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Five isolates of Gram negative bacteria (Klebsiella pneumoniae, Psuedomonas auroginosa, proteus 
mirabilis and two strains of E.coli) were in quested for the ability of bearing silver nanoparticles by using 
LB medium, all the isolates of bacteria were buttered brown color just as soon as mixed the supernatant 
of bacterial culture with AgNO3 solution, that refered the biosynthesis of Silver nanoparticles (Ag NPs). 
UV–visible spectrophotometer and Fourier transform infrared (FTIR) spectroscopy were utilized for 
estimation of (Ag NPs). The five isolates of bacteria were tendered to produce spontaneous mutants   by 
using   different kinds of antibiotics, Ampicillin put to use for making mutant in E.coli and Proteus 
mirabillis, while Pseudomonas aeruginosa and Klebsiella pnuemoniae were mutated by applying 
Gentamycin and Cefotaxime respectively.   The antimicrobial liveliness of the crud solution of silver 
nanoparticles arranged from the five wild and mutant isolates of G-ve bacteria was tested against 
separate types of bacteria and fungi. 
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INTRODUCTION 

Nanotechnology is a new direction in the 
antimicrobial field that is being developed to put 
an end to resistant microbes (Mohamed, A. et al., 
2017) The term nanotechnology was first 
conceived by Professor Nario Taniguchi in Japan 
in 1934 that depicted producing precise materials 
in nano-scales (Ahmadi, F. et al.,2013). Metal 
nanoparticles are of much importance because of 
their catalytic activity, optical properties, electronic 
properties, antimicrobial and magnetic activity 
(Kumari , J. et  al., 2016) 

 Silver ions and there derivative compounds 
are highly toxic to microorganisms. The medical 
properties of silver were known for over 2000 
years (Sukumaran, P. and Eldho, K. P. 2012). 
Silver nanoparticles have promising applications 
in nanotechnology and nano-medicine and have 
been certified for their bactericidal activity against 

wide spectrum of bacterial infections (Gajbhiye,M. 
et al., 2009). 

They can be synthesized by using variety 
methods including physical and chemical 
methods, electrochemical and photochemical 
reduction and heat evaporation (Umoren,S. A. et 
al., 2014), many of these methods are precious or 
use toxic precursors such as stabilizers which 
may cheat potential environmental and biological 
gambles. An alternate, attainable method to 
generate silver nanoparticles is to manipulate 
biological methods of using microbes, fungi and 
plants. The use of microorganism extract has 
outcome in an easy method to integrate 
nanoparticles with characteristic shapes, size and 
morphology (Iravani, S. et al., 2014). Microbial 
integration of metal nanoparticles can take place 
either intracellular or extracellular, but 
extracellular biosynthesis is affordable and it 
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demands simpler downstream processing (Das,V. 
L. et al., 2014). 

 Silver is generally utilized in the nitrate form 
to convince antimicrobial effect, but when silver 
nanoparticles are applied, there is a gigantic 
increase in the surface area available for the 
microbe to be apparent to (Sukumaran, P. and 
Eldho, K. P. 2012) .Despite the fact that silver 
nanoparticles are generally utilized in a variety of 
trade products, there has few upshots on human 
health (Ahamed,M. et al., 2010). The mechanism 
of the toxicity of silver nanoparticles to human 
cells emerges to be derived from oxidative stress 
and inflammation that is motived by the 
generation of reactive oxygen species (ROS) 
pretended by either the (Ag NPs), Ag ions, or both 
(Foldbjerg, R. et al.,2009). 

  In the commence work, (Ag NPs) were 
synthesized by wild and mutant type of distinct 
bacteria. They were delineated by UV- light 
spectroscopy and Fourier transforms infrared 
spectroscopy (FTIR). The antibacterial action of 
silver nanoparticles on divert types of microbes 
was also explored. 
 
MATERIALS AND METHODS 
Bacterial strains 

 Five isolates of Gram negative bacteria 
(Klebsiella pneumoniae, Psuedomonas 
auroginosa, proteus mirabilis and two strains of 
E.coli) were used in this work. They were 
cultivated on brain heart infusion broth for 24h at 
37 ⁰C, then purified on nutrient agar by ABCD 
streaking method. The five bacterial isolates were 
cultured on  LB medium for producing of silver 
nanoparticles, LB medium comprised   ( 1% 
tryptone, 0.5% yeast extract and 1% NaCl, pH 
7.5) (Saifuddin,N. et al.,2009), all cultures was 

incubated at 37⁰C in shaker at 200 rpm. The 
bacterial mass was cropped after 24 hours of 
growth and centrifuged at 10000 rpm for 10 
minutes to recover the supernatant for the 
subsequent steps (Kushwaha, A.et al., 2015). 

