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Abstract: Natural source nanostructures have attracted a lot of attention due to their diverse biological activities and low toxicity to 

people, animals, and the environment. In this research, Penicillium chrysogenum AUMC 14831 isolated from Pancratium maritimum 

was used to reduce sodium selenite (Na2SeO3) to selenium nanoparticles (Se0), by reacting with fungal filtrate. Selenium nanoparticle 

characterization was performed using UV-visible  spectroscopy and the color of fungal filtrate turned into ruby red when treated with 

sodium selenite and gave a peak at 300 nm based on its optical property and surface plasmon resonance. Nanoparticles' crystallinity 

was determined by X-ray diffraction (XRD) and indicated that the peaks were sharp and located at 2θ values 23.5°, 29.7°, 41.32°, 

43.65°, 45.36°, 51.7°, and 65.22°. Transmission electron microscopy (TEM) demonstrated the form and SeNPsʼ size which appeared 

spherical with diameters between 9 and 18 nm. Fourier Transform Infrared Spectroscopy (FTIR) revealed the capping agent's 

functional groups in charge of the stability and activity of SeNPs. Biosynthesized selenium nanoparticles showed significant 

antibacterial and anticandidal action. Mycologically synthesized SeNPs are promising compounds as antimicrobial agents. 
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1. Introduction 

Nanoparticles are described as either naturally occurring 

materials or artificial materials that comprise particles either as 

aggregates or separated, between one and one hundred nm in 

diameter [1]. Numerous fields have employed nanotechnology 

in medicine [2], agriculture [3], electronics [4], photonics, 

information storage, catalysis, Environmental remediation, 

administration of drugs, chemical sensing and imaging [5]. 

Consequently, because of their characteristics such as 

proportions of surface area to volume, size, shape, and chemical 

compositions [6]. Metallic nanoparticles are distinguished by 

optical and magnetic properties, surface plasmon resonance, 

quantum confinement, and high surface energies. As a result, 

they have been employed in numerous applications [7]. 

There are three ways to create metallic nanoparticles: 

chemically, physically, and biologically [1]. Physical techniques 

have drawbacks like being expensive, requiring high energy, 

pressure and temperature, high cost, less productivity, less 

stability, and high waste.  These methods are not suitable for 

preparing familiar shapes and sizes of nanoparticles. Chemical 

methods are perilous because metal nanoparticle surfaces have 

potentially harmful chemicals adhered to them. In medical 

applications, it has side effects [8-10]. Biological methods are 

eco-friendly, commercially viable, clean, and safe for the 

environment. Biological methods include using of plants, 

bacteria, cyanobacteria, algae, and fungus for nanoparticle 

synthesis [11]. 

Fungi have frequently reduced the metal salts to produce metal 

nanoparticles because of traits like high biomass production, 

ease of handling and cultivation, and the ability to produce a lot 

of quantities of enzymes, metabolites, and extracellular proteins. 

These molecules are responsible for the synthesis nanoparticles 

and forming capping agents that give nanoparticles their 

stability and activity [12-14]. The extracellular synthesis of 

selenium nanoparticles can be carried out by various fungi such 

as Fusarium semitectum [15], Penicillium corylophilum [16], F. 

equiseti, Aspergillus quadrilineatus, A. terreus, and A. 

ochraceus [17]. 

Selenium nanoparticles have garnered significant interest in the 

domains of biomedicine and food science because they are more 

biocompatible and less toxic than elemental Se and selenite [18, 

19]. SeNPs have demonstrated a variety of biological and 

medicinal properties, including antimicrobial properties [20], 

anticancer [19, 21], antiprotozoal [22], and scavenging free 

radicals [23]. SeNPs garnered significant interest from scientists 

working in the photo-conducting along with the previously 

mentioned activities [24], and catalytic pollution degradation 

[25]. As a result, they come highly recommended and are 

acknowledged as excellent prospects for a range of industrial, 

medicinal, and agricultural uses. The current research aimed to 

mycosynthesise, characterize, and evaluate the antimicrobial 

activities of different concentrations of selenium nanoparticles 

on bacterial and fungal strains. 

