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We report the use of the fungus Fusarium semitectum, isolated from soil from Saudi 
Arabia, for the extracellular synthesis of silver nanoparticles using silver nitrate solution. 
Highly stable and crystalline silver nanoparticles were produced in solution by treating the 
filtrate of the fungus F. semitectum with an aqueous silver nitrate solution. The 
nanoparticles were characterized by UV–Vis spectrophotometry, Fourier transform 
infrared spectroscopy (FTIR), X-ray diffraction (XRD), transmission electron microscopy 
(TEM) and scanning electron microscopy (SEM). These analyses revealed that the 
particles ranged in size from 5 to 35 nm and were mostly spherical in shape. Interestingly, 
the colloidal suspensions of silver nanoparticles were stable for many weeks. 
 
(Received March 21, 2013; Accepted March 26, 2013) 
 
Keywords: Synthesis, extracellular silver nanoparticles, Fusarium semitectum. 
 

 
1. Introduction 
 
The intrinsic properties of noble metals, such as silver, gold and platinum, have been 

considered advantageous in the synthesis of nanoparticles. A number of physical and chemical 
methods, for example, electrochemical, ultrasonic-assisted, photochemical, reverse micelle-based, 
and radiation-based methods, have been reported for the synthesis of silver nanoparticles  [1] . 
These procedures use chemical agents that may be exhibit environmental toxicity. The emphasis in 
the recent past has been on the development of eco-friendly technologies using biomaterials to 
minimize the use of substances hazardous to human health and the environment  [2]. Nanoparticles 
have a very high surface area-to-volume ratio, which provides a tremendous driving force for 
diffusion, especially at elevated temperatures. Therefore, nanoparticles play an important role in 
the field of drug delivery [3]. The common definition of nanotechnology is that of the 
manipulation, observation, measurement and synthesis of materials at a scale of 1 to 100 
nanometers [4]. Nanobiotechnology is a new branch of science dedicated to the improvement and 
utilization of devices and structures ranging from 1 to 100 nm in size, in which chemical, physical, 
and biological properties not observed in bulk materials can be observed. There is tremendous 
excitement in this field because of the fundamental properties, superstructural organization and 
applications of nanomaterial. Nanomaterials exhibit a number of special properties; therefore, 
these materials may provide solutions to technological and environmental challenges in different 
areas such as medicine, agriculture, solar energy, catalysis and water treatment [5, 6].  

The approach of using culture supernatants from different bacteria, yeasts, fungi and 
actinomycetes for the synthesis of silver nanoparticles is well documented [7, 8, and 9]. 

We report the extracellular biosynthesis of silver nanoparticles using the fungus Fusarium 
semitectum. This fungus is common in soil. We have not found any published study that used this 
fungus for the synthesis and stabilization of silver nanoparticles in an aqueous system. Therefore, 
we used this fungus in the present study. The present study investigated the time dependence of the 
formation of silver nanoparticles using UV–vis spectrophotometry, the size and morphology of the 
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nanoparticles with TEM, the structure using powder X-ray diffraction (XRD) and the protein–
silver nanoparticle interactions using Fourier transform infrared (FT-IR) spectroscopy. 

 
 
2. Materials and methods 
 
2.1 Isolation and cultivation of Fusarium semitectum 
 
The fungus was isolated from soil from Riyadh, Saudi Arabia, on potato dextrose agar 

(PDA) and was incubated at 28 °C. The identification of the fungal isolate was based on 
morphological and microscopic observations (such as color, texture of the mycelia, and the spore 
formation pattern). The identities of the isolates were confirmed by the Regional Center of Fungi 
and their Applications, Al-Azhar University, Cairo, Egypt [10, 11] . 

