 
coli. Asian Journal of Chemistry 25(3):1247-1249. 

Gupta A, Matsui K, Lo JF, Silver S (1999). Molecular basis for 
resistance to silver cations in Salmonella. Nature Medicine 5:183-
188. 



98          Afr. J. Microbiol. Res. 
 
 
 
Hussain S, Javorina A, Schrand A, Duhart H, Ali S, Schlager J (2006). 

The interaction of manganese nanoparticles with PC-12 cells induces 
dopamine depletion.  Toxicological Sciences 92:456. 

Inbaneson SJ, Ravikumar S, Manikandan N (2011). Antibacterial 
potential of silver nanoparticles against isolated urinary tract 
infectious bacterial pathogens. Applied Nanoscience 1:231-236. 

Ingle A, Rai M, Gade A, Bawaskar M (2009). Fusarium solani: a novel 
biological agent for the extracellular synthesis of silver nanoparticles. 
J Nanopart Mater Res. 11: 2079-2085. 

Kalimuthu K, Babu RS, Venkatraman D, Bilal M, Gurunathan S (2008). 
Biosynthesis of silver nanocrystals by Bacillus licheniformis. Colloids 
and Surfaces B: Biointerfaces 65: 150-153. 

Kim JS, Kuk E, Yu KN, Kim JH, Park SJ, Lee HJ, Kim SH, Park YK, 
Park YH, Hwang CY, Kim YK, Lee YS, Joeng DH, Cho MH (2007). 
Antimicrobial effects of silver nanoparticles. Nanomedicine  3:95. 

Lara HH, Ayala-Núñez NV, Turrent LD, Padilla CR (2010). Bactericidal 
effect of silver nanoparticles against MDR bacteria. World Journal of 
Microbiology and Biotechnology 26:615-621. 

Li W, Xie XB, Shi QS, Zeng HY, Yng YOU, Chen YB (2010). 
Antibacterial activity and mechanism of silver nanoparticles on 
Escherichia coli. Applied Microbiology  Biotechnology  85: 1115-
1122. 

Li XZ, Nikaido H, Willliams KE (1997). Silver resistant mutants of 
Escherichia coli display active efflux of silver ions and are deficient in 
porins. Journal of Bacteriology 179:6127-6132. 

Lok CN, Ho CM, Chen R, He QY, Yu WY, Sun H, Tam PK, Chiu JF, 
Che CM (2006). Silver nanoparticles: partial oxidation and 
antibacterial activities. Journal of Biological Inorganic Chemistry 
12(4):527-534. 

Losasso  C, Belluco S, Cibin V, Zavagnin P, Micetic I, Gallocchio F, 
Zanella M, Bregoli L, Biancotto G, Ricci A (2014). Antibacterial 
activity of silver nanoparticles: sensitivity of different Salmonella 
serovars. Frontiers in Microbiology 5(227):1-8. 

Malabadi RB, Mulgund GS, Meti NT, Nataraja K, Kumar SV (2012). 
Antibacterial activity of silver nanoparticles synthesized by whole 
plant extracts of Clitoria ternatea. Research in Pharmacy 2(4):10-21.   

Malabadi RB, Mulgund GS, Nataraja K (2005). Screening of 
antibacterial activity in the extracts of Clitoria ternatea (Linn). Journal 
of Medicinal and Aromatic Plant Sciences 27: 26-29. 

Matsuyama S, Mizuno T, Mizushima S (1986). Interaction between two 
regulatory proteins in osmoregulatory expression of ompF and ompC 
genes in Escherichia coli: a novel ompR mutation suppresses 
pleiotropic defects caused by an envZ mutation. Journal of 
Bacteriology 168(3):1309-1314. 

Pal S, Tak YK, Song JM (2007). Does the antibacterial activity of silver 
nanoparticles depend on the shape of the nanoparticle? A study of 
the Gram-negative bacterium Escherichia coli. Applied Environmental 
Microbiology 73:1712-20. 

Percival SL, Woods E, Nutekpor M, Bowler P, Radford A, Cochrane C 
(2008). Prevalence of silver resistance in bacteria isolated from 
diabetic foot ulcers and efficacy of silver-containing wound dressings. 
Ostomy Wound Management 54:30-40.  

