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Synthesis, Characterization, and Optimization of Green Silver
Nanoparticles Using Neopestalotiopsis clavispora and Evaluation of
Its Antibacterial, Antibiofilm, and Genotoxic Effects
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Abstract

Silver nanoparticles (AgNPs) have been used in a variety of biomedical applications in the last two decades, including antimic-
robial, anti-inflammatory, and anticancer treatments. The present study highlights the extracellular synthesis of silver nano-
particles AgNPs using Neopestalotiopsis clavispora MH244410.1 and its antibacterial, antibiofilm, and genotoxic properties.
Locally isolated N. clavispora MH244410.1 was identified by Internal transcribed spacer (ITS) sequences of nuclear ribosomal
DNA. Optimization of synthesized AgNPs was performed by using various parameters (pH (2, 4, 7, 9 and 12), temperature (25,
35 and 45 °C), and substrate concentration (0.05, 0.1, 0.15, 0.2 and 0.25 mM)). After 72 hours of incubation in dark conditions,
the best condition for the biosynthesis of AgNPs was determined as 0.25 mM metal concentration at pH 12 and 35 °C. Fun-
gal synthesized AgNPs were characterized via spectroscopic and microscopic techniques such as Fouirer Transform Infrared
Spectrophotometer (FTIR), UV-Visible Spectroscopy, and Transmission Electron Microscopy (TEM). The average size of the
AgNPs was determined less than 60 nm using the TEM and Zetasizer measurement system (measured in purity water suspen-
sion). The characteristic peak of AgNPs was observed at ~414 nm from UV-Vis results. Antibacterial and genotoxic activity
of synthesized AgNPs (0.1, 1, and 10 ppm) were also determined by using the agar well diffusion method and in vivo Somatic
Mutation and Recombination Test (SMART) in Drosophila melanogaster. AgNPs exhibited potential antimicrobial activity
against all the tested bacteria (Bacillus subtilis, Staphylococcus aureus, and Pseudomonas aeruginosa) except Escherichia coli
in a dose-dependent manner. AgNPs did not induce genotoxicity in the Drosophila SMART assay. 79.33, 65.47, and 41.95%
inhibition of biofilms formed by P. aeruginosa were observed at 10, 1, and 0.1 ppm of AgNPs, respectively. The overall results
indicate that N. clavispora MH244410.1 is a good candidate for novel applications in biomedical research.
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perature, agitation, light, amount of biomass and culture me-
dium, etc. (6-10).

The synthesis of fungal AgNPs which is mediated extracel-
lularly or intracellularly has been used in many industrial and
medicinal applications due to efficient antimicrobial, antifun-
gal, antioxidant immunomodulating, and anticancer activities
(11-15) and further on account of their high tolerance of met-
als and ability to produce large amounts of extracellular pro-
tein, which contributes to nanoparticle stability.

The genus Pestalotiopsis contains a wide range of secondary
metabolites with several properties; including antitumor, anti-
fungal, and antimicrobial (16-18). The discovery of metal-tol-
erant endophytic fungi for the synthesis of metal nanoparticles
could be of further major advantage (19-21). N. clavispora, a
species linked to the Pestalotiopsis genus, has been used as an
effective biosorbent for the removal of Cd(II) and Zn (II) from
an aqueous solution (22).

In this study, we report the synthesis of AgNPs using cell-
free filtrate (CFF) of N. clavispora for the first time, with the
stock locally isolated from decaying wood samples. Character-
ization of synthesized AgNPs was performed by using UV-Vis
spectroscopy, FTIR, SEM, and TEM equipment. Optimization
of extracellular fungal AgNPs biosynthesis was pursued via var-
ious parameters including pH, temperature, substrate concen-
tration, and reaction time. The antibacterial, antibiofilm, and
genotoxic properties of the synthesized AgNPs were evaluated.

Materials and Methods

Isolation and identification of N. clavispora

The fungal strain used for the biosynthesis of AgNPs was iso-
lated from decaying wood samples in Usak University Campus,
Turkey (38°40' 08" N and 29°19' 44" E). 1 g of grounded wood
sample was mixed with 10 mL of sterile distilled water and then
shaking in an incubator at 110 rpm for 15 min at 27+2 °C. 0.1
mL mixture was incubated onto Potato Dextrose Agar (PDA,
Merck 110130) for 7 days at 28+2 °C in the dark. After this, the
sample was sub-cultured to achieve a pure culture on PDA and
kept at 4 °C to use for future studies. Morphological properties
of fungus were determined on Czapek-Dox Agar (CDA, Merck
105460) and Malt Extract Agar (MEA, Merck 105398) accord-
ing to Biju et al. (23).

