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                   ABSTRACT                                                                                                                
Nanoparticles biosynthesis and its applications is a rapidly developing field. The biological silver 
nanoparticles (AgNPs) are being used as inhibitory and antimicrobial agents. In the current 
investigation, synthesis of silver nanoparticles by bacterial strain isolated from soil sample contaminated 
with crude petroleum oil was studied.  Molecular identification of the bacterial isolate showed it as a 
strain of Sphingobacterium mizutaii. The biosynthesized nanoparticles characterized by the UV-Vis 
spectroscopy which exhibited a broad absorption spectrum band around 420 nm. Transmission electron 
microscopy (TEM) and energy dispersive X-ray (EDX) analysis confirmed the formation of varying size 
silver particles in the range from 4.5-31.6 nm. The Interaction between silver nanoparticles and proteins 
were characterized by Fourier transform infrared (FTIR) spectroscopy. The combination effects of 
AgNPs with the antiseptic agent (Dettol) was then studied. The antimicrobial effect of AgNPs- Dettol 
combination  increased significantely in case of E. coli, K. pneumoniae, B. subtilis and Candida krusei. 
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INTRODUCTION  
Nanotechnology involving synthesis and applications of nanomaterials is a rapidly developing field with 
significant applications in various areas1. The silver nanoparticles is mainly important due to its 
applications in biomolecular detection, therapeutics, catalysis and also as antimicrobial agents2,3,4. 
Primarly silver nanoparticles are considered as an alternative to silver ions which obtained from silver 
nitrate, that were used as antimicrobial agents. Silver nitrate solution known since ancient times was 
directly used for treatments and of burns, wounds and several bacterial infections during Second World 
War5.   
Microbial biosynthesis of nanoparticles is eco-friendly and alternative to chemical and physical methods, 
since it takes place at relatively ambient temperature and pressure6,7,8. Microbial synthesis of metallic 
nanoparticles can be produced either intracellularly or extracellularly9,10,11. Many microorganisms interact 
with metal ions reducing them into metallic nanoparticles12. Extracelluar synthesis of nanoparticles is 
cheap and simpler to synthesize, so many studies were focused on it for the synthesis of metal 
nanoparticles1. Many studies using bacterial culture supernatants like Bacillus megaterium; Pseudomonas 
proteolytica; Pseudomonas meridian; Pseudomonas aeruginosa; Arthrobacter kerguelensis; Bacillus 
indicus; etc. were proven to form extracellular nanoparticles very effectively13,14,15. It has been also found 
that spores and microcapsules of Bacillus athrophaeus able to synthesize silver nanoparticles16.  
The metallic nanoparticles are most promising as they have ability as an inhibitor and antibacterial 
activities due to their large surface area to volume ratio17. Silver nanoparticles are used as antimicrobial 
agents in most of the public places such as elevators and railway stations in China and also, they are used 
in surgically implanted catheters to reduce the infections caused during surgery and are proposed due to 
its anti-fungal, anti-inflammatory, anti-angiogenic and anti- permeability effects5. Many bacteria have  
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developed resistance to antibiotics, so there is a need for alternative antibacterial substance18. The 
advantage of AgNPs have an important over conventional antibiotics in that it has ability to kill all 
pathogenic microorganisms, and no organism has ever been reported to readily develop resistance to it19.  
This study is the first report of biological synthesis of silver nanoparticles using bacterium 
Sphingobacterium mizutaii and was designed to compare the in vitro antimicrobial effect of silver 
nanoparticles with one of common local antiseptics such as dettol.   

