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Abstract 

Nanoparticles biosynthesis is a potential method for synthesizing of nanoparticles due to 

its simplicity and non-toxicity. In the present study, microorganisms were isolated from routh of 

poultry on nutrient agar medium. Resulted isolates were screenedfor their abilities to synthesize 

extracellular silver nanoparticles (AgNPs). Isolate producing the smallest AgNPswas identified 

by sequencing its 16S rDNA gene, and the results revealed it to be anew strain of Bacillussp., 

which was assigned anaccession number of KT982274. Factors affecting the nanoparticle size 

were optimized achieving the smallest AgNPsparticle size ~4nm bya 96h culture and incubating 

mixture of equal volumes of bacterial filtrate and silver nitrate solution, at 40 C, for 18 h, and pH 

of 7. Spherical AgNPs of 4nm were characterized by high resolution transmission electron 

microscopy (HR-TEM), and Fourier transform infrared spectroscopy (FT-IR) gave bands of 

proteins at 1442.2, and 1631.2 cm
-1

corresponding to bands of I and II amide, respectively. 

Antimicrobial effect of the produced AgNPsagainst pathogenic yeast cells showed that the 

Minimum inhibitory concentration(MIC) after was 132 ppm, and 265 ppm for 

Microsporumaudouinii and Trichophytonviolaceum respectively after 3 h of exposure. After 6 h, 

MIC was 8 ppm, 66 ppm, and 33 ppm for Microsporumaudouinii, Trichophytonviolaceum, and 

Candida albicans, respectively. 
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1. Introduction 

Nanotechnology field is important field due to its potential applications in medicine and 

other science fields. This field is growing very rapidly with various interesting applications in 

biosensing, drug delivery and cancer therapy(Ranjaniet al., 2016).Nanoparticles 

(NPs)haveimproved new properties, such as morphology,and size of the particles.(Kaviyaet al., 

2011). Physical methods have high expense and low yields (Li et al., 1999), and chemical 

methods require capping agents for size stabilization of the nanoparticles, toxic solvents cause 

contamination to the environment(Wang et al., 2007), whereasbiosynthesis method is cheaper, 

more safe method, and producing large quantities of nanoparticles (Narayananand Sakthivel, 

2010; Ramezaniet al., 2010). 

Biosynthesis of nanoparticles,includesthe use of plant, bacteria, fungal, and algae. 

Bacteria have received the most attention in this area, due to itsgenetic manipulation without 

much difficulty and ease of handling (Klaus et al., 2001). Fungi can also secrete large amounts of 

enzymes;which play important roles in nanoparticles synthesis(Mandal et al., 2006).Theuseof 

plants for synthesis of nanoparticles can eliminate the difficultof removing cell cultures (Shankar 

et al. 2004), and it can be easy for scaling up for huge synthesized amounts of NPs (Songand 

Kim, 2009). Moreover, nanoparticle can be produced either intracellular and extracellular, based 

on the utilized microorganism (Ahmad et al., 2003). Extracellular synthesis ofNPs  has the 

advantage of easy downstream processing. 

One of the most widely used nanomaterial is silver nanoparticles (AgNPs) (Vaidyanathanet 

al., 2010).AgNPs have found tremendous applications in the field of diagnosis, therapeutics and 

antimicrobials, sensors, and micro-electronics(Klaineet al., 2008). 

AgNPs have an antimicrobial effect due to producing reactive oxygen species which 

damage the organelles inside pathogenic cells and can also damage cell membrane. 

So keeping in view the advantage of AgNPs synthesized from microorganisms, this study 

was based on the synthesis of AgNPs from many isolated strains from the soil and routh of 

poultry and checking their antimicrobialeffect against pathogenic fungal strains.  
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2. Materials and methods 

2.1. Isolation microorganisms  

 The microorganism used was isolated from garden soil and purified on nutrient agar, 

which consists of; 5 gm peptone, 3 gm beef extract, 15 gm agar into 1L distilled water, pH 6.8 at 

25 C (Lechevalierand Solotorovsky, 1961).  

2.2. Screening of isolates for ability to biosynthesis silver nanoparticles (NPs) 

Each fungus was grown in 250 Erlenmeyer flasks containing 100 ml potato dextrose broth 

at 37 C and 120 rpm for 24hr. After incubation, mycelia biomass was separated by filtration by 

Whatman filter paper No.1. It washed with sterile distilled water several times to remove the 

traces of media components. Approximately 10gm of the fungus was resuspended in 100 ml 

distilled water and 2mmol L  of Ag. Then was incubated at 37

C till color changed for dark 

brown (Sastryet al., 2003). 