According to the manufacturer’s instructions, total DNA
isolation from a single colony of fungus was carried out using
the EurX GeneMATRIX Plant&Fungi DNA isolation kit (Po-
land). 30 pL of Activation Buffer P was added to the spin col-
umn without spin and kept at room temperature for 10 min.
Fungal tissue was homogenized with a cooled mortar and pes-
tle under liquid nitrogen. 20 mg dry fungal tissue was placed
in an empty Eppendorf tube; 400 pL of Lysis Buffer F, 3 pL of
RNase A, and 10 pL of Protein kinase K were added. The tube
was mixed and incubated at 65 °C for 30 min. After adding
130 uL Buffer AC, the tube was incubated for 5 min on ice.
The sample was centrifuged for 10 min at 14000xg. The mix-
ture (400 uL supernatant, 350 uL buffer Sol P and 250 pL 96%
ethanol) was centrifuged for 1 min at 12000xg. After 600 pL

of lysate was transferred to the DNA binding spin column,
the sample was centrifuged for 1 min at 11000xg. Pellet was
washed with 500 gL of Wash PX two times at 11000xg for 1
min. Spin columns were placed in a new tube and 50-150 puL
of elution buffer was added to elute the bound DNA. Isolated
DNA was stored at -20 °C. The universal primer ITS1 (5’- TCC
GTA GGT GAA CCT GCG G -3) and ITS4 (5- TCC TCC
GCT TAT TGA TAT GC -3’) were used to amplify to ITS se-
quences of nuclear ribosomal DNA) according to Gardes and
Bruns (24). The amplification conditions were set as follows:
initial denaturation at 95 °C for 5min, 35 cycles at 95°C for 455
(denaturing), annealing temperature at 57 °C for 45s, followed
by extension at 72°C for 60 s, and finally 72°C for 5min (final
elongation). PCR reaction was performed with Solis Biodyne
(Estonia) FIREPol® DNA Polymerase Taq polymerase enzyme.
After PCR, a single band was obtained in agarose gel using 100
bp DNA Ladder Ready to Load (Solis BioDyne) marker, and it
was observed that the PCR process was successful. ExoSAP-IT™
PCR Product Cleanup Reagent (ThermoFisher Scientific, USA)
was used to purify PCR products. For this purpose mix 5 pL of
a post-PCR reaction product with 2 pL of ExoSAPIT™ reagent
for a combined 7 pL reaction volume. The ABI 3730XL Sanger
sequencing device (Applied Biosystems, Foster City, CA) and
the BigDye Terminator v3.1 Cycle sequencing kit were used for
the Sanger sequencing. Consensus sequences were used to scan
for homologous sequences using the Basic Local Alignment
Search Tool (BLAST) program at the National Center for Bio-
technology Data (NCBI; http://www.ncbi.nlm.nih.gov).

Biosynthesis of AgNPs using CFF

Biosynthesis of silver nanoparticles was done according to
Maliszewska et al. (25) with slight modifications. Fungal iso-
late was grown in 100 mL flask containing medium (0.025 g/L
yeast extract, 0.012 g/L CaCl,2H,0, 0.05 g/L MgSO,7H,0, 1
g/LNH H,PO,, and 10 g/L glucose) at 27 °C on a rotary shaker
at 110 rpm 7 d and then filtered with Whatman filter paper No.
1 to obtain fungal biomass. The mixture (3.5 g fungal biomass
and 150 mL sterile distilled water) was agitated at 27+ 2°C in
an orbital shaker at 125 rpm for 24 h. After filtration, CFF was
mixed with 2.5 mM AgNO, in a ratio of 1:9, and then the mix-
ture was agitated at 27+ 2°C in an orbital shaker (125 rpm) for
72 h. When the color turns brown, the absorbance of fungal
synthesized AgNPs was scanned in the range of 200-800 nm
on a UV-vis spectrophotometer (Shimadzu, UV-1800) at 1 nm
resolution. The CFF and 2.5 mM AgNO, were used as controls.

Optimization for fungal synthesized AgNPs

Optimization of extracellular fungal AgNPs biosynthesis for
AgNPs formation using various parameters including pH (2,
4, 7,9 and 12; at 25+2 °C ; substrate concentration 0.25 mM
AgNO3), temperature (25, 35 and 45 °C; at pH 7; substrate con-
centration 0.25 mM AgNO,), reaction time ( from 8 to72 hour;
at pH 7; substrate concentration 0.25 mM AgNO,) and sub-
strate concentration (substrate concentration, 0.05, 0.1, 0.15,
0.25mM; at pH 7 and 0.25 mM AgNO,; ) were determined ac-
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cording to Sobhy et al. (26) with minor changes until UV mea-
surements were fixed. Each variable was optimized by varying
only a single parameter.

