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Abstract: The objective of this study was to find one or more fungal strains that could be utilized 

to biosynthesize antifungal silver nanoparticles (AgNPs). Using morphological and molecular 

methods, Arthroderma fulvum was identified as the most effective fungal strain for synthesiz-

ing AgNPs. The UV–visible range showed a single peak at 420 nm, which corresponded to the 

surface plasmon absorbance of AgNPs. X-ray diffraction and transmission electron microscopy 

demonstrated that the biosynthesized AgNPs were crystalline in nature with an average diameter 

of 15.5±2.5 nm. Numerous factors could potentially affect the process of biosynthesis, and the 

main factors are discussed here. Optimization results showed that substrate concentration of 

1.5 mM, alkaline pH, reaction temperature of 55°C, and reaction time of 10 hours were the 

optimum conditions for AgNP biosynthesis. Biosynthesized AgNPs showed considerable activ-

ity against the tested fungal strains, including Candida spp., Aspergillus spp., and Fusarium 

spp., especially Candida spp.
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Introduction
Nanoparticles are particles of 1–100 nm diameter. They have unique properties such as 

a surface effect, an optical effect, a quantum size effect, and a macroscopic quantum 

tunneling effect. They also differ from conventional materials in how they exhibit 

heat, light, electricity, magnetism, catalysis, and sensitivity.1 Methods of synthesizing 

nanoparticles include chemical, physical, and biological protocols. Chemical and physi-

cal methods have traditionally been used to synthesize nanoparticles, but as “green” 

approaches increase in popularity, nanoparticles are increasingly being produced by 

nontoxic and environmentally friendly methods. The development of reliable and 

environmentally- friendly processes to synthesize nanoparticles is an important step 

in the application of nanotechnology. Biological methods have become increasingly 

prominent because they are inexpensive, use mild reaction conditions in a variety of 

hosts, and can produce stable nanoparticles of controlled dimensions.2–4 Biological 

methods include synthesis through the use of plants,5,6 bacteria,7,8 and fungi.9–12 Fungi 

have become one of the main biological candidates for synthesizing nanoparticles 

because of their metabolic diversity.

The first report of using fungi to biosynthesize nanoparticles dates back to a letter in 

Nature in 1989, reporting the production of CdSe nanoparticles by Candida albicans.13 
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Subsequent studies demonstrated that fungi could biosynthesize 

different metal nanoparticles,14–16 including AgNPs. The yeast 

strain MKY3 biosynthesizes AgNPs of 2–5 nm diameter extra-

cellularly in its logarithmic growth phase.17 Verma et al18 and 

Qian et al19 have used endophytic fungi to biosynthesize AgNPs 

and have evaluated their antibacterial activity. Li et al20 utilized 

a soil isolate of Aspergillus terreus to biosynthesize AgNPs 

and discussed possible mechanisms of biosynthesis.

Interdisciplinary research and improved scientific knowl-

edge have contributed to significant progress in the field of biol-

ogy, especially with the emergence of nanotechnology, which 

has created a huge impact on all spheres of human life. AgNPs 

are important in medicine, particularly as “natural” antibacte-

rial and antifungal agents in an era of drug resistance. AgNPs 

showed better antibacterial and antifungal activities against 

Pseudomonas aeruginosa, Escherichia coli,21 and Candida 

spp.22,23 Fungal infections are becoming more common; in addi-

tion to yeast being the main pathogenic bacteria, diseases caused 

by Aspergillus and Fusarium also continue to increase,24,25 and 

the limitations of drugs make it difficult to treat.

In this study, we first biosynthesized AgNPs using the 

fungus Arthroderma fulvum strain HT77 and then evaluated 

the antifungal properties of these AgNPs against an unprec-

edentedly broad diversity of fungal pathogens, including 

Candida spp., Aspergillus spp., and Fusarium spp. We have 

optimized the conditions of AgNP production in this system, 

and we discuss the effects of different conditions on the 

biosynthesis of AgNPs.

Materials and methods
Isolation of strain HT77
Strain HT77 was one of 17 fungi isolated from soil samples 

collected from different sites of Nanhu Park, Jilin, People’s 

Republic of China. Pure cultures were established by per-

forming serial dilutions and plating onto potato dextrose 

agar (PDA; BD, Franklin Lakes, NJ, USA) medium. Plates 

were incubated at 28°C for 15 days and monitored daily to 

assess the growth of fungal colonies. Each purified fungal 

strain was checked by the hyphal tip method26 and transferred 

to a new PDA plate. Of the isolated strains, HT77 had the 

highest level of AgNP biosynthesis; it was stored at 4°C on 

PDA slopes for further study.