Bacterial isolates were cultured on nutrient broth medium, growth was allowed for 24 hrs. 

After incubation time, the cultures were centrifuged at 12000 rpm for 10 min. and their 

supernatants (Minaeianet al., 2008) were used separately for further experiments.  

5 ml of silver nitrate at concentration of 10
-2

 M was added to the reaction vessels 

containing 5 ml of different supernatants (Minaeianet al., 2008) and incubated for 24 hr. 

 Actinobacteria isolates survey was done as bacteria (Deepaet al., 2013). 

Control broth media were prepared without AgNO3. 

2.3. Molecular identification 

 It was carriedoutfor the isolate which biosynthesized the smallest particle size, using16S 

rDNA sequence-based methodat Sigma lab by protocol of GeneJet genomic DNA purification 

Kit (Thermo). All genomic DNA was isolated from thebacterial isolate. Then, the DNA was used 

as a template for PCR processes,and F: - AGA GTT TGA TCC TGG CTC AG and R: - GGT 

TAC CTT GTT ACG ACT T used as primers.The PCR processes was performed in a total 
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volume of 50 µL, 20 uµ of each primer, 5 µl of the template DNA,and 18µl of water, nuclease-

free. The PCR was performed for 35 cycles in a Maxima® Hot Start PCR Master with the initial 

denaturation at 95 C for 10 min, cyclic denaturation at 94 C for 30 s, annealing at 65 C for 1 

min,extension at 72 C for 1 min and 30 s, and final extension at 72 C of 10 min. Then, agarose 

gel electrophoresis was used for analyzingthe reaction products.The product was then 

purifiedusing the GeneJET™ purification column. After that, the ABI 3730xl DNA sequencer on 

GATC Company were used to sequence the PCR product, using the forward and reverse primers. 

This sequence was then used for BLAST analysis(https://www.ncbi.nlm.nih.gov/nucleotide/). 

The 16S rDNA sequence of the isolated bacteria was also used for phylogenetic analysis using 

Blast program (Prasadand Turner, 2011). 

 

2.4. Parameters affecting size of biosynthesized AgNPs 

Different factors were allowed to obtain the smallest AgNPs. Bacillus sp.(KT982274) 

incubated for6h, 12h, 24h, 48h, 72h, 96h, and 120h, filtrate ratio of AgNO3 to bacterial filtrate: 

1:1, 1:2, 1:3, and 1:4,incubation temperature at 30 C, 35


C, 40 C, and 50 C, reaction 

incubation time for 6h, 12h, 18h, 24h, 30h, 48h, 72h, and 96h, and pH 6, 7, 8, 9, and 10. 

2.5. Characterization of biosynthesized AgNPs 

 Synthesis of silver nanoparticles was tested using UV-Vis spectra at a range 200-800 nm 

at a resolution of 1 nm(Vahabiet al., 2011). The Size of AgNPswasmeasured by laser 

diffractometer using Zeta Sizernano-series (Nano ZS), and AgNPs was imagedusing transmission 

electron microscopy (TEM)(Sastryet al., 2003). Presence of AgNPs in the solution was proven by 

energy dispersive x-ray (EDAX)(Jegaddeset al., 2012). Fourier transform infrared spectroscopy 

(FT-IR) spectra were recorded in the range 500 – 4000cm-1, and crystalline nature(Vahabiet al., 

2011), composition and purity of AgNPs was confirmed by X-ray diffraction spectrum 

(XRD)(Vanajaet al., 2013). 

2.6. Biological activity 

2.6.1. Minimum inhibitory concentration (MIC) 
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 It was carried out according to (Watts et al., 2008).After 3 hr and 6 hr,MIC was studied 

for AgNPsatMicrosporumaudouinii, Trichophytonviolaceum, and Candida albicans. 

2.6.2. Microscopic examination TEM of bactericidal cells at sub lethal dose  

HR-TEM images were taken before and after treating the microbial strains with AgNPs to 

show the bactericidal effect by morphological changes of the cells.   