2. Materials and methods 

2.1. Fungal isolate  

Endophytic Penicillium chrysogenum AUMC 14831 was 

isolated from Pancratium maritimum [26] and used for 

mycosynthesis of selenium nanoparticles. 
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2.2. Molecular identification of the fungal isolate 

The fungal isolate was grown on Czapek's agar (CZA) medium 

and incubated for five days at 28°C [27]. DNA was extracted at 

Assiut University's Molecular Biology Research Unit using the 

Patho-gene-spin DNA/RNA extraction kit (Intron 

Biotechnology Company, Korea). SolGent Company, Daejeon, 

South Korea, provided sequencing and polymerase chain 

reaction (PCR) techniques. The reaction mixture contained the 

universal primers ITS1 (forward) and ITS4 (reverse), which 

were used to amplify the ITS regions of the rRNA gene for the 

isolate. ITS1 (5'-TCCGTAGGTGAA CCTGCGG - 3') and ITS4 

(5'-TCCTCCGCTTATTGATATGC -3') were the two primer 

compositions. The purified PCR product was sequenced using 

the same primers after adding ddNTPs to the reaction mixture 

[28]. The obtained sequences were analyzed using the Basic 

Local Alignment Search Tool (BLAST) on the National Centre 

for Biotechnology Information (NCBI) website. Phylogenetic 

tree construction and sequence analysis were performed with 

MegAlign (DNA Star) software version 5.05.  

2.3. Preparation of mycelial-free culture filtrate  

After being grown aerobically in Czapeksʼ broth, the fungal 

biomass was incubated for five days at 28 °C with 150 rpm/min 

of continual shaking. The resulting fungal biomass was then 

repeatedly washed with double-distilled water after being 

purified using Whatman no. 1 filter paper. Next, 200 millilitres 

of sterile double-distilled water were used to soak 10 g of fungal 

mycelia in a 500 millilitre Erlenmeyer flask and gently shaked 

for 48 hours at 28 °C. Then, the filtrate was employed the 

producing nanoparticles. 

2.4. Selenium nanoparticle mycosynthesis 

The mycelial-free filtrate was treated with individual additions 

of sodium selenite stock solutions made in deionized water, 

culminating in a 1.5 mmol/L final concentration. After that, the 

flask was kept in the dark for seven days at 28 °C. Centrifugation 

was used to gather the resulting nanoparticles, and 

ultrasonication was used to distribute a specific weight in sterile 

double-distilled water to be utilized as stock solutions. 

2.5. Selenium nanoparticle characterization 

2.5.1. UV-visible (UV-Vis) spectroscopy analysis 

By visually seeing the color shift that denotes the reduction 

reaction, the synthesis of SeNPs was observed. SeNPs were 

identified using UV-Vis spectroscopy (Jasco V-530, Japan) to 

detect the presence of distinct surface plasmon resonance bands. 

2.5.2. Transmission Electron Microscopy (TEM) 

measurements. 

A transmission electron microscope (JEOL/JEM-2100, 

HRTEM, Tokyo, Japan) was used to examine the shapes of the 

synthesized SeNPs. After dispersing SeNPs on copper grids 

using drop casting, the TEM specimen under examination was 

created and let to air dry at room temperature. The SeNPs size 

was determined using ImageJ software. 

2.5.3. Fourier transform infrared spectroscopy (FTIR) 

The fungal filtrate and SeNPs have been dried, powdered, and 

prepared the FT-IR spectrum by forming a thin potassium 

bromide tablet containing dried NPs. The functional groups on 

the surface of SeNPs were examined using FTIR (6100, Perkin-

Elmer, Germany) throughout the 400–4000 cm–1 wavelength 

range, with a resolution of 4 cm–1. 

2.5.4. X-ray diffraction (XRD) analysis 

To confirm XRD analysis for elemental SeNPs, an X-ray 

diffractometer (Panalytical X'PERT PRO, UK) with Cu kα- 

radiation (λkα = 1. 1.540562 Å) run at 30 mA and 40 kV and 

scanning diffraction style in the 2∅ of 5–90º range was used with 

powdered SeNPs. 