 
2.2 Synthesis of silver nanoparticles using Fusarium semitectum 
 
The synthesis of silver particles using eight isolates of Fusarium semitectum was 

investigated [12]. Strain KSU-4 was the only one that produced silver nanoparticles. To prepare 
biomass for biosynthesis studies, the fungus was grown aerobically in a liquid medium containing 
(g/l) KH2PO4, 7.0; K2HPO4, 2.0; MgSO4·7H2O, 0.1; (NH2)SO4, 1.0; yeast extract, 0.6; and 
glucose, 10.0. The flasks were inoculated and then incubated on an orbital shaker at 27 °C and 
agitated at 150 rpm. The biomass was harvested after 72 h of growth by sieving through a plastic 
sieve, followed by extensive washing with distilled water to remove any medium component from 
the biomass. Typically, 20 g (wet weight) was added to 100 ml of double-distilled water and then 
incubated for 72 h at 27 °C in an Erlenmeyer flask and agitated under the same conditions as 
described above. After the incubation, the cell filtrate was obtained by passing the sample through 
Whatman No. 1 filter paper. The resultant filtrate was then mixed with 100 ml of carefully 
weighed 10−3 M AgNO3 solution in a 250 ml Erlenmeyer flask and kept on a shaker at 27 °C. The 
filtrate alone (without silver nitrate) and pure silver nitrate solution (without cell-free filtrate) were 
used as positive and negative controls, respectively, and were run simultaneously with the 
experimental flasks in triplicate. 

 
2.3 Characterization of AgNPs 
 
2.3.1 UV–Visible spectral analysis 
 
The formation of reduced silver nanoparticles in colloidal solution was monitored using 

UV-vis spectral analysis. Color changes in the supernatant were monitored both by visual 
inspection and absorbance measurements using a Cintra 10e GBC double beam UV–Vis 
spectrophotometer (Victoria, Australia). Independently, it was observed that the biomass 
suspension had a yellow color before the reaction with the silver ions and a brown color upon 
completion of the reaction. The spectra of the surface plasmon resonances of AgNPs in the 
supernatants were recorded using a UV–Vis spectrophotometer at wavelengths between 200 to 800 
nm. The spectra recorded at different times during biosynthesis are presented in Fig. (1). The 
control (without silver ions) showed no change in color of the cell filtrates when incubated under 
the same conditions. Analysis of samples that were several weeks old was also performed to 
determine the stability of the silver nanoparticles. 

 
2.4 Fourier transforms infrared spectroscopy.  
 
For Fourier transform infrared (FTIR) spectroscopy measurements, the biotransformed 

products present in cell-free filtrate after 72 h of incubation were freeze-dried and then diluted in 
potassium bromide at a ratio of 1:100. The FTIR spectra of the samples were recorded in the FTIR 
mode on a Nicolet 6700 spectrometer with a resolution 4 cm-1 attachment. All measurements were 
carried out in the range of 400– 4000 cm-1 at a resolution of 4 cm-1.  The IR spectroscopic study 
confirmed that amino acids and peptides coated the silver nanoparticles, preventing agglomeration. 
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2.5 X-ray diffraction analysis 
 
XRD is an important technique to evaluate the formation of silver nanoparticles and to 

determine the particle size. The fungal supernatant containing AgNPs was freeze-dried using a 
Heto Lyophilizer (Heto-Holten, Denmark) and stored in lyophilized powdered form until used for 
further characterization. The finely powdered sample was analyzed by an X’pert PRO PANalytical 
diffractometer using CuKα radiation (k = 1.54056 Å) in the range of 20 ≤ 2ɵ ≤ 80 ≤ at 40 keV.  

 
2.6 Transmission electron microscopy  
 
Transmission electron microscopy was performed on a JEOL (JEM-1010) instrument with 

an acceleration voltage of 80 kV after drying of a drop of aqueous AgNPs on a carbon-coated 
copper TEM grid. Samples were dried and kept under vacuum in desiccators before loading them 
onto the specimen holder. The particle size distribution of the silver nanoparticles was evaluated 
using ImageJ 1.45s software. 

 
2.7 Scanning electron microscopy 
 
Scanning electron micrographs were taken using a JEOL (JSM-6380 LA) instrument. The 

samples were filtered and dried before the measurements.  
 
