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Abstract 

Among the different methods employed for synthesis of nanoparticles, the biological method is 

most favorable and well established.  Fungi provide many advantages in this context. In this 

study, extracellular synthesis of silver nanoparticles from Penicillium sp. was carried out. 

Nanoparticles were produced due to reduction of silver ions from silver nitrate, the formation 

of which was monitored by UV-visible spectrophotometry. The optimization of the biosynthesis 

procedure with respect to substrate concentration, pH, and salinity were carried out. The size 

and morphology was determined using Atomic Force Microscopy technique and the 

dimensions were observed to be around 75nm. 
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1.1 Introduction 

Silver is medically considered as one of the most powerful elements due to its activity against 

mammalian tissues where it acts as an antiseptic agent [1]. Silver, in its metallic as well as 

ionic forms, exhibits cytotoxicity against several microorganisms and hence used as an anti 

microbial agent [2]. Some microorganisms are also able to accumulate silver by adsorption. 

Silver nanoparticles have been exploited for their unique properties and their vast applications 

in biomedicine. Environmentally benign methods have been developed for the synthesis of 

these nanoparticles which eliminate the use of toxic chemicals during their synthesis process 

[3]. Ag nanoparticles are usually synthesized from bacteria and fungi. The latter posses more 

advantages which include filamentous fungal tolerance towards metals, their high binding 

capacity and intracellular uptake of metals [4]. Further, the mass production of fungi is easy, 

for synthesis of nanoparticles [5]. Ag nanoparticles have been widely employed due to their 

physicochemical properties [6] and are currently used as anti-bacterial agents in food storage, 

textile and health industries, for biolabeling and as biosensors. The anti microbial activity of 

silver nanoparticles has now been well established and they are confirmed to posses anti 

inflammatory, anti viral, anti platelet and anti fungal activity [7].  

   One of the major issues to be considered during synthesis of nanoparticles is their size, 

depending on which, the applications may vary [8]. Syntheses may be routed through either 

intracellular or extracellular pathway. The latter is disadvantageous for harvesting the product 

and recovery may be cumbersome and expensive. For extracellular synthesis, it is reported that 

a reductase enzyme is released into solution which brings about reduction of Ag+ ions [9]. 

Therefore the extracellular synthesis of Ag nanoparticles from fungi is most widely adapted. 

The present study deals with the extracellular synthesis of Ag nanoparticles from the fungus 

Penicillium sp, the formation of which was monitored by spectroscopy. This was followed by 

microscopic characterization. 

2.1 Materials and Methods 

A culture of Penicillium sp was used for the extra cellular production of silver nanoparticles. 
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Production of bio-mass 

 The preparation of biomass for biosynthesis of silver nanoparticles from  Penicillium sp 

involved the aerobic culturing of  fungus in a liquid broth composed of KH2PO4,(7.0g/L), 

K2HPO4(2.0g/L), MgSO4. 7H2O (0.1g/L), (NH4)2SO4 (1.0g/L) yeast extract, (0.6g/L) and 

glucose (10g/L). The flask containing this culture was incubated at 29
0
C for about 8 days. The 

biomass thus obtained was harvested, followed by extensive washing with Milli Q water. 

Synthesis of silver nanoparticles using silver nitrate 

15 Gms of biomass was re-suspended in about 150mL milli Q water and incubated for 72 

hours at 29
0
C. Subsequently, the biomass was filtered using a Whatmann filter paper No1. The 

pH of filtrate was found to be 5.84. To the 150mL of filtrate, silver nitrate was added to give an 

overall concentration of 1mM (0.017g/100mL). The reaction was carried out in dark. The 

control with only the cell filtrate and without silver ion was run along with the test sample. 

Time dependent formation of silver nanoparticles was measured by using UV-visible 

spectrophotometer at 24, 48 and 72 hours and the absorbance was measured at wave lengths 

ranging from 200 to 600nm. 

Optimization of silver nanoparticle syntheses 

The filtrate containing silver nanoparticles were subjected to further studies. The influence of 

substrate concentration, pH and salinity, on the production of silver nanoparticles was 

optimized by varying the parameters such as substrate concentration (0.5, 1.0, 1.5, 2.0, 2.5mM 

of AgNO3), pH (5,6,7,8) and salinity 0.1, 0.2, 0.3, 0.4, 0.5% NaCl) at different time intervals. 

300µL of the sample was withdrawn to measure the optical density at a wavelength of 450nm 

with a UV-visible spectrophotometer.  