2.6. Antimicrobial activity 

2.6.1. Tested microorganisms  

Gram-positive (Staphylococcus aureus ATCC 6538) and Gram-

negative (Escherichia coli ATCC 8739, Pseudomonas 

aeruginosa ATCC 9027, and Salmonella typhi AUH 71) 

bacteria were among the tested microorganisms used in this 

study, in addition to fungal isolates including Candida albicans 

ATCC 10231, C. albicans TU 59, C. albicans TU 67,  C. 

glabrata TU 52, and C. glabrata TU 54  were taken from the 

culture collection available at Botany and Microbiology 

Department, Faculty of Science, Assiut Branch, Al-Azhar 

University. These common isolates and strains were usually 

used in our laboratories as standard pathogenic microbes for 

various biological activities [29-31]. For twenty-four hours, 

Mueller Hinton broth was used to cultivate the bacterial strains 

and isolates at 37 ºC, on the other hand, the fungal isolates 

underwent two days of incubation at 25 ºC while being cultured 

in Sabouraud dextrose broth. 

2.6.2. Agar well diffusion method 

The good diffusion method was utilized to conduct the 

antimicrobial assay according to Jahangirian et al. [32]  

instructions. The diameter of the well was 8 mm, filled with 50 

μL of well-distributed, by sonication, SeNPs at different 

concentrations (5000, 4000, 3000, 2000, 1000, 900, 800, 700, 

600, 500, and 400µg/ mL). A negative control consisting of 

sterilized double-distilled water was employed, and 1 mg/mL of 

clotrimazole and 1 mg/mL of chloramphenicol were employed 

as the corresponding positive controls for fungi and bacteria, 

respectively. For testing antibacterial activity, Muller-Hinton 

plates previously inoculated with the bacterial strains' 24-hour-

old broth cultures were utilized. For antifungal activity, 

Sabouraud dextrose plates that were previously inoculated with 

a fungus spore suspension (105 spore/mL) were utilized. Positive 

bioactivity is described as the well's surrounding inhibition 

zone's diameter, expressed in millimeters.  

3.3. Results  

3.1. Sequence Data for Fungal Isolate 

ITS sequences of the rDNA from the fungal sample isolated for 

this study (Penicillium chrysogenum AUMC14831, GenBank 

accession no. OR835639) were used to create a phylogenetic 

tree, which was subsequently matched to closely related 

sequences obtained from GenBank. The isolated strain showed 

https://sjsci.journals.ekb.eg/
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99.82% identity and 100% coverage with several strains of the 

same species including the type of strain P. chrysogenum CBS 

306.48 with accession no NR_077 145.  A. ochraceus is 

included in the tree as an outgroup strain (Fig. 1). 

Fig. 1. Penicillium chrysogenum AUMC14831 phylogenetic tree based on the 

ITS sequences of the rDNA. 

 3.2. Characterization of biosynthesized selenium 

nanoparticles 

3.2.1. UV-visible spectroscopy 

After adding metal precursor (Na2SeO3) and incubating at 28 ºC 

for 7 days, the fungal biomass's color shift from colorless to ruby 

red was used to monitor the formation's success of Se-NPs (Fig. 

2A). According to UV-visible wave analysis of SeNPs 

conducted over the 200–900 nm range, 300 nm was the location 

of the surface plasmon resonance band (Fig. 2B). 

3.2.2. X-ray diffraction (XRD) 

The XRD spectrum of selenium nanoparticles indicated that the 

peaks are sharp and are located at 2θ values 23.5°, 29.7°, 41.32°, 

43.65°, 45.36°, 51.7°, and 65.22° were identified as 100, 101, 

110, 122, 111, 201, 203, and 210 reflections (Fig. 3). Sharp 

peaks showed good crystallite growth and the position of peaks 

indicate formation of pure Se nanoparticles. 