Prestinaci F, Pezzotti P, Pantosti A (2015).  Antimicrobial resistance: a 
global multifaceted phenomenon. Pathogens and Global Health 
109(7):309-318.  

Radzig MA, Nadtochenko VA, Koksharova OA, Kiwi J, Lipasova VA, 
Khmel IA (2013). Antibacterial effects of silver nanoparticles on 
Gram-negative bacteria: influence on the growth and biofilms 
formation, mechanisms of action. Colloids and Surfaces B: 
Biointerfaces 102:300-306. 

Raffin M, Hussain F, Bhatti TM, Akhter JI, Hameed A, Hasan MM 
(2008). Antibacterial characterization of silver nanoparticles against 
E. coli ATCC-15224. Journal of Materials Science and Technology 
24:192-196. 

Rai MK, Deshmukh SD, Ingle AP, Gade AK (2012). Silver nanoparticle: 
the powerful nanoweapon against multidrug resistant bacteria. 
Journal of Applied Microbiology 112:841-52. 

Rajesh S, Dharanishanthi V, Kanna VA (2014). Antibacterial 
mechanism of biogenic silver nanoparticles of Lactobacillus 
acidophilus. Journal of Experimental Nanoscience pp. 1-10. 

 

 

 
 
 
 
Rathod V, Ranganath E (2011). Synthesis of monodispersed silver 

nanoparticles by Rhizopus stolonifer and its antibacterial activity 
against MDR strains of Pseudomonas aeruginosa from burnt 
patients. International Journal of Environmental Sciences 1(7):1582 

Rosoanaivo P, Ratsimamanga-Urverg S (1993). Biological evaluation of 
plants with reference to the Malagasy flora. Napreca. Madagascar 
9(4&3):72-83. 

Sharma VK, Yngard RA, Lin Y (2009). Silver nanoparticle: Green 
synthesis and their antimicrobial activities. Advances in Colloid and 
Interface Science 145:83-96. 

Shutterlin S, Edquist P, Sandegren L, Adler M, Tangden T, Drobni M, 
Olsen B, Melhus A (2014). Silver resistance genes are 
overrepresented among Escherichia coli isolates with CTM-M 
production. Applied and Environmental Microbiology 80(22):6863-
6869. 

Shutterlin S, Tano E, Bergsten A, Tallberg A, Melhus, A (2012). Effects 
of silver-based wound dressings on the bacterial flora in chronic leg 
ulcers and its susceptibility in vitro to silver. Acta Dermato-
Venereologica 92:34-39. 

Silver S (2003). Bacterial silver resistance: molecular biology and uses 
and misuses of silver compounds. FEMS Microbiology Reviews 
27:341-353. 

Silver S and Phung LT (2005). A bacterial view of the periodic table: 
genes and proteins for toxic inorganic ions. Journal of Industrial 
Microbiology and Biotechnology 32:587-605. 

Silver S, Phung LT, Silver G (2006). Silver as biocides in burn and 
wound dressings and bacterial resistance to silver compounds. 
Journal of Industrial Microbiology and Biotechnology 33:627-634. 

Sun RWY, Chen R, Chung NPY, Ho CM, Lin CLS (2005). Silver 
nanoparticles fabricated in Hepes buffer exhibit cytoprotective 
activities toward HIV-1 infected cells. Chemical Communications 
40:5059. 

Vinson HM, Gautam A, Olet S, Gibbs PS, Barigye R (2010). Molecular 
analysis of porin gene transcription in heterogenotypic multidrug 
resistant Escherichia coli isolates from scouring calves. Journal of 
Antimicrobial Chemotherapy 65:1926-1935. 

Wilson K (1987). Preparation of genomic DNA from bacteria. Current 
protocols in Molecular Biology 56(1):2-4. 

Woods E, Cochrane C, Percival S (2009). Prevalence of silver 
resistance genes in bacteria isolated from human and horse wounds. 
Veterinary Microbiology 138:325-329.  

 
 
 