Yielding of silver nanoparticles 
For silver nanoparticles synthesis, 10 ml of 

supernatant was blended with 5ml of (10 mM 
AgNO3) solution and another reaction mixture 
without silver nitrate was applied as control. The 
arranged solutions were incubated at 30°C for 24 
h in dark. After 24 h the solution rounded into 
brown color. AgNPs were chastened twice by 
centrifugation at 10,000 rpm for 5 min, and 
collected for extra characterization (Kushwaha, A. 
et al., 2015; Nath, B. P.et al., 2015). 

Judgment of silver nanoparticles 

UV–visible spectrophotometer 
The exterior of brown color signify the 

formation of silver nanoparticles in the reaction 
mixture. The bio-reduction of the silver ions to (Ag 
NPs) in the solution was deliberated by using UV–
visible spectrophotometer (300 -900) nm. 

Fourier transforms infrared (FTIR) spectroscopy 
FTIR measurements were made in order to 

identify the presence of various functional groups 
of silver nanoparticles. The relative intensity of 
transmitted light energy was monitored against 
the wavelength of absorption between (400-4000 
cm-1) by using FTIR spectrometer.   

Deviation of bacterial isolates    
The five isolates of bacteria were offered to 

cheese spontaneous mutants   by using   different 
types   of antibiotics. The antibiotic nutrient agar 
medium was got ready by dissolving amount of 
medium in D.W., sterilized then left to warm at 
40°C. Forever after, certain concentration of the 
antibiotics solution was added to the medium with 
gentle mixing. The antibiotic medium was poured 
to plates as gradient form and incubated for 24 h 
to insure the sterility (Barry, A.L. 1986), this 
medium was applied for isolation the mutant 
bacteria. Ampicillin used for constructing mutant in 
E.coli and Proteus mirabillis with concentration 
500 µg/ml, while Pseudomonas aeruginosa and 
Klebsiella pnuemoniae were mutated by using 10  
µg/ml   Gentamycin and  200 µg/ml Cefotaxime 
respectively. 

Antimicrobial liveliness  
The antimicrobial action of the crud solution of 

silver nanoparticles prepared from the five wild 
and mutant isolates of G-ve bacteria was 
quantified by using well diffusion method (El-
Sheshtawy H.S. and Doheim, M. 2014; 
Kasim,A.R. et al., 2017) , different types of 
bacteria and fungi including  S. aureus, P. 
vulgaris, E. coli, P. aeruginosa, Candida krusie, C. 
albicans, C. zemplinina and Geotrichum candidam 
(clinical isolates), were used to test the 
antimicrobial activity of the silver nanoparticles 
solution. 100 μl from AgNPs was added into each 
well. The plates were incubated for 24 h and the 
diameters of inhibition zones were measured. 
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RESULTS AND DISCUSSION 

Biosynthesis of silver nanoparticles  
The concern of (AgNPs) is become further 

because of its application in therapeutics, bio-
molecular detection, catalysis and also as 
antimicrobial agents. Microbial synthesis of 
nanoparticles is eco-friendly up beyond other 
processes since it occurred at relatively ambient 
temperature and pressure (Das, V. L.et al., 2014).  
Reproduction of (Ag NPs) by the mixing of culture 
supernatants of the five bacterial isolates with 10 
mM of aqueous silver nitrate solution was 
investigated. The results showed appearance of 
brown color for the mixture that got ready from all 
bacterial isolates which referred to the formation 
of silver nanoparticles in the reaction mixture; 
K.pneuomoniae gave the darkest brownish color, 
while E.coli strain2 gave the lowest brownish color 
(Fig 1). The distinctive brown color of silver 
solution is as a result of the excitation of surface 
Plasmon fluctuation in the nanoparticles and 
provides a favorable spectroscopic signature of 
their formation (Saifuddin, N. et al., 2009). 