Morphological observation and 
identification by ITS sequence analysis
After storage, strain HT77 was reactivated on PDA at 28°C 

for 3 days and then inoculated onto a new PDA plate and 

grown at 28°C for 10 days. The macroscopic morphology was 

observed by eye. Cultures were incubated on slides of PDA 

at 28°C for 4 days; the slides were stained with lactophenol  

cotton blue and then observed under a light microscope (Nikon 

Alphaphot 2, YS2-H) to observe its micromorphology.19

Strain HT77 was inoculated into 10 mL of potato dextrose 

broth (BD) and incubated at 28°C for 3 days with continuous 

agitation at 140  rpm. Genomic DNA was extracted using 

the GenTLETM for Yeast kit (Takara Bio, Dalian, People’s 

Republic of China) as described previously.27 Polymerase 

chain reaction amplification of the internal transcribed 

spacer region was performed as described previously 

(primers ITS1: 5′TCCGTAGGTGAACCTGCGG3′; ITS4: 

5′TCCTCCGCTTATTGATATGC-3′).19 Polymerase chain 

reaction products were directly sequenced by Comate Biosci-

ence (Jilin, People’s Republic of China). Sequence editing 

and analysis were performed with ATGC and GENETYX 

software; homology studies were performed using BLASTn 

against the GenBank nr server. The ITS sequence of HT77 

was submitted to GenBank.

Biosynthesis of AgNPs
Strain HT77 was grown in 100 mL cultures of potato dextrose 

broth, which had been inoculated with ~106 cells, in 250 mL 

conical flasks. The flasks were incubated at 28°C and 140 rpm 

for 7 days. After incubation, fungal biomass was separated 

by filtration, washed with sterile distilled water to remove the 

traces of culture media components, resuspended in 100 mL 

distilled water, incubated at 28°C for 24 hours, and then fil-

tered. Silver nitrate (AgNO
3
, 1 mM) was added to the filtrate 

to promote the formation of AgNPs. The ratio of cell filtrate 

to AgNO
3
 was kept at 1:9 (v/v), and the reaction mixture was 

incubated at 28°C for 48 hours. Controls (without the addition 

of AgNO
3
) were incubated under the same conditions.

Analysis of AgNPs using UV-visible 
spectrophotometer
Color change in the reaction mixture was the initial indicator 

of the formation of AgNPs. When the color changed, 3 mL of 

the reaction mixture was removed to measure its absorbance 

using a UV-visible spectrophotometer (UV-2450; Shimadzu, 

Tokyo, Japan), scanning the 300- to 600-nm absorbance 

spectrum in steps of 1 nm. Scanning was performed after 

reaction times ranging from 5 minutes to 10 hours.

Characterization of AgNPs by XRD  
and TEM
The presence of AgNPs was confirmed by X-ray diffraction 

(XRD). Detailed characterization of the size, distribution, 
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and morphology of AgNPs was performed using transmission 

electron microscopy (TEM). AgNPs were isolated by 

centrifugation of the reaction mixture at 10,000  rpm for 

10 minutes, washed twice with sterile distilled water, and then 

resuspended in 10 mL sterile distilled water. One drop of this 

resuspended sample was applied to a carbon-coated copper 

grid and allowed to dry before analysis. The average size 

of biosynthesized AgNPs was determined using a Malvern 

Zetasizer Nano ZS (Malvern Instruments, Malvern, UK) 

analyzer at room temperature.

Optimization of AgNP biosynthesis
Four main parameters were selected for the optimization of 

AgNP biosynthesis: substrate concentration, reaction pH, 

reaction temperature, and reaction time. Each variable was 

optimized by varying only a single parameter at a time, that 

is, substrate concentration alone (0.5 mM, 1.0 mM, 1.5 mM, 

2.0 mM, and 2.5 mM AgNO
3
), reaction pH (5.0, 6.0, 7.0, 

8.0, 9.0, and 10.0), reaction temperature (15°C, 25°C, 35°C, 

45°C, 55°C, and 65°C), and reaction time (2 hours, 4 hours, 

6 hours, 8 hours, 10 hours, and 12 hours). The absorbance 

of resultant samples was measured at 420 nm.