3. Results  

3.1. Molecularidentification of the selected isolated bacteria 

Molecular characterization of the isolated bacteria was carried out using 16S rRNA 

fragment (Singhet al, 2012). 

The PCR products were analyzed using electrophoresis on 1.5% agarose gels and stained 

with ethidium bromide. Thenthe DNA bands were visualized and documented using a gel 

documentation system (Sarkaret al., 2012). 

The PCR amplified products were sequencedat Sigma Labs.Identification of the species 

and similarity calculations were performed. The sequences of approximately 1500 baseswere 

comparedwith sequences available in GenBank, using BLAST network services. Phylogenetic 

relationship was outlined and found similarity index, distance between the isolate and maximum 

likelihood pattern analysis (Sarkaret al., 2012). 

3.2. Phylogenetic analysis of strain ICI 54399(Bacillus sp.(KT982274))based on 16S rDNA 

sequence  

The resulting sequences were aligned and compared with those stored in GenBank by 

using BLAST alignment software (NCBI) and phylogenetic tree was drawn (Tripathiet al., 2013 

28) as shown in (Fig. 1). 

 The 16S rRNA ribosomal PCR amplified product size was 1655 bp. The 16S rRNA gene 

sequences showed 98% similarity with Bacillus sp. in the existing GenBank database (Singh et 

al., 2012). 
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Fig.1 Phylogenetic analysis of different 16S rRNA sequences of Bacillus sp., collected from 

NCBI-GenBank. 

3.3. Optimization of synthesized AgNPs 

Changing the color of the filtrate into dark brown indicates the formation of AgNPs and 

this proved that the isolated bacterium(Bacillus sp.(KT982274))could produce AgNPs.Some 

parameters affected on this isolate let it produce small sized AgNPs, which are more effective as 

antimicrobial agent. Those parameters shown below. 

3.3.1.Effect of bacterial age 

 As bacterial incubation time increased, the NPs size decreased until reached 46.26 nm 

after 96 hr (Fig. 2a). 

3.3.2.Effect of silver concentration to bacterial filtrate ratio; (V/V) 

 Fig.2b shows decreased particle size to 43.26 nm at 1:1 ratio of bacterial filtrate to Ag
+
. 

3.3.3.Effect of temperature of the reaction 

 Increasing temperature until 40  C lead to decreasing of NPs size to 38.79 nm (Fig. 2c). 

3.3.4.Effect of incubation time 

It was interpreted that the size of NP formation decreases as the incubation time increases 

till 18hr (Fig. 2d). 

3.3.5. Effect of pH 

 The smallest particle size (4 nm) was documented at a pH 7 (Fig. 2e. 
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a) b)  

   

c)       d) 

 

e) 

 

Fig.2 Parameters affecting biosynthesized AgNPs. a bacterial age, b filtrate ratio, c 

Temperature,dtime, and e pH. 
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3.4. Characterization of biosynthesized AgNPs 

3.4.1. UV-visible spectroscopy 

Reaction solution was given by periodic sampling of the reaction mixture at different 

time: 6, 12, 18, 24 and 30 h by using UV-visible spectroscopy (Fig. 3a). The spectra clearly 

showed increase in intensity of silver solution with time, indicating the formation of increased 

number of AgNPs in the solution. 

3.4.2. Zeta sizernano 

 Particle size and size distribution of AgNPswas carried outby zeta sizer, and the results 

showed that AgNPs size was 4 nm (Fig. 3b). 

3.4.3. High resolution transmission electron microscopy (HR-TEM) 

 Size and morphology of synthesized AgNPswere determined by HR-TEM.TEM image 

shows well-dispersed AgNPs with an average particle size of 4 nm and few particles with higher 

size distribution (Fig. 3c). 

3.4.4. Fourier transform infrared spectroscopy (FT-IR)  

It wasperformedin order to identify the proteins which are responsible for the reduction of 

Ag
+
 ions to AgNPsin the bacterial filtrate. Absorbance bands seen at 1442.2, 1631.2, and 3458.6 

cm
-1

 were assigned to CH bending vibrations of CH3 group, C=C Stretching vibrations of non-

conjugated group, and NH stretching vibrations of free NH group, respectively (Fig. 3d). 

3.4.5. Energy dispersive x-ray (EDAX) 

 AgNpswere proven to be found in the solution as shown in Fig. 3e. 