3. Results and discussion 
 
3.1 Extracellular biosynthesis of fungal AgNPs 
 
Fungi are extremely good candidates for facilitating the synthesis of metal nanoparticles. 

The synthesis of silver particles using Fusarium semitectum was investigated [12]. After the 
addition of AgNO3 to filtered cell-free culture, the color of the mixture changed from colorless to 
brown, with the intensity of the color increasing during the incubating period. This color change 
confirmed the formation of nanoparticles. Fig. 1 shows a photograph of conical flasks containing 
the filtrate of the Fusarium semitectum (KSU-40 biomass in an aqueous solution of 10-3 M AgNO3 
at the beginning of the reaction (A) and after 3 days of reaction (B)). The control (without silver 
ions) exhibited no color change when incubated under the same conditions. The negative control 
(pure silver nitrate solution without cell-free filtrate) did not exhibit the characteristic change in 
color, indicating that the formation of nanoparticles is not a thermal and temporal process. 

 
Fig. 1. Conical flasks containing the Fusarium semitectum KSU-4 filtrate in an aqueous 
solution of 10-3 M AgNO3 at the beginning of the reaction (A) and after 3 days of reaction  
                                                                       (B). 
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3.2 Characterization and stability of fungal AgNPs 
 
UV–Vis spectrophotometry is one of the important techniques used to study the formation 

of metal nanoparticles, provided surface plasmon resonance exists for the metal. The formation 
and stability of the reduced silver nanoparticles in colloidal solution was monitored using UV-vis 
spectral analysis. The spectra showed that the silver surface plasmon resonance band was present 
at 420 nm at different time intervals during the reaction due to the excitation of the longitudinal 
plasmon vibrations. After 72 h of incubation, no further increase in the intensity was recorded, 
indicating that the precursor silver ions had been completely reduced [12, 13, and 14]. The 
reduction of silver ions occurs comparatively slowly, but the resulting silver particles are 
extremely stable in solution as a suspension, even 6–8 weeks after formation [12]. An absorption 
band at 260 nm is clearly visible and is attributed to the electronic excitations of the tryptophan 
and tyrosine residues in the proteins [15]. This absorption band indicates the release of proteins 
into the solution by F. semitectum and suggests a possible mechanism for the reduction of the 
metal ions present in the colloidal solution [12]. 

[14] reported that certain NADH-dependent reductases are involved in the reduction of 
silver ions when using F. oxysporum. The reduction of metal ions occurs on the surface and is 
catalyzed by enzymes present in the cell wall [16] .[17] suggested that the metal ions were reduced 
by a nitrate-dependent reductase and by a shuttle quinine extracellular process. Extracellular 
compounds, such as naphthoquinones and anthraquinones, exhibit excellent redox properties, and 
they can act as electron shuttles in the reduction of silver ions. 

FTIR spectroscopy is used to analyze the binding of proteins with silver nanoparticles, and 
it is possible to characterize the secondary structures involved in the metal nanoparticle-protein 
interactions. Fig. (2) shows the FTIR spectrum of a freeze-dried powder of silver nanoparticles 
formed after 72 h of incubation with the fungus supernatant. An IR spectroscopy study confirmed 
that amino acid and peptides formed a coat covering the silver nanoparticle, preventing 
agglomeration. The FTIR spectrum contained two bands at 1636.75 cm-1 that correspond to the 
bending vibrations of the amide I and amide II bands of the proteins [18], and the corresponding 
stretching vibrations of the primary amines were observed at 3289.48 cm-1. These observations 
indicate the presence of and the binding of proteins with silver nanoparticles, which can lead to the 
stabilization of the nanoparticles. Thus, the presence of these bands in the FTIR spectra of silver 
nanoparticles indicate that the secondary structure of the proteins is not affected during the 
formation of silver nanoparticles or by the binding of the proteins with the silver nanoparticles 
[19]. The FTIR results revealed that the secondary structures of the proteins were not affected as a 
consequence of the reaction with silver ions or of the binding with silver nanoparticles. It is 
important to understand that it is not just the size and shape of proteins that play important roles—
the conformations of protein molecules are also important [20] . An IR spectroscopy study 
confirmed that amino acid and peptides formed a coat covering the silver nanoparticles, preventing 
agglomeration. 
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Fig. 2. Fourier Transform Infrared Spectroscopy (FTIR) spectrum of Ag nanoparticles 

synthesized by the reduction of Ag+ ions by Fusarium semitectum KSU-4. 
 