Characterization and analysis of silver nanoparticles 

After an incubation of about 72 hours, the filtrate containing silver nanoparticles were 

characterized using spectrophotometry and atomic force microscopy (AFM). The latter is used 

to predict the size and gave a three dimensional image from which the particle height and 

volume can be calculated. The sample was prepared by centrifuging the cell filtrate and making 

a smear with the pellet obtained. This was then subjected to AFM analysis. 
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Studies on the Antimicrobial activity of silver nanoparticles 

An experiment was carried out to determine the synergistic effect of antibiotics against the 

gram positive and gram negative bacteria with the silver nanoparticles synthesized. Standard 

antibiotic discs were used and plated onto Muller-Hinton Agar along with the AgNPs. 20µl of 

AgNPs were used along with the standard antibiotic disc. Overnight cultures of the test sample 

was inoculated and incubated at 37
0
C overnight. The zone of inhibition was measured. 

3.1 Results and Discussion 

Several physical and chemical methods exist for this nanoparticle synthesis [10]. However 

recently there has been an increasing interest in developing and promoting an eco-friendly 

route for their synthesis. This involves utilizing biological systems like bacteria, fungi and 

yeast, which show the ability to reduce metal ions to metallic nanoparticles. Fungi are widely 

used as tools for this purpose and are more advantageous in both processing as well as 

handling the bio-mass [11]. 

 

Fig. 1: Cell filtrate with AgNO3 (right) and control (left) 

 Figure 1 show flasks containing cell filtrate with silver nitrate solution and the positive control 

flask (only filtrate without silver nitrate) after an incubation of 24 hours. The change in colour 

of test filtrate from pale pink to yellowish brown was observed visually.  The color remained 

yellowish brown in case of the positive control. A negative control with only silver nitrate was 
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incubated simultaneously and this remained colorless after 24 hours. This shows the probable 

formation of silver nanoparticles in the test sample. 

 

                           Fig. 2: UV- spectral recordings at 24, 48 and 72 hours 

The presence of nanoparticles was confirmed using UV-visible spectrophotometry. The 

absorbance measurements of the test filtrate for 24, 48 and 72 hours are given in Figure 2, for a 

complete wavelength scan of 200 to 600nm. Results indicate that the absorbance values peak 

between 420-430nm at all three time intervals with maximum values being observed after a 

period of 48 hours. The variation in absorbance values after 48 hours is not very significant, 

showing that the attainment of reaction equilibrium after 72 hours. The enzyme activity 

probably reaches its maximum by this time. Similar time equilibrium has been reported for 

Trichoderma Reesei [12]. 

 

Fig. 3: Surface plasmon resonance of silver nanoparticles with specific wavelength of incident 

light 
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The change in colour may be due to excitation of surface Plasmon vibrations of silver 

nanoparticles [12, 13, 14]. Here, the interactions of these particles with light occur as electrons 

on the metal surface undergo oscillations when excited by light at specific wavelengths (Figure 

3). The strong absorption at 420-430nm may be due to these oscillations. Further, increase in 

color intensity may be due to aggregation of the synthesized nanoparticles wherein they 

become coupled electronically. The latter system has a surface plasmon resonance which is 

different from the individual particles. The UV-Vis spectrophotometric results can also be used 

to quantify the nanoparticles. The exact mechanism for the synthesis of nanoparticles has not 

been clearly established but an enzyme NADH-dependent nitrate reductase is known to be 

involved in the process [15, 16]. Several studies have confirmed this hypothesis [17, 18]. The 

observations in this study indicate that enzyme nitrate reductase is probably released into cell 

filtrate. Upon substrate addition, silver ions are reduced to silver nanoparticles by the enzyme 

action thus bringing about extracellular biosynthesis. The nanoparticle formation was 

monitored using UV-visible spectrophotometry which is one of the techniques used for 

confirmation of their formation proving surface plasmon resonance of the metal [19]. The UV 

spectral recordings were analyzed and it was observed that silver plasmon resonance band was 

at 420nm which was determined by a peak at the same wavelength [20]. 

  

           Fig. 4: Effect of substrate on Ag concentration     

The effect of substrate concentration was studied by utilizing different concentrations of silver 

nitrate to synthesize the nanoparticles. Cell filtrate was treated with 0.5, 1.0, 1.5, 2.0, 2.5mM of 
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AgNO3 and incubated. The maximum production was observed at 1.5mM concentration as 

shown in Figure 4. The present study achieved the extra cellular bio-synthesis of silver 

nanoparticles within 2 hours of incubation with silver ions. Production of nanoparticles was 

monitored at different concentrations of the substrate, viz., silver nitrate, but maximum 

production, as again evidenced by absorbance measurements, was seen at a concentration of 

1.5mM. At lower AgNO3 concentrations, excess enzyme may have been available within the 

system, but higher production may not have occurred due to lack of substrate molecules. 

Alternatively, the presence of substrate in the medium may also serve to induce the release of 

enzyme from fungi, which may in turn reduce silver in the substrate to nanoparticles. As more 

of the substrate molecules are supplied to the medium, the enzyme secretion by the fungi may 

proportionately increase till a threshold concentration which in this case was observed to be 

1.5mM.  