3.4.6. X-ray diffraction spectrum (XRD) 

AgNPs composition and purity were confirmed using (XRD), as shown in Fig. 3f.Fraction 

peaks shown at 38.4°, 44.7°, 64.1° and 77.1° corresponding lattice plane value was indexed at 

(111), (200), (220) and (311) planes of face centered cubic (FCC). These peaks are in good 

agreement with reference of FCC structure from joint committee of powder diffraction standard 

(JCPDS) Card No-087-0720. 

 



9 

 

a)         b) 

    

c)        d) 

     

e)        f) 

    

Fig.3 Characterization of optimized AgNPs.aUv-visible spectroscopy,b Zeta sizer,cTEM 

image,d FT-IR spectrum,eEDAX, and f XRD. 
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3.5. Minimum inhibitory concentration (MIC) 

MIC results of the dermatophyte strains shown in Table 1. 

Table 1 MIC for M. audouinii, T. violaceum, and C.albicans 

Affected fungi 3 hr 6 hr 

M.audouinii 

Conc. of NPs (ppm) 

132 8 

T.violaceum 

Conc. of NPs (ppm) 

265 66 

C.albicans 

Conc. of NPs (ppm) 

- 33 

 

3.6. HR-TEM imaging before and after treatment with AgNPs 

 Comparison ofTEM micrographs of thin sections of fungal myceliabefore and after 

reaction with Ag
+
 showed that Ag

+ 
was accumulated in the form of scattered particles inside cells 

and also some particles bound to the cell wall.Also, aggregation of granules in the cytoplasm 

occurred. Thickness of the cell wall was noted before cell wall rupture.Granules inside the cells 

are more affected after 6 hr (Fig. 4,5,6)(Reynolds and E.S., 1963), and (Karnovsky, and M.J., 

1965). 
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   a) 

 

b) c) 

   

Fig.4 TEM micrographs.athin sections of Candida albicans,b, c cells after reaction with Ag
+ 

ions(cell dosage: 33 ppm; temperature: 28ºC; contact time: 6 hr) showing accumulation of 

AgNPs inside the cell. 
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a) 

 

b)        
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c) 

 

Fig.5 TEM micrographs recorded from athin sections of T.violaceum cells, b after reaction with 

Ag
+
 ions(cell dosage: 265 ppm; temperature: 28ºC; contact time: 3 hr), and c (cell dosage: 66 

ppm; temperature: 28ºC; contact time: 6 hr) showing accumulation of AgNPs, arrows indicate 

that particles accumlated in cells and on its wall. 

 

a) 
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b) 

 

c) 

Fig.6 TEM micrographs recorded at different magnifications. aThin sections of M.audouinii 

cells, bafter reaction with Ag
+
 ions (cell dosage: 132 ppm; temperature: 28ºC; contact time: 3 hr), 

and c (cell dosage: 8ppm; temperature: 28ºC; contact time: 6 hr) showing accumulation of silver 

nanoparticles, arrows indicate that particles accumlated on cells and on its wall. 
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4. Discussion 

The aim of this study was to biosynthesize small nanoparticles, using egyptian isolates, and 

disinfect dermatophyte fungi by these AgNPs. 

AgNPs showed to be more effective when applied to culture supernatant than if applied to 

the bacterial cells, this is may be due to extracellular secretion of the enzyme in the medium, 

extracellular synthesis of AgNPs may occur when the microorganism secretes the reducing 

enzymes out in the media, so the Ag
+
 are reduced to Ag nuclei which subsequently grow by 

further reduction of Ag
+
 and accumulate on these nuclei (Ramanathanet al., 2010). This agrees 

with Minaeianet al.,2008, who showed the bacterial solution of Bacillussubtilis after incubation 

for 24 hr at 37 C with AgNO3 solution turned brown after 24 hr. 

The selected bacterial isolate from all isolated microorganisms and some parameters were 

done to minimize the AgNPs. 

At an age of the bacteria after 96 hrAgNPs, size was 46.26 nm, which was smaller than 

AgNPs size after longer time; this might be due to the completion of NPs formation in the 

solution or the unavailability of AgNO3 for further reaction. The sameresults was showed 

byKadukováet al., 2014, who stated that between 10
th

 and 14
th

 day of alga Parachlorellakessleri 

small Ag
+
 ions were synthesized but after the 15

th
 day, the AgNPs wereaggregated and 

precipitated. 