 
Reflecting the crystalline nature of the AgNPs, intense XRD peaks were observed 

corresponding to the (111), (200), (220) and (311) planes at 2θ angles of 38.11, 44.12°, 64.24°, 
and 77.52°, respectively (Fig. 3). These results were in good agreement with the unit cell of the 
face-centered cubic (fcc) structure (JCPDS File No 03-0921) reported by [21, 22] .   

 
Fig. 3. XRD pattern of as-synthesized silver nanoparticles produced by Fusarium 

semitectum KSU-4. 
 

 
TEM measurements were used to determine the morphology and shape of nanoparticles. 

TEM micrographs (Fig. 4) revealed that the particles are spherical in shape and are uniformly 
distributed (monodispersed) without significant agglomeration. The particle size histogram of 
silver nanoparticles shows that there are variations in the particle size and the average size. The 
particle size ranges from 5 to 35 nm, and the very tiny particles (ca. 5–10 nm) may be due to 
vigorous shaking [20]. The particle distribution presented in the histogram shows that almost 30% 
of the particles are in the 15 to 20 nm range. The size and shape of the biosynthesized 
nanoparticles appear to depend on the type of the microorganisms and on factors such as the 
temperature and pH of the medium. Therefore, considerable size variability in the AgNPs 
produced by different fungal species have been reported. AgNP size ranges of 5–60, 5–25, 5–105 
and 5–40 nm have been reported for Fusarium spp. [12, 14, and 17].    
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Fig. 4. Transmission Electron Microscopy (TEM) images of silver nanoparticles 
synthesized by Fusarium semitectum KSU-4 

 
 

 
 

Fig. 5. SEM micrograph of silver nanoparticles synthesized by Fusarium semitectum KSU-
4 at 5000× magnification. 

 
 

 
Scanning electron micrography (Fig. 5) confirmed the data obtained by transmission 

electron microscopy, although the preparation of the samples (including drying) can affect their 
size and shape. The nanoparticles partially aggregated due to the drying process, as observed [23]. 
SEM micrographs of silver nanoparticles show, in many cases, the aggregation of particles due to 
the capping agent. Therefore, the particle size measured by SEM can be larger than the size 
measured by TEM [17]. 

 
 
 
 



595 

Acknowledgements 
 
This Project Was Supported By King Saud University, Deanship Of Scientific Research, 

College Of Science Research Center. 
 