MATERIALS AND METHODS 
Isolation and molecular identification of using bacterium 
Bacterium was isolated from soil contaminated with crude petroleum oil sample, Egypt. The soil sample 
was suspended in nutrient broth throughout serial dilution then plated onto nutrient agar for 24 h. The 
colonies were counted, then picked out and purified by streaking on nutrient agar plates. 
Molecular identification 
DNA extraction, purification, amplification and gelelectrophoresis were performed as described 
previously by Mohamed et al.20.  PCR product was sequenced in both direction by Solgent company 
(South Korea) using universal primers 27F (AGAGTTTGATCCTGGCTCAG) and 1492R 
(CGGCTACCTTGTTACGACTT). The bacterial 16S rDNA sequences obtained were then aligned with 
known 16S rDNA sequences in Genbank database using the basic local alignment search tool (BLAST) at 
the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/BLAST/), and percent 
homology scores were generated to identify bacteria. After obtaining the DNA sequences homology 
search was performed using Blast program to find the sequences producing significant alignment with the 
obtained sequences. A phylogenetic tree was constructed with MEGA version 4.0 using a neighbor-
joining algorithm, plus the Jukes-Cantor distance estimation method with bootstrap analyses for 1000 
replicates was performed. The sequencing of the gene coding for 16s rDNA gene for the strain has been 
deposited in the GenBank nucleotide sequence databases (NCBI) under Accession number KF709696 and 
the strain was also deposited in the culture collection of Assiut University Mycological Centre, Assiut, 
Egypt as AUMC b-161. 
Preparation of supernatants 
Biologically synthesis of silver nanoparticles: 
Sphingobacterium mizutaii was grown in LB broth (Tryptone 10 g/L, Yeast extract 10 g/L and NaCl 5 
g/L) and incubated in an orbital shaker (80 rpm) for 24 hours at 35°C.  Then, the culture was centrifuged 
at 8000 rpm for 15 min  and the cell free supernatant was used for the biosynthesis of AgNPs. Aqueous 
silver nitrate solution (1 mM) was mixed carefully with  50 ml of cell supernatant in 250 ml conical flask 
and agitated in shaker (80 rpm) at room temperature. Control without the AgNO3 (cell free supernatant) 
was also kept at the same conditions.  
Characterization of silver nanoparticles: 
UV-visible spectroscopy analysis 
The optical properties of silver nanoparticles were carried out on Ultraviolet-Visible Spectroscopy (UV-
Vis) (Perkin-Elmer lambda 750 spectrophotometer) at a resolution of 1 nm and scanning the spectra 
between 300-900 nm. A strong absorption of electromagnetic waves is exhibited by metal nanoparticles 
in the visible range due to the surface plasmon resonance. The stability of stored biologically synthesized 
silver nanoparticles was also performed by UV-Visible spectral analysis. 
Energy Dispersive X-ray (EDX) Spectra 
To investigate the elemental composition of the sample, JEOL JSM-5400 L.V. scanning electron 
microscope (SEM) equipped with a Tractor Northern 5200 energy dispersive X-ray (EDX) analysis 
system was used. Thin film of the silver nanoparticles was prepared on holder, then allow to dry by 
putting it under a mercury lamp.  
Transmission Electron Microscope (TEM) 
For transmission electron microscope imaging, samples were prepared by placing a drop aqueous solution 
of synthesized silver nanoparticles on a negative carbon coated copper grids and dried in air. The shape  
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and size of the silver nanoparticles were analyzed by TEM micrographs using the JEOL TEM 100 CXII  
(Electron Microscope Unit, Assiut University, Egypt). 

Fourier Transform Infrared Spectroscopy (FTIR) 
To investigate the functional groups possible binding sites with nanoparticles. The solution of AgNPs was 
centrifuged at 9000 rpm for 20 min. The pellet was washed with ethanol for three times and then air dried 
to obtain dried powder. FTIR spectra was obtained by KBr pellets methods operated on FTIR 
spectrophotometer (IR470 -SHIMADZU-Japan). The FT-IR spectra over the scanning range of 400-4000 
cm-1 were obtained with the resolution of 2 cm-1. 
Antimicrobial activity test for synthesized silver nanoparticles 
After characterization of silver nanoparticles, their antimicrobial effect was checked by disc diffusion 
method (Boyce 1984) on some common pathogens of human. The test microorganisms Escherichia coli 
ATCC8739, Bacillus subtilus ATCC 6633, Staphylococcus aureus BM14, Enterococcus sp. BM15, 
Klebsiella pneumonia BM12, Candida albicans, Candida glabrata AUMC8175 and Candida krusei 
AUMC9211. Nutrient agar and Sabouraud’s media were used for growing the test bacteria and Candida. 
The antimicrobial spectrum of the synthesized silver nanoparticles was determined by the disc diffusion 
method on plates seeded with the tested bacteria or fungi. Overnight cultures of the bacterial and Candida 
were prepared in nutrient broth or sabouraud broth and diluted to 1x105 CFU/ml, 200 µl were stirred well 
in nutrient or sabouraud agar plates. After solidification, three sterile paper disks were placed on the 
surface of each agar plate and were impregnated with 10 µl of the silver nanoparticles or Dettol or 
mixture from silver nanoparticles and Dettol. The plates were then incubated at 30ºC for 24 hours, then 
the diameters of inhibition zones were measured to estimate their inhibitory effects.    