Analysis of the antifungal activity of 
AgNPs
Ten species from three genera were tested for their sus-

ceptibility to the antifungal properties of biosynthesized 

AgNPs, including C. albicans ATCC90028, C. parapsilosis 

ATCC22019, C. krusei ATCC6258, C. tropicalis JLCC31384, 

Aspergillus fumigatus IFM40808, A. flavus IFM55648, 

A. terrrus JLCC30844, Fusarium solani JLCC30866,  

F. moniliforme JLCC31463, and F. oxysporum JLCC31768 

(ATCC: American Type Culture Collection, Manassas, VA, 

USA; IFM: Institute for Food Microbiology, at present the 

Medical Mycology Research Center, Chiba University, 

Japan; JLCC: Culture Collection of Jilin University, Mycol-

ogy Research Center, People’s Republic of China).

Using protocols based on the Clinical and Laboratory 

Standards Institute guidelines (document M38-A2), the 

minimal inhibitory concentrations (MICs) of the AgNPs were 

determined for the tested fungi, using a broth microdilution 

method. AgNPs were added to sterile RPMI-1640 medium 

containing 2% (w/v) glucose, buffered to pH 7.0. Final 

concentrations of AgNPs were 0.125–64  mg/L. The final 

inoculation concentration in cultures of the tested strains was 

1.0–2.0×104  CFU/mL. Itraconazole and fluconazole were 

used as positive controls. Testing was performed in 96-well 

plates, which were incubated at 37°C for yeasts or 28°C for 

filamentous fungi. The plates were assessed visually after 

24 hours for Candida spp. and after 48 hours for Aspergillus 

spp. and Fusarium spp. The MIC was defined as the lowest 

concentration of the AgNPs that inhibited visible fungal 

growth by 80%. Tests were repeated three times.

Fungal growth kinetics in the presence of 
AgNPs
The effect of AgNPs on the kinetics of fungal growth 

was studied for Candida spp. (C. albicans ATCC90028, 

C.  parapsilosis ATCC22019, C. krusei ATCC6258, and 

C.  tropicalis JLCC31384). Briefly, yeast extract peptone 

dextrose medium (YEPD; BD) containing 2.50  μg/mL 

AgNPs was inoculated with fungal cells to achieve an initial 

cell density of 1×106 CFU/mL. Cultures were incubated in 

150 mL conical flasks containing 30 mL of YEPD supple-

mented with AgNPs and shaken at 37°C and 100 rpm for 

36 hours. Growth curves were drawn using the optical density 

(OD
560

) values measured during growth.

Results and discussion
Strain identification
The HT77 strain that could rapidly biosynthesize AgNPs, was 

obtained through the experiment. This strain grew slowly; the 

colonies incubated on PDA medium at 28°C were 6.5 cm in 

diameter at day 9. Each colony was suede-like and released 

red pigment into the PDA (Figure 1A). Conidia were globose 

to pyriform with 15–25  µm in length, darkly pigmented, 

had a verrucose external surface, and became multicellular 

(Figure 1B). Based on these typical characteristics, the strain 

was identified as the genus Arthroderma. BLAST analysis of 

the ITS sequence of fungus returned 99% homology to the 

ITS sequence from Arthroderma fulvum (accession number 

AB193716.1). Based on the degree of homology typically seen 

in ITS sequence-related fungi, strain HT77 was identified as  

Arthroderma fulvum finally.

Biosynthesis and characterization of 
AgNPs
When AgNO

3
 was added to the fungal cell filtrate, the color 

of the reaction mixture turned dark brown after 1  hour 

(Figure 2), indicating surface plasmon resonance of metallic 

AgNPs. The formation of AgNPs was detected and monitored 

over time by UV–visible absorption spectrum scanning in 

the range of 300–600 nm (Figure 3), with increasing reaction 

time (ranging from 5 minutes to 10 hours). As illustrated in 

the UV–visible spectra, the absorbance intensity gradually 

increased with time without any shift of the wavelength 
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in which the maximum absorbance was observed. This 

indicated a continuous reduction of AgNO
3
 and, conse-

quently, an increase in AgNPs concentration.

Figure 3 shows that the reaction had run for 5 minutes; 

a specific absorption peak could be detected at 420  nm, 

indicating the formation of AgNPs. The formation time of 

AgNPs is shorter compared with some previous studies.28,29 

After the reaction had run for 10 hours, the specific surface 

plasmon resonance band was at 421 nm, remaining close 

to 420 nm. Absorption values had reached their maximum, 

demonstrating that AgNPs were both dispersed and stable 

throughout the reaction volume. Arthroderma fulvum has 

never previously been reported to biosynthesize AgNPs, 

making our work an important step toward green methods 

of nanoparticle synthesis.