Figure 5 indicates effect of pH in nanoparticle synthesis and the optimum value for maximum 

synthesis was found to be 6 compared to other levels (pH 5, 7, 8). It was also proved that 

maximum production occurred at pH 6, as the highest absorbance was seen at this pH. At 

higher and lower pH, the absorbance was proportionately lower. The enzyme reductase 

catalyzing the synthesis is probably deactivated gradually as the conditions become alkaline, 

and this may be the reason for reduced synthesis and lower absorbance which is observed at 

higher pH values.  

                          

  Fig. 5: Cell filtrate with varying pH                              Fig. 6: Effect of pH on AgNP 

 Synthesis was studied at different salinity levels (0.1, 0.2, 0.3, 0.4, 0.5% NaCl) (Figure 6). 

Maximum production was observed at a salt concentration of 0.1%. It was also observed that 
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concentrations of NaCl above 0.1% were unfavorable for the nanoparticle synthesis. 

Deactivation of enzyme by excess salt may have reflected in lower absorbance values. The 

concentration of 0.1% NaCl favored the production and stability of metal nanoparticles. 

Characterization of silver nanoparticles was carried out using AFM. It was observed that, 

nanoparticles of size 75 nm were formed (Figure 7). 

        

Fig. 7: Cell filtrate with varying salt                   Fig. 8: Effect of salinity on Ag concentration 

The synergistic antibacterial activity of silver nanoparticles with different antibiotics was 

investigated. The zone of inhibition of these antibiotics against gram positive and gram 

negative organisms were measured separately and along with nanoparticles. The results are 

tabulated in Table 1. Activity of erythromycin, vancomycin and bacitracin increased in 

presence of nanoparticles against gram positive and gram negative bacteria. The percentage 

fold of increase in antibiotic activity when incubated along with nanoparticles in given in 

Figure 8. Erythromycin was shown to have highest percentage fold increase, followed by 

Vancomycin and Bacitracin. 

 

                   Fig. 9: AFM image of silver nanoparticle having a size of 75nm 
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 Table 1: Zone of inhibition for different antibiotics against the test organisms 

 Methicillin (5µg/disc) Erythromycin (10µg/disc) 

 Met 

(zone in 

mm) 

Met+AgNP Fold 

increase (in 

%) 

Ery Ery+AgNP Fold 

increase 

(in %) 

S.aureaus 0 0 0 0 0 0 

P.mirabilis 0 0 0 2 4 100 

 

 Vancomycin (10µg/disc) Bacitracin       (8units/disc) 

 Van 

(zone in 

mm) 

Van+AgNP Fold 

increase (in 

%) 

Bac Bac+AgNP Fold 

increase 

(in %) 

S.aureaus 13 16 23.07 18 20 11.11 

P.mirabilis 0 1 100 0 0 0 

 

The antibacterial activity of the Ag-NPs was carried out to evaluate the efficacy of these 

nanoparticles against a gram positive and gram negative bacteria. The diameter of the 

inhibitory zone and the percentage of increase in fold area were measured. The antibiotics were 

used as a positive control in comparison with that of Ag-NPs. The antibacterial activity of Ag-

NPs in combination with erythromycin, vancomycin and bacitracin was increased, while no 

zone of inhibition was observed in case of methicillin against both the test organisms (Table 1). 

This was also assessed by showing the increase in percentage fold area. It was observed that 

erythromycin showed the maximum increase in fold area (Figure 10). Similar study was 

carried out to determine the antifungal activity of silver nanoparticle in combination with 

fluconazole [21]. The effect of silver nanoparticles on gram negative bacteria was shown to be 

enhanced over that of the gram positive. A similar case was reviewed by Singh et al [22]. 
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Literatures show that the exact mechanism of action of Ag-NPs is understood only to some 

extent. There are different theories proposed to evaluate the same. Matsumura et al proposed 

that silver ions interacts with the thiol groups of some of the major enzymes and inactivates 

them [23]. The findings of Feng et al revels that the replication ability of DNA is lost as a 

result of interaction of silver ions with the bacterium.  Their other studies showed that there 

were some structural changes in the cell membrane due to silver ions which was responsible 

for the antibacterial activity of the Ag-NPs [24]. 

 

 

Fig. 10: Fold increase in antibacterial activity of antibiotics with AgNP against test orgs 

4.1 Conclusion 

Penicillium sp. was exploited for the biological synthesis of nanoparticles extracellularly. This 

involved secretion of enzyme nitrate reductase into cell filtrate which brought about reduction 

of silver ions into silver nanoparticles. Penicillium sp. was observed to have maximum 

production of nanoparticles at a pH 6, at a salt concentration of 0.1% with a substrate 

concentration of 1.5mM AgNO3. The size of the silver nanoparticles was observed to be 75 

nm. 
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