Statistical analysis 
It was performed by using the SPSS 10 Software. Paired-Sample t-tests were carried out to determine 
whether there was a significant diffrences between mixture of AgNPs and dettol. The values of P value< 
0.05 were considered significant. 

Results  
The using bacterium Sphingobacterium mizutaii was found to have ability to form silver nanoparticles as 
observed by change in the colour of the reaction. The selected bacterium was subjected to molecular 
identification by partial sequencing of the 16s rDNA gene (approx. 1100bp) and the result demonstrate 
99% homology to Sphingobacterium mizutaii (Fig. 1). Furthermore the nucleotide sequence was 
submitted to GenBank in NCBI with the accession number KF709696. 

 
Fig. 1: The phylogenetic homology tree based on multiple sequence alignments of the 16s rDNA of the  

Sphingobacterium mizutaii reference to international isolates 
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The synthesis of silver nanoparticles by the culture supernatants and bacterial biomass of  
Sphingobacterium mizutaii  were separately investigated through the observation of colour change in the 
presence of 1mM AgNO3. Rapid appearance of a yellowish – brown colour in the reaction vessels 
suggested the formation of colloidal silver nanoparticles. The colour change was observed for samples 
containing both biomass and supernatant, further experiments were carried out using only cell free 
supernatant. 
The UV-Visible absorption spectra of the synthezied nanoparticles were measured in the range 300-900 
nm (Fig.2) using a double beam UV-Vis spectrophotometer, showing a strong broad absorption band 
located between 405-450 nm for silver nanoparticles prepared by the tested bacterium. The silver 
nanoparticles band remained around 420 nm revealed that the particles were well dispersed without 
aggregation.  
Fig. 2: UV-Vis spectrum of silver nanoparticles produced by Sphingobacterium mizutaii culture supernatant 

 
 

 

 

 

 

 

 

 

 

 
 
The EDX (Energy Dispersive Absorption Spectroscopy photograph) analysis is performed and 
represented in Fig. 3  to investigate the elemental composition of silver nanoparticles. The EDX analysis 
exhibits various intense peaks associated with Ag atoms, confirming the formation of silver nanoparticles. 
Peaks for Cu and C are from the grid used and the peaks for S, P and N correspond to the proteins or 
enzymes capping over the AgNPs. 

 
Fig. 3: EDX spectrum of AgNPs produced by Sphingobacterium mizutaii culture supernatant 
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Fig.4 shows the TEM images of silver nanoparticles synthesized using Sphingobacterium mizutaii. The 
particle size ranges in 4.5-31.6 nm and posses an average size of 18 nm.  

Fig. 4: TEM images of silver nanoparticles (AgNPs) synthesized using Sphingobacterium mizutaii culture 
supernatant 

 

FTIR measurement was carried out to identify the biomolecules for capping and  stabilization of the metal 
nanoparticles synthesized by Sphingobacterium culture supernatant. The FTIR spectrum of silver 
nanoparticles in Fig. 5 showed absorption bands at 3353, 2924, 1638, 1394, 1025 and 548 cm-1. The band 
at 3353 cm-1 may be corresponds to O-H stretching H-bonded functional group in alcohols and phenolic 
compounds. The peak at 2924 cm-1 corresponds to O-H streches carboxylic acids. The assignment at 1638  
cm-1 corresponds to N-H bend primary amines. The peak at 1394 cm-1 corresponds to C-N stretching of 
aromatic amine group and bands obsorved at 1025 and 548 cm-1 corresponds to ether and esters.  
Fig. 5: FTIR spectrum of silver nanoparticles (AgNPs) synthesized using  Sphingobacterium mizutaii culture 

supernatant 
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The antimicrobial activity of biosynthesized silver nanoparticles showed different inhibitory effect on 
different human pathogenic bacteria and Candida. The results in Table 1 revealed that biosynthesized 
silver nanoparticles showed antibacterial and antifungal  activity with varying magnitudes. The inhibitory 
effect of nanoparticles increased significantely in the presence of Dettol against all tested 
microorganisms. The antimicrobial effect of Dettol was increased significantely in the case of E. coli, K. 
pneumoniae, B. subtilis and Candida krusei. 