Equal volume ratio of bacterial filtrate to AgNO3caused production of small AgNPs than 

other ratios, whereas Christopheret al.,2015 found that the maximum AgNPssynthesis occurred in 

2:1 ratio. This may be because that at higher ratios of bacterial filtrate to AgNO3, the amount of 

the AgNO3is fully reduced by the same amount of bacterial filtrate and the increased amount of 

bacterial filtrate still in the solution.    

Reaction temperature at 40 C caused producing AgNPs of smaller size.Sundaramet al.,2012 

found that when the reaction temperature is higher than 50


C, there is no observable formation 

of NPs within a time period of 24 h;this may be because of the degradation or inactivation of the 

biomolecules which are responsible for the reduction of silver metal. 

file:///D:\Master%20Eman\Volume%20effect\scielo.php.htm%23B57
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Incubation time is an important factor, as after 18 hr of incubation the AgNPs were at small 

size. Sawareet al., 2014 whose study interpreted that agglomeration was observed at higher 

temperature within 48 h. Also,Vanajaet al.,2013 discovered that agglomeration of NPs shows the 

larger size of NPs. So the optimum time duration for the formation of NPs was 1 h.   

The results showed that AgNPswere with size of 4 nm at 7 pH.Veerasamyet al., 2011 noticed 

that at acidic condition the formation of AgNPswas suppressed; so large AgNPs were formed at 

lower pH.Lower pH might have caused agglomeration of AgNPsdue to the over nucleation and 

formation of larger NPs. In the alkaline conditions, more precipitation or agglomeration occurred 

may be due to the instability of AgNPs or due to lack of stabilizing agent.  

TEM micrograph showed spherical AgNPs with size ~ 3-4 nm. Adelet al.,2013 showed TEM 

images at the range 9.96-22.7 nm of AgNPs using Bacillussp.  

In our study, EDAX characterization for AgNPs agrees with Waranet al., 2012 that showed a 

strong peak at 3 keV indicated the presence of AgNPs using Padinatetrastromatica extract. 

The FT-IR spectra of biosynthesized AgNPs showed bands noted that proteins was the 

suspected compound which was detected in the filtrate after adding the bacterial filtrate. Amino 

acids and peptides acted as reduction and stabilizing agents that prevent agglomeration by 

covering the AgNPs. Also, the results detected that the capping agents of the AgNPs may be an 

aromatic compounds or amines or alkanes (Waranet al.,2012). 

AgNPscan be used as antimicrobial agent and this is relatively new, and has attracted 

significant attention in recent years (Moroneset al., 2005).Selective toxicity of the ideal 

antimicrobial drug is an important feature; so the drug is harmful only to the parasite but be 

harmless to the host. 

NPs have many ways to enter the cell. This may be by diffusing through cell membranes as 

well as through adhesion, endocytosis,membrane potential or disruption of membranes, 

genotoxicity, oxidation of proteins, formation of reactive oxygen species (ROS), interruption of 

energy transduction, and releasing of toxic constituents. AgNPs adhered to the surface alter the 

membrane properties, therefore affecting the permeability and the respiration of the cell; they can 

penetrate inside bacteria leading todamage of DNA, and releasing ofthe toxic Ag
_
 ions. 
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Degradation of lipopolysaccharide molecules, forming pits in the membrane, and changes in 

membrane permeability due to AgNPshave also been reported (SondiandSalopek-Sondi, 2004). 

From the reported results the synthesized AgNPs exhibited a highly pronounced antifungal 

activity against the tested yeast which might be probably through destruction of yeasts potential 

and membrane integrity resulting in the formation of pores and then cell death. Several other 

studies suggest that, inhibition of bud growth correlates with membrane damage and suggest that 

AgNPs inhibit the normal budding process through destruction of the membrane (Nasrollahiet al., 

2011). 

In this study, AgNPs showed antifungal effect against Candida albicans, 

Trichophytonviolaceum, and Microsporumaudouinii. 

Lethal dose of C.albicans after 6 hr was 33 ppm, for T.violaceum after 3 hr was 265 ppm, 

and after 6 hr was 66 ppm, and MIC for M. audouinii after 3 hr was 132 ppm and 8 ppm after 6 

hr. 