3.2.3. Transmission electron microscopy (TEM) 

The spherical shape and uniform distribution without significant 

agglomeration were confirmed by transmission electron 

micrographs (Fig. 4). The examination of the SeNPs TEM 

micrograph data indicated that the particles' diameters varied 

from 9 to 18 nm. 

 

Fig.2. (A) Tubes containing a) sodium selenite, b) fungal filtrate without sodium 

selenite, and, c) fungal filtrate with sodium selenite. (B) UV–vis absorption 

spectrum of biosynthesized SeNPs.  

     
Fig. 3. XRD micrograph of biosynthesized SeNPs. 

 

Fig.4. TEM images of SeNPs. 
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3.2.4. FTIR analysis of Ag NPs 

The SeNPs' FTIR spectra revealed several bands, some of which 

were strong, the band centered at 2968.97 and 2921.48 cm-1 for 

aliphatic C–H stretching and the strong band at 1627.26 and 

1533.33 cm-1 for carbonyl group C=O stretching were both 

visible in the spectrum. However, the C-O stretching group is 

attributed to the band with a center of 1231.99 cm-1. While the 

sample's S=O stretching functional group is responsible for the 

strong band that is centered at 1024.98 cm-1 (Fig. 5). 

  

Fig.5. FTIR analysis (A) Fungal filtrate and (B) Biosynthesized SeNPs. 

3.3. The biosynthesised silver nanoparticles' biological 

activity 

Antibacterial activity of different concentration of SeNPs (5000, 

4000, 3000, 2000, 1000, 900, 800, 700, 600, 500, 400) µg/mL 

inhibited the growth of the pathogenic bacteria S. typhi AUH 71, 

E. coli ATCC 8739, P. aeruginosa ATCC 9027, and S. aureus 

ATCC 6538, as shown in Table (1) and Fig. (6). The inhibition 

zone's diameter ranged from (12.66 to 28.5 mm), (12 to 26.8 

mm), (12.66 to 28.5 mm), and (12.83 to 28.5 mm), respectively. 

While antifungal activity of different concentrations of SeNPs 

(5000, 4000, 3000, 2000, 1000, 900, 800, 700,  600, 500, 400) 

µg/mL inhibited the growth of C. albicans ATCC 10231, C. 

albicans TU 59, C. albicans TU 67, C. glabrata TU 52, C. 

glabrata TU 54 with diameters of inhibition zones of (12 to 

22.16 mm), (11.5 to 21.66 mm), (11.66 to 22 mm), (12.83  to 

20.1 mm), and  (15.66  to 20.5  mm),  respectively (Table 2).  

4. Discussion 

In this study, selenium nanoparticles were biosynthesized by 

Penicillium chrysogenum AUMC 14831 where this type of 

synthesis has an eco-friendly issue and are free from any organic 

solvents or hazardous substances during the biosynthesis 

process. Metabolites and extracellular proteins of fungal extracts 

are responsible for the synthesis nanoparticles and forming 

capping agent that gives nanoparticles their activity and stability 

[12-14]. After adding metal precursor (Na2SeO3) and incubating 

at 28±2 ºC for 7 days, the fungal biomass's color shift from 

colorless to ruby red was used to monitor the formation of 

SeNPs [33]. Biosynthezed selenium nanoparticles gave sharp 

peaks at 300 nm. Yang et al. [34]  reported that mycosynthesized 

selenium nanoparticles displayed a peak at 245 nm, while Amin 

et al. [35]  found that the one absorption peak measured at 262 

nm for SeNPs made by P. chrysogenum. Salem et al. [36]  

detected SeNPs peak at 275 nm in wavelength. The spherical 

shape and uniform distribution with minimal agglomeration 

were confirmed by transmission electron micrographs. 

The examination of the SeNPs TEM micrograph data revealed 

that the particles' diameters varied from 9 to 18 nm. According 

to Sakr et al. [37], the size of the SeNPs biosynthesized by 

Alternaria alternata ranged from 30 to 150 nm. The biomass 

filtrate of the P. chrysogenum strain can produce spherical, 

homogeneous SeNPs measuring between 3 and 15 nm in size 

[35]. XRD analyses of the freshly formed SeNPs were carried 

out and the sharp peaks showed good crystalline and the position 

of peaks indicated formation of pure selenium nanoparticles. 