Table 1: Paired-sample t-test  of the antimicrobial activity of silver nanoparticles, Dettol and their 
combination on different microorganisms 

Microorganism AgNPs and Dettol ≠ AgNPs AgNPs and Dettol ≠ Dettol 
E. coli ATCC8739 0.030* 0.025* 
B. subtilis ATCC6633 0.025* 0.045* 
St. aureus BM14 0.023* 0.126 
K. pneumoniae BM12 0.030* 0.049* 
Enterococcus sp. BM15 0.017* 0.090 
Candida albicans 0.018* 0.170 
C. krusei AUMC9211 0.016* 0.045* 
C. glabrata AUMC8175 0.032* 0.126 
* Significant 
P value< 0.05 was considered significant 

DISCUSSION 
Biological synthesized silver nanoparticles have many applications in different fields such as DNA 
sequencing, biosensor technology, diagonistics, biomedical science and etc23. In the current study, to 
employ an environmental friendly and cost effective manner for synthesis of AgNPs by extracellular 
synthesis mechanism from Sphingobacterium mizutaii. Rapid appearance of a yellowish–brown colour 
suggested the formation of colloidal silver nanoparticles and due to the excitation of surface Plasmon 
vibrations24. The synthesis process of silver nanoparticles was  formed within 10 minutes of silver ion 
coming in the cell supernatant of Enterobacterium24. Con and Loan25 confirmed that the colour of AgNPs 
solution changed from yellow to dark green when silver concentration increased from 40 to 200 mg per 
liter.  
Formation of silver nanoparticles was confirmed by UV-vis spectroscopy which shown that the band 
remained around 420 nm revealed that the nanoparticles were well dispersed without aggregation. 
Obsevation of this beak, assigned to a surface Plasmon, is confirmed for various metal nanoparticles with 
sizes from 2-100 nm 26.  
EDX  is reported earlier that proteins can bind to nanoparticles either through free amine groups or 
cysteine residues in the proteins27 and via the electrostatic attraction of negatively charged carboxyl 
groups in enzymes which present in the cell wall of bacteria28 and therefore, stabilization of the AgNPs by 
protein is  possible.  
TEM micrograph confirmed the development of mixed silver nanoparticles sizes. The size of silver 
nanoparticles produced by Sphingobacterium range from 4.5-31 nm that can be used in several 
applications29. 
FTIR confirmed that the synthesized nanoparticles surrounded by proteins and metabolites and the 
stability of silver nanoparticles by proteins and enzymes is a clear possibility15,22.  
The previous studies revealed that the alcohols, phenolic, alkanes, alkynes group able to interact with 
biological synthesized nanoparticles21,15,22.  
The antimicrobial effect of biological silver nanoparticles-dettol increased with all using microorganisms. 
The mechanism of inhibitory effect of silver nanoparticles on the DNA of microorgamisms and inactivate 
cellular proteins30. It was also suggested that silver ions bind to functional proteins, causing protein 
denaturation31,32. Stonimenov et al. 33 showed when E. coli was treated with highly reactive metal oxide 
nanoparticles, a bacterial membrane exhibits a significant increase in permeability and loss of regulating 
transport through plasma membrane and causing cell death.                                                                              
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It has been reported that ionic silver strongly interacts with thiol group of vital enzymes and inactivates 
them34,30. Experimental evidence suggests that DNA loses its replication ability once the bacteria have 
been treated with silver ions35.  
 The active ingredient in Dettol Antiseptic Liquid is 4.8% chloroxylenol which inhibits the growth of a 
large range of microorganisms. Chloroxylenol destroys the bacteria by inhibiting the production of 
adenosine triphosphate by causing the disruption of cell membrane potentials, destroying the protein 
gradient essential for the synthesis of ATP. Presence of silver nanoparticles with dettol accelerate and 
increase its antimicrobial effect. 
In conclusion, the present study represent a reliable and ecofriendly biotechnological process for the 
extracellular synthesis of silver nanoparticles using cell free bacterial supernatant. Additionally it has 
been found that the combination of silver nanoparticles with antiseptic agents enhanced their 
antimicrobial activity and faciliate binding the antimicrobial agents to bacteria and fungi. 
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