Estimation of silver nanoparticles 

UV–visible spectrophotometer        
The biosynthesis of the (Ag NPs) in a mixture 

solution for the five bacterial isolates was 
counselor by registration the absorption spectra at 
a wavelength range of 300-900 nm (Fig 2). The 
results showed the high absorption peak was 
observed at 350 nm for the mixture solution of the 
isolates P. aeruginosa and K. pneuomoniae, while 
the high absorption peaks for the isolates E.coli 1, 
2 and P.mirabilis were perceived at 380 nm,389 
nm and 386 nm respectively. The crosswise 
plasmon vibration in silver nanoparticles was 
analogous to 370 nm, whereas the peaks at 390 
nm apply to excitation of longitudinal plasmon 
vibrations (Natarajan, K. et al., 2010). The 
presence of the extended resonance signifies the 
aggregation of (Ag NPs) in the solution 
(Kushwaha, A.et al., 2015). 

Fourier transforms infrared (FTIR) spectroscopy 
FTIR analysis of the (Ag NPs) synthesized by 

five bacterial isolates was performed (Fig 3) , the 
results showed appearance of  broad peaks 
expanse between 3236-3500 cm-1 for the five 
isolates which corresponded to O-H stretching 
vibration meaning the presence of alcohol and 
phenol (Kumari , J. et al., 2016). Bands between 
2474- 2966 cm-1 for the all bacterial isolates 

rising from C-H stretching of aromatic compound 
were discerned  (Pannerselvam, et  al.,  2015  ), 
while The bands between 1633-1643 cm-1 in the 
spectra for the all compared to C-N and C-C 
stretching indicating the presence of proteins 
(Prakash,P. et al., 2013; Kumari , J.et al., 2016), 
also the spectral bands for the all bacterial 
isolates ranged between (1390-1460) cm-1 and  
the bands between (1051-1255) ) cm-1  were 
assigned for N-H  and C-N (amines) stretching 
vibrations of the proteins respectively 
(Pannerselvam, et al., 2015; Kumari , J.et al., 
2016). These functional groups own role in 
stability/capping of silver nanoparticles as 
recounted in many studies. 

Quarantine of spontaneous mutants  
All the antibiotics were utilized showed the 

comprehensive results for isolation of 
spontaneous mutants in the all isolates of bacteria 
(Fig 4). To confirm these mutants are original 
spontaneous mutants not physiological 
adaptation, the mutant isolates were re-cultured   
on the    same medium (antibiotic medium). The 
results implied that the mutants of different 
bacteria grew on this medium during the wild type 
isolate failed to grow on the same medium. 

Antimicrobial activity 
Silver is a nontoxic, safe inorganic 

antimicrobial agent adopted for centuries and it 
has the inclination of killing different type of 
diseases motive microorganisms. Silver has been 
published to be a sturdy antibacterial, antifungal 
and antiviral agent (Kushwaha, A. et al., 2015). 
The antimicrobial action of biosynthesized (Ag 
NPs) from wild and mutant isolates    of five  G-ve 
bacterial types were   investigated facing a span 
of pathogenic microorganisms by applying well 
diffusion method. The diameter of inhibition 
growth zone is monitored in (Table 1 and 2) and 
(Fig 5 and 6).The results appeared that the 
mutant isolates for all types of bacteria 
demonstrated more activity than wild isolates.  

The devices of the antimicrobial actions of 
silver are still not wholly understood, several prior 
reports showed that the interplay between silver 
and the integrals of the bacterial membrane 
objected structural changes and bruise to the 
membranes and intracellular metabolic motion 
which might be the acumen or consequence of 
cell death (Jung,W. et  al., 2008).  
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Figure (1): Biosynthesis of silver nanoparticles by five G-ve bacterial isolates 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure (2): Estimation of silver nanoparticles by UV–visible spectrophotometer
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Figure (3): Estimation of silver nanoparticles by FTIR 
 
 
 
 

 
 
 
 
 

Figure (4): spontaneous mutations in all bacterial isolates 
 

Table (1): Antimicrobial activity of biosynthesized AgNPs from wild isolates 

 
 

Table (2): Antimicrobial activity of biosynthesized AgNPs from mutant isolates 
Type of microbs Control (c) E. coli (1) E. coli (2) P. 

aeruginosa (3) 
K. 