XRD was used to identify the crystalline nature of 

AgNPs. The XRD patterns of the lyophilized AgNPs using 

Arthroderma fulvum are shown in Figure 4. Five diffrac-

tion peaks at 2θ values of 31.8°, 37.9°, 45.0°, 64.3°, and 

77.7° were observed, corresponding to Bragg’s reflections 

of metallic AgNPs crystallized in a face-centered cubic 

structure with basal (111), (200), (220), (311), and (222) 

lattice planes, respectively.19,20 The results of the XRD pat-

tern further corroborated the biosynthesis of AgNPs, with 

Figure 1 Morphology of Arthroderma fulvum (strain HT77).
Notes: (A) Macroscopic morphology (PDA, 28°C, 9 days) and (B) microscopic morphology (×400, stained with lactophenol cotton blue).
Abbreviation: PDA, potato dextrose agar.

Figure 2 The cell filtrate of Arthroderma fulvum without AgNO3 (left) and with 
AgNO3 after 1 hour (right).

Figure 3 UV–visible absorption spectrum of AgNPs biosynthesized by the reduction 
of AgNO3 solution with the cell filtrate of Arthroderma fulvum with different time 
intervals.
Abbreviations: Abs, absorbance; AgNPs, silver nanoparticles; h, hours; min, minutes.
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sharp bands of Bragg peaks corresponding to crystalline 

AgNPs, which may result from stabilization of the AgNPs 

by reducing agents in the reaction. The present results clearly 

illustrated that AgNPs biosynthesized by this green method 

are nanocrystalline in nature.30

A TEM image of the AgNPs is shown in Figure 5A, 

showing that they are spherical in shape. The average 

diameter was 15.5±2.5  nm, with a highly uniform and 

narrow distribution of diameters (data not shown). Similar 

observations have previously been reported by Jaidev and 

Narasimha.31 A Malvern Zetasizer Nano ZS was used to 

analyze the diameters more precisely. Figure 5B shows an 

average diameter of 20.56 nm, with 5.8% of the particles 

being ,1.92 nm and 94.2% being ,36.10 nm in diameter, 

which was similar to the TEM data. The AgNPs were mono-

dispersed with a low polydispersity index of 0.27. The size 

measured by TEM micrographs was slightly smaller than 

that measured by Malvern Zetasizer Nano ZS. This may have 

been caused by the presence of attached surface proteins, 

carbohydrates, and other cellular materials, which would 

have been measured by the Zetasizer but would not have been 

retained in a vacuum under an electron beam. This may also 

explain the reason for the stable presence of biosynthesized 

nanoparticles.

In order to further illustrate the stability, the size analy-

sis of AgNPs (synthesized for 2 months) was carried out 

again. Figure 5C shows an average diameter of 20.77 nm, 

with 5.7% of the particles being ,1.97  nm and 94.2% 

being ,36.15  nm in diameter, which was basically the 

same with Figure 5B. It can be seen that, after 2 months of 

the placement, the changes of the distribution and size were 

small, indicating that the biosynthesized AgNPs showed 

appropriate stability.

The results from UV–visible absorption spectroscopy, 

XRD, and TEM all demonstrate that AgNPs were 

biosynthesized from extracellular filtrate. Therefore, we used 

a simple process to complete biosynthesis of AgNPs, which 

required very little complex equipment compared with chemi-

cal and physical methods. Arthroderma fulvum represents a 

promising candidate for large-scale production of AgNPs.

Optimization of reaction conditions of 
biosynthesis of AgNPs
Figure 6A shows that different substrate concentrations of 

AgNO
3
 in the reaction mixture had an obvious influence on 

the biosynthesis of AgNPs, and 1.5 mM was the optimum 

Figure 4 XRD patterns of lyophilized AgNPs biosynthesized by the reduction of 
AgNO3 solution with the cell filtrate of Arthroderma fulvum.
Abbreviations: XRD, X-ray diffraction; AgNPs, silver nanoparticles.

θ

Figure 5 TEM image and size distribution of the AgNPs.
Notes: (A) Representative images of AgNPs biosynthesized by the reduction of 
AgNO3 solution with the cell filtrate of Arthroderma fulvum (scale bar =100 nm) and 
(B, C) size distribution of the AgNPs from Malvern Zetasizer Nano ZS analysis after 
being biosynthesized 10 hours and 2 months, respectively.
Abbreviations: AgNPs, silver nanoparticles; TEM, transmission electron microscopy.
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Table 1 Antifungal activity of AgNPs, fluconazole, and itraconazole

Tested fungal  
strains

MIC (µg/mL)

AgNPs Fluconazole Itraconazole

Candida albicans 0.500 0.250 0.030
Candida parapsilosis 0.125 8.00 0.250
Candida krusei 0.125 16.0 0.250
Candida tropicalis 0.250 0.250 0.250
Aspergillus fumigatus 1.00 .64.0 0.030
Aspergillus flavus 2.00 .64.0 0.125
Aspergillus terrus 1.00 .64.0 0.250
Fusarium solani 2.00 .64.0 .16.0
Fusarium moniliforme 4.00 .64.0 .16.0
Fusarium oxysporum 2.00 .64.0 .16.0

Abbreviations: AgNPs, silver nanoparticles; MIC, minimal inhibitory concentration.