 
References 

 
  [1] B.L. Cushing, V.L. Kolesnichenko,  C. J.O’Connor, Recent advances in the liquid-phase  
        syntheses of inorganic nanoparticles Chem. Rev., 104,9 (2004).  
  [2] P.T. Anastas, J.C.Warner, Green Chemistry: Theory and Practice Oxford University Press,  
       New York, 1998. 
  [3] C. Mah, I. Zolotukhin , T. Fraites, J. Dobson, C. Batich, Byrne,  Microsphere- mediated  
         delivery of recombinant AAV vectors in vitro and in vivo, B. J., Molecular Therapy 1(2000). 
  [4] K.S. Raj, K.K. Asha, Trendz in Biotech. Nanotechnology in agriculture 2 (2009). 
  [5] L. Dahl, B. L. Maddux, J. E. Hutchison, Chem Rev. Toward Greener Nanosynthesis  
        107( 2007). 
  [6] E. Hutchison, ACS Nano. Greener Nanoscience : A Proactive Approach to Advancing  
        Applications and Reducing Implications of Nanotechnology 2 (2008).  
  [7] D. Mandal, M. E. Bolander, D. Mukhopadhyay, G. Sarkar, P. Mukherjee, Appl. Microbiol.  
        Biotechnol. The use of microorganisms for the formation of metal nanoparticles and their  
       application 69(2006). 
  [8] P. Mohanpuria, N. K. Rana, S.K. Yadav, J. of Nanoparticle Res. Biosynthesis of  
        nanoparticles: technological concepts and future applications, 10, 3 (2008).  
  [9] V. K. Sharma, R. A. Yngard, Y. Lin, Colloid Interface Sci. Silver nanoparticles: green  
        synthesis and their antimicrobial activities 145 ,1-2 (2009). 
[10] P. E. Nelson, T.A. Tousoun,  F.O. Marasas,  Fusarium species: An illustrated  manual for  
        identification, The Pennsylvania state University Press, (1983). 
[11] C. Booth, The genus Fusarium. Commonwealth Agricultural Bureaux, England, (1971). 
[12] S. Basavaraja, D. Balaji, A. Lagashetty, A.H. Rajasab, A. Venkataraman, Materials Research  
       Bulletin. Extracellular biosynthesis of silver nanoparticles using the fungus Fusarium  
       semitectum 43 (2008). 
[13] A. Ahmad, P. Mukherjee, D. Mandal, S. Senapati, M.I. Khan,  R. Kuma, M. Sastry, J. Am.  
       Chem. Soc. Enzyme mediated extracellular synthesis of CdS nanoparticles by the fungus  
      Fusarium oxysporum 124 (2002). 
[14] A. Ahmad, P. Mukherjee, S. Senapati, D. Mandal, M.I. Khan, R. Kumar,   M. Sastry, Colloids  
        Surfaces, B: Biointerfaces. Extracellular biosynthesis of silver nanoparticles using the fungus  
       Fusarium oxysporum 27 (2003). 
[15] M. R. Eftink, C.A. Chiron, Anal. Biochem. Fluorescence quenching studies with proteins  
       114, 1 (1981). 
[16] P. Mukherjee, A. Ahmad, D. Mandal, , S. SenapatiSainkar, R.S., Khan, R. Parishcha,  
        V.P. Ajaykumar, M. Alam, R. Kumar, M. Sastry, Nano Letters. Fungus-mediated synthesis  
       of silver nanoparticles and their immobilization in the mycelia matrix. Anovel biological  
       approach to nanoparticle synthesis 1, 10 (2001). 
[17] N. Duran, D.P. Marcato, L.O. Alves, G. De Souz, E.Esposito, J. Nanobiotechnology,  
        Mechanical aspect of biosynthesis of silver nanoparticles by several Fusarium oxysporum  
      strains 3(2005). 
[18] A. Gole, C. Dash, V. Ramakrishnan, S.R. Sainkar, A.B. Mandale, M. Rao, M. Sastry,  
       Langmuir. Pepsin-gold colloid conjugates: Preparation, characterization, and enzymatic  
       activity 17(2001). 
[19] D. S. Balaji, S. Basavaraja, R. Deshpande, D. Bedre, M.B.K. Prabhakar, and  
        A.Venkataraman, Colloids and Surfaces B: Biointerfaces. Extracellular biosynthesis of  
        functionalized silver nanoparticles by strains of Cladosporium cladosporioides fungus   
        68 (2009). 
 



596 

[20] N. Jain, A. Bhargava, S. Majumdar, J. C Tarafdarb, J. Panwar, Nanoscale. Extracellular  
         biosynthesis and characterization of silver nanoparticles using Aspergillus flavus NJP08:  
        A mechanism perspective 3 (2011). 
[22] G. Li, D. He, Y. Qian, B. Guan, S. Gao, Y. Cui, K. Yokoyama, L. Wang, Int. J. Mol. Sci.  
       Fungus-Mediated Green Synthesis of Silver Nanoparticles Using Aspergillus terreus  
      13 (2012). 
[23] Z. Sadowski, I. H. Maliszewska, B. Grochowska, I. Polowczyk, T. Koźlecki, Materials  
       Science-Poland. Synthesis of silver nanoparticles using microorganisms, 26, 2 (2008). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