Pneumoniae (4) 
P. mirabilis  

(5) 

Ps.aeruginosa - 8 mm 13 mm 10 mm 7 mm 7 mm 

P. mirabilis - 8 mm 10 mm 12 mm 10 mm 11 mm 

E. coli - 7 mm 8 mm 8 mm - 8 mm 

Staph.aureus - 8 mm 12 mm 12 mm 7 mm 14 mm 

Strep. Pyogenes - 10 mm 9 mm 11 mm 8 mm 10 mm 

Candida krusie - 9 mm 10 mm 13 mm 11 mm 11 mm 

C. albicans - 12 mm 12 mm 15 mm 11 mm 12 mm 

C. zemplinina - 9 mm 7 mm 15 mm 9 mm 12 mm 

Geotrichum candidum - 14 mm 13 mm 20 mm 13 mm 18 mm 

 
 
 

Type of microbs Control 
 (c) 

E. coli 
(1) 

E. coli  
(2) 

P. 
aeruginosa (3) 

K. 
Pneumoniae (4) 

P. mirabilis 
 (5) 

P.aeruginosa - 7 mm 8 mm 10 mm 7 mm 7 mm 

P. vulgaris - 7 mm 10 mm 9 mm - 10 mm 

E. coli - - - - - - 

Staph.aureus - 7 mm - 7 mm - - 

Strep. Pyogenes - 8 mm 8 mm 9 mm 8 mm 10 mm 

Candida krusie - 9 mm 10 mm 10 mm 9 mm 10 mm 

C. albicans - 10 mm 11 mm 7 mm 7 mm 10 mm 

C. zemplinina - 8 mm - 13 mm 7 mm 10 mm 

Geotrichum candidum - 7 mm 11 mm 16 mm - 8 mm 
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Figure (5): Antimicrobial activity of biosynthesized AgNPs from wild isolates 
 

 

 

 
 

Figure (6): Antimicrobial activity of biosynthesized AgNPs from mutant isolates 
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CONCLUSION 
Metal nanoparticles are extremely toxic to 

microorganisms, so they have optimistic 
applications in nanotechnology and 
nanomedicine. Silver nanoparticles were 
biosynthesizes by dissimilar types of Gram 
negative bacteria (Klebsiella pneumoniae, 
Psuedomonas auroginosa, proteus mirabilis and 
E.coli). Appraisal of silver nanoparticles was done 
by UV–visible spectrophotometer and FTIR 
spectroscopy.  After achieving spontaneous 
mutation for all bacterial types by usage different 
antibiotics, the mutant isolates gave extra activity 
as antimicrobials than wild isolates. 
 
CONFLICT OF INTEREST 
There is no conflict of interest  
 
AUTHOR CONTRIBUTIONS 

HMH and SAA designed the experiments. HMH 
performed UV–visible spectrophotometer, FTIR 
and antimicrobial activity, also with help from EFA 
completed other manuscript procedure steps . 
SAA wrote the manuscript. All authors read and 
approved the final version. 
 

Copyrights: © 2017 @ author (s). 
This is an open access article distributed under the 
terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, 
provided the original author(s) and source are 
credited and that the original publication in this 
journal is cited, in accordance with accepted 
academic practice. No use, distribution or 
reproduction is permitted which does not comply 
with these terms. 

 
REFERENCES   
Ahamed,M.; Alsalhi,M.S.; Siddiqui, M.K. and 

Siddiqui,A. 2010. Silver nanoparticle 
applications and human health. Clin. Chim. 
Acta. 411, 23–24.  

Ahmadi, F. ; Abolghasemi,S.; Parhizgari, N. and 
Moradpour,F. 2013. Effect of Silver 
Nanoparticles on Common Bacteria in 
Hospital Surfaces. Jundishapur J Mirobiol. 6, 
209-14.  

Barry,A.L. 1986. Procedure for testing 
antimicrobial agents in agar media: 
Theoretical considerations .In” Antibiotics in 
laboratory medicine “ed.V.Lorian. William& 
Wilkins Baltimore and Lon\don. 

Das,V. L. ; Thomas,R.;  Varghese,R. T.;Soniya, E. 
V. and Radhakrishnan,E. K. 2014. 
Extracellular synthesis of silver nanoparticles 
by the Bacillus strain CS 11 isolated from 
industrialized area. Jyothis Mathew , 3 
Biotech. 4, 121–126. 

El-Sheshtawy H.S. and Doheim, M. 2014. 
Selection of Pseudomonas aeruginosa for 
biosurfactant production and studies of its 
antimicrobial activity. Egyptian Journal of 
Petroleum . 23, 1–6.  

Foldbjerg,R.; Oleson,P.; Hougaard,M. Dang,D.A.; 
Hoffmann, H.J.  and Autrup,H. 2009.  PVP-
coated silver nanoparticles and silver ions 
induce reactive oxygen species, apoptosis 
and necrosis in THP-1 monocytes. Toxicol 
Lett. 190, 156–162.  