That agrees with Nasrollahiet al., 2011 whose study proved the effectiveness of AgNPs 

against Candida albicans (ATCC 5027). 

Kim et al., 2008reported that nano-Ag, in an IC80 range of 1-7 ppm, showed significant 

antifungal activity against Trichophytonmentagrophytes and Candida species. 

TEM images before adding AgNPs to those cells differ from images after AgNPs adding. 

Lethal effect of AgNPs may be due to their bounding on microbial cells and thus damaged the 

cell wall and then accumulated inside the cell and on the cell wall, so damaged the organelles and 

devaculated the vacuoles. The cytoplasm showed aggregation. Cell wall might have become 

thicker to defense on the cell from rupture, and at least the cell wall was ruptured and also the 

organelles. 

 

5. Conclusion 

AgNPs in the size of ~4 nm are synthesized by the supernatant of a new isolated bacteria 

BacillusKT982274 when AgNO3 is added to it. 

The AgNPs synthesized exhibited remarkable antifungal activity against 

Microsporumaudouinii, Tricoptytonviolaceum, and Candidaalbicans.   
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Fungicidal activity of AgNPs has proved their fungicidal effect at such low concentrations 

(ppm), which do not reveal acute toxic effects on human cells, in addition to their low cost, and 

overcoming resistance when compared to conventional antibiotics. 
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 .تخليق جزيئبث فضت نبنويت من سلالت بكتيريت جذيذة ودراست تأثيرهب على الفطريبث الجلذيت

:أسمبء المشبركين ببلبحث  

شريف موسى حسيني  . د.م.أ

 .جبيعخ عٍن شًس– كهٍخ انجنبد نلآداة وانعهىو وانزشثٍخ – أسزبر يسبعذ انًٍكشوثٍىنىجً 

 طبهر أحمذ صلاح الذين. د.م.أ

يشكض انجحىس - يذٌش ركنىنىجٍب اننبنى وانًىاد انًزقذيخ ثبنًعًم انًشكضي – أسزبر يسبعذ ركنىنىجٍب اننبنى 

 .انقبهشح – انجٍضح – انضساعٍخ 

فً هزا انجحش رى عضل سلانخ ثكزشٌب ودساسخ يقذسرهب عهى إنزبط جضٌئبد يعذنٍخ نبنىٌخ، صى رعشٌف انجكزشٌب راد انًقذسح عهى 

 . Bacillussp.(KT982274) إنزبط جضٌئبد نبنىٌخ، وانزً رى رسًٍزهب

:رى اخزجبس رأصٍش عذح عىايم عهى حجى جضٌئبد انفضخ اننبنىٌخ، وكبنذ انظشوف انًضهى كبلارً- أ  

 سبعخ، واسزخذاو جهبص انطشد انًشكضي نفصم انجٍئخ انسبئهخ انزً نًذ ثهب انعضنخ 96  رحضٍن انعضنخ انجكزٍشٌخ نًذح  -1

 .لاسزخذايهب فً اخزضال حجى جضٌئبد انفضخ

 .1:1: إنى كًٍخ انجٍئخ انسبئهخ ، وانزً هAgNO3ً اننسجخ الأفضم ين كًٍخ  -2

40يع انجٍئخ انسبئهخ عنذ AgNO3دسجخ انحشاسح انًضهى نزحضٍن  -3


 .و

 . سبعخ18وقذ انزحضٍن يذح  -4

 .7انشقى انهٍذسوجٍنً عنذ  -5

 عنذ انظشوف انًضهى انزً رزنبست يع إنزبط AgNO3رى إنزبط كًٍخ ين جضٌئبد انفضخ اننبنىٌخ ثزحضٍن ثٍئخ انجكزشٌب يع - ة

 . أقم حجى

.رحهٍم ورشخٍص جضٌئبد انفضخ اننبنىٌخ ثبسزخذاو عذٌذ ين الأجهضح-ط  

.اسزخذاو جضٌئبد انفضخ اننبنىٌخ اننبرجخ كًضبد نهًٍكشوثبد انًًشضخ- د  

.  رحذٌذ رشكٍض جضٌئبد انفضخ اننبنىٌخ الأقم نزضجٍط نًى انخلاٌب انًٍكشوثٍخ انًًشضخ-ه  