Based on X-ray diffraction peaks, they were crystalline  [24, 38, 

39]. 

 

Table (1): Activities of selenium nanoparticles against Gram-

positive and Gram-negative bacteria [after 24 hours]. Inhibition 

zone diameter in millimeters (mm).  

Inhibition zone diameter (mm) 

Conc. 

(µg/mL) 
S. typhi 

AUH 71 

P. 

aeruginosa 

ATCC 

9027 

E. coli 

ATCC 

8739 

S. aureus 

ATCC 

6538 

28.50±1.50 28.50±0.50 26.80±1.75 28.50±0.50 5000 

25.50±0.50 25.33±0.28 25.5±0.50 28.16±2.02 4000 

25.16±0.76 23.50±0.50 25.33±0.58 27.66±2.51 3000 

23.83±0.28 22.33±1.15 24.16±0.76 27.00±1.73 2000 

23.16±.058 19.00±1.00 24.00±0.86 25.33±0.58 1000 

19.00±1.00 14.33±2.08 23.33±0.58 23.33±0.58 900 

14.66±1.52 12.66±1.52 20.00±2.00 20.16±2.25 800 

12.83±1.62 R 16.83±1.60 15.33±0.75 700 

R R 15.83±1.04 12.66±1.52 600 

R R 14.00±1.00 R 500 

R R 12.00±1.32 R 400 

27.10±1.04 14.80±0.76 18.60±0.76 38.00±1.73 Control 

Data were presented as the mean of three replicates (mean±SD); 

R: Resistant. 
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Table (2): Antifungal activities of the selenium nanoparticles 

against different Candida spp. [After 48 h]. Inhibition zone 

diameter (mm). 

 

Data were presented as the mean of three replicates (mean±SD); 

R: Resistant. 

 

Fig. 6. Antimicrobial activity of biosynthesized SeNPs against (A) S. aureus, 

(B) E. coli, (C) S. typhi, and (D) C. albicans.  

Regarding FTIR analysis, the proteins in the fungal extract 

might interact with the metal nanoparticles through their free 

amino or carboxyl groups [40]. It is important to understand 

though, that it is not just the size and shape of proteins, but the 

conformation of protein molecules that plays an important role 

[40]. The capping agent that forms on the nanoparticles from the 

fungal filtrate, which contains extracellular enzyme and 

biomolecules of proteins and metabolites, gives the 

biosynthesized solution of nanoparticles their characteristic 

stability [41].  

The current research indicates the biosynthesized nanoparticles' 

antimicrobial activity. Since the total surface area of 

nanoparticles is related to their antibacterial sensitivity, quicker 

penetration of microbial cells will occur as particle size 

decreases [42]. In this study, the activity of biosynthesized 

SeNPs was evaluated against bacterial strains of S. aureus, S. 

typhi, P. aeruginosa, and E. coli and fungal isolates such as C. 

albicans, and C. glabrata.  Hussein et al. [17] reported that the 

minimum inhibitory concentration (MIC) of A. quadrilineatus 

and A. ochraceus-synthesized SeNPs against C. albicans, the 

most susceptible fungal pathogen to all SeNPs, was 62.5μg mL-

1. In the meantime, it has been discovered that several NPs 

interact with membranes or cell walls to let proteins, minerals, 

and genetic material escape the cell [20, 43, 44]. Moreover, NPs 

can stop the growth of microorganisms by producing reactive O2 

species [23, 44, 45]. 

5. Conclusion 

Within this research selenium nanoparticles are Biosynthesized 

by interacting between fungal filtrate of Penicillium 

chrysogenum and sodium selenite, resulting in stable and active 

selenium nanoparticles. These particles appeared spherical with 

a diameter varying between 9 and 18 nm. Herein, SeNPs 

exhibited significant antimicrobial action against various 

Candida spp. and bacteria strains which can be used as effective 

management to reduce pathogens development in medical 

applications. 
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