Gajbhiye,M. ; Kesharwani,J. ; Ingle,A. Gade, A. 
and Rai,M. 2009. Fungusmediated synthesis 
of silver nanoparticles and their activity 
against pathogenic fungi in    combination 
with fluconazole. Nanomedicine.5, 382-386. 

Iravani,S.;Korbekandi,H.;Mirmohammadi, S.V. 
and Zolfaghari,B. 2014 . Synthesis of silver 
nanoparticles: chemical, physical and 
biological methods. Res Pharm Sci. 9, 385-
406. 

Jung,W. K.; Koo,H. C.; Kim,K. W. ; Shin, S.; Kim 
S. H. and Park,Y. H. 2008. Antibacterial 
Activity and Mechanism of Action of the 
Silver Ion in Staphylococcus  aureus  and 
Escherichia coli. Applied and enviromental 
microbiology. 74( 7) , 2171–2178 . 

Kasim,A.R.; Hasan H.M. and Ahmed, S.A. 2017. 
Production, Optimization and Application of 
Bioemulsifier Extracted from Pseudomonas 
aeruginosa. World Journal of Experimental 
Biosciences. 5(1), 9-13.  

Kumari , J. ; Mamta, B. and Ajeet ,    S. 2016. 
Characterization of silver nanoparticles 
synthesized using    Urtica dioica Linn. 
leaves and                    their synergistic 
effects                   with antibiotics. Journal of  
Radiation Research and Applied Sciences 9, 
217-  227. 

Kushwaha, A.; Singh, V. K. ; Bhartariya, J. ; 
Singh, P. and Yasmeen, K. 2015. Isolation 
and identification of E. coli bacteria for the 
synthesis of silver nanoparticles: 
Characterization of the particles and study of 
antibacterial activity  .European Journal of 
Experimental Biology. 5(1) ,65-70. 

Mohamed,A; Shaker,P. and Mona,    I. S. 2017. 
Synthesis of silver nanoparticles     with 
antimicrobial and anti-adherence activities 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Ahmed et al.,                                                  Silver nanoparticles biosynthesis and their antimicrobial activity 

 

                                                    Bioscience Research, 2018 volume 15(4): 2997-3005                                            3005 

 

against multidrug-resistant isolates from 
Acinetobacter baumannii. Journal of Taibah 
University Medical Sciences, 12, 291-297. 

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

Nath,B. P.; Niture,S. R.; Jadhav, S. D. and 
Boid,S.O. 2015. Biosynthesis   and 
Characterization of Silver Nanoparticles 
Produced By Microorganisms Isolated From 
Agaricus bisporus . Int. J.Curr. 
Microbiol.App.Sci Special Issue-2, 330-342 

Pannerselvam ; Balashanmugam ; Thangavelu P. 
and Kalaichelvan. 2015. Biosynthesis 
characterization of silver nanoparticles using 
Cassia roxburghii DC. aqueous extract, and 
coated on cotton cloth for effective 
antibacterial activity.  International Journal of 
Nanomedicine . 10,  87–97. 

Prakash,P.; Gnanaprakasam, P.; Emmanuel, R.; 
Arokiyaraj,S. and Saravanan,M. 2013. Green 
synthesis of silver nanoparticles from leaf 
extract of Mimusops elengi, Linn. for 
enhanced antibacterial activity against multi 
drug resistant clinical isolates. Colloids and 
Surfaces B: Biointerfaces. 108, 255-259. 

Saifuddin,N.; Wong, C. W. and Yasumira, A.N. 
2009 .  Rapid Biosynthesis of Silver 
Nanoparticles Using Culture Supernatant of 
Bacteria with Microwave Irradiation. Journal 
of Chemistry 6(1), 61-70. 

Sukumaran, P. and Eldho, K. P.  2012.Silver 
nanoparticles: mechanism of antimicrobial 
action, synthesis, medical applications, and 
toxicity effects. Prabhu and Poulose 
International Nano Letters., 2-32. 

Umoren,S. A.; Obot, I. B. and Gasem, Z. M. 2014. 
Green Synthesis and  Characterization of 
Silver Nanoparticles Using Red Apple (Malus 
domestica) Fruit  Extract at Room 
Temperature. J. Mater. Environ. Sci. 5 (3), 
907-914. 

 
 
 
 
 
 
 
 
 