Figure 6 Optimization of reaction conditions of biosynthesis of AgNPs.
Notes: Effect of (A) substrate concentration, (B) pH, (C) temperature, and (D) 
time on AgNP biosynthesis by the reduction of AgNO3 solution with the cell filtrate 
of Arthroderma fulvum.
Abbreviations: AgNPs, silver nanoparticles; OD, optical density; h, hours.

°

strain in the published literature.32 Here, a pH range of 5–10 

was selected for the study. Absorbance increased with pH, 

suggesting that an alkaline environment was more suitable 

for AgNP biosynthesis (Figure 6B). The optimal temperature 

for AgNP biosynthesis was 55°C, with production reducing 

at higher temperatures such as 65°C, as demonstrated by 

absorbance measurements (Figure 6C). Absorbance values 

also increased with time, up to 10 hours, but did not increase 

thereafter (Figure 6D).

The results of our optimization experiments were similar 

to those of Qian et al,19 suggesting that yield and stability 

of AgNP biosynthesis can be affected by several different 

parameters.

Analysis of the antifungal activity of 
AgNPs
Because of the limitations of antifungal drugs, fungal infec-

tions are increasingly widespread. Here, we investigated 

the antifungal activity of AgNPs on ten fungal pathogens, 

including Candida spp., Aspergillus spp., and Fusarium spp. 

MIC values for the tested agents are presented in Table 1. 

AgNPs, with an MIC in the range of 0.125–4.00 µg/mL, 

showed significant antifungal activity against all tested fungi. 

Fluconazole, with an MIC in the range of 0.250–16.00 µg/mL, 

only exhibited an antifungal effect against Candida spp. Itra-

conazole, with an MIC in the range of 0.030–0.250 µg/mL, 

displayed strong antifungal activity against all tested species 

except Fusarium spp. The present results demonstrate that the 

AgNPs exhibited high antifungal activity, in accordance with 

several previous reports.33–35 The MIC values obtained here 

were similar to those reported by Qian et al.19 At concentra-

tions around 1 mg/mL, AgNPs displayed a broader antifungal 

spectrum than itraconazole and fluconazole, the common 

antifungal agents. These results strongly suggested that the 

biosynthesized AgNPs could be a potent antifungal agent.

concentration. When the substrate concentration reached 

5  mM, the biosynthesis of AgNPs was both reduced and 

unstable, with aggregates and precipitation present at the bot-

tom of the reaction container (data not shown). Optimal pH 

conditions for AgNP biosynthesis have varied by microbial 
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Yeast is the main cause of fungal disease, which means 

that there is considerable motivation for finding antifungal 

agents against yeasts. In this study, we studied the effect of 

AgNPs on the growth of yeast by adding AgNPs into YEPD. 

The growth curves of Candida (C. albicans, C. parapsilosis, 

C. krusei, and C. tropicalis) in the presence of AgNPs are 

shown in Figure 7, indicating that growth can be completely 

inhibited by AgNPs, that is, they are fungistatic, as also 

shown in Table 1. The inhibition of C. parapsilosis and C. 

krusei was stronger than that of C. tropicalis and C. albicans 

at similar concentrations.

Although infections caused by filamentous fungi Asper-

gillus and Fusarium are increasingly being reported, most 

studies have concentrated on yeasts belonging to Candida 

spp.19,20,22,23 In our research, we also studied the effects of 

AgNPs on members of Aspergillus and Fusarium. Thus, 

our results should provide a valuable reference for the future 

treatment of fungal diseases. Notwithstanding, further studies 

should be undertaken to understand the toxicity of AgNPs 

before developing them for clinical applications.

Conclusion
This study demonstrated that a soil-isolated strain of  

Arthroderma fulvum could perform biosynthesis of 

AgNPs. The biosynthesized AgNPs showed appropriate 

uniformity and stability and showed considerable antifun-

gal activity against Candida spp., Aspergillus spp., and 

Fusarium spp. Optimization of AgNP biosynthesis was 

performed and will permit the large-scale production of 

AgNPs. The ability to biosynthesize AgNPs using Arthro-

derma fulvum is highly promising as a green, sustainable, 

simple, and easily disseminated method of producing 

metal nanoparticles.
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