Characterization of Silver Nanoparticles

Perkin Elmer 1605 FTIR System carried out the characteriza-
tion of functional groups on the surface of the synthesized Ag-
NPs. Spectrum BX spectrophotometer was screened in spectra
of 4000-450 cm™ (27). The size and shape of the synthesized
AgNPs were determined by TEM (Hitachi TEM HT 7800) at
100kV voltage. Average nanoparticle sizes were determined by
the amount of approximately 100 nanoparticles in various re-
gions of the growing sample. Also, the zeta potential of silver
nanoparticles was determined on the MALVERN NANO-ZS
device.

The antimicrobial activity of the AgNPs

Antibacterial effects of green synthesized AgNPs, AgNO, and
CFF were evaluated on, and Bacillus subtilis, Staphylococcus
aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853,
and Escherichia coli ATCCC 25922 using the agar well diffu-
sion method (28). Under aseptic conditions, MHA agar plates
(Merck, 1.05437) were inoculated with bacterial (0.5 McFar-
land) strain. Wells (R=6mm) were filled with 50 pL fungal
synthesized of AgNPs (10, 1 and 0.1 ppm), CFF and 0.25 mM
AgNO,. After plates were incubated at 24 h for 37 °C, inhibi-
tion zones have been recorded in mm in diameters. Antibiotic
sensitivity of bacteria was also determined by the disc diffu-
sion method according to the guideline established by the CLSI
were used as control groups. Both experiments have been con-
ducted in triplicate.

Biofilm inhibition of AgNPs

Biofilm inhibition assay was performed according to Sand-
berg et al. (29) with minor modifications. Fresh, exponentially
grown P, aerouginosa ATCC 27853 culture (106 CFU/mL) was
used for biofilm inhibition assay. Subsequently, different con-
centrations of AgNPs (10, 1, and 0.1 ppm) were added (1/1 v/v)
to the P. aerouginosa cultures and incubated at 37 °C for 24 h.
Following incubation, samples were gently washed two times
with sterile distilled water to remove the medium. The biofilms
were stained with a 0.5% (w/v) crystal violet at 27+2 °C for
45 min. After washing 3 times with distilled water, 1.5 mL of
ethanol: acetic acid (95: 5) mixture was added for 10 min. The
antibiofilm activity of the AgNPs was determined at 570 nm by
using the following formula.

% Inhibition = (A control — A sample /A control) x 100

A control: Absorbance value not containing AgNPs

A sample: Absorbance value with different concentrations of
AgNPs

Drosophila melanogaster Somatic Mutation and Re-
combination Test (SMART)
Two Drosophila strains, flr3/TM3, BdS (female), and mwh/

mwh (male) were used for the Drosophila SMART assay (30).
The SMART test is focused on the lack of heterozygosity in
the wing cells. Transheterozygous larvae were extracted from
mating virgin flr3/TM3, BdS females, and mwh males (31). In
this study, eggs from virgin flr3 females and mwh males were
collected in a healthy nutrient medium for 8 h. After 72+4 h,
3 days old larvae were gathered under tap water using a sieve
and transferred to vials containing 4.5 g of Drosophila Instant
Medium and 9 mL of test chemicals (0.1, 1, and 10 ppm of
AgNO, and AgNPs). Distilled water and 1 mM EMS were used
as a negative and positive control, respectively. Adult individu-
als were obtained after the application. Then flies were kept at
+4 °C in 70% ethanol until wing preparations were prepared.
Wings were removed and mounted on microscope slides in
Faure’s solution. Prepared wing arrangements were tested with
an optical microscope magnification of 40X.

Statistical Analysis

The data obtained in the SMART experiment were evaluated
employing a computer program (MICROSTA) prepared for
Drosophila wing somatic mutation and recombination tests.
Original and alternative hypotheses were calculated by using
the binomial conditional test. Kastenbaum and Bowman’s (32)
charts were used when original and alternative hypotheses
were adopted or rejected.

Results

Isolation and identification of N. clavispora

Fungi were isolated from decaying wood samples in the Usak
University Campus, Turkey (Fig. 1A). Colonies were white and
cottony with edge undulates and circular growth appearance
on CDA (Fig. 1B1-B2) and MEA (Fig. 1C1-C2). During the
microscopic examination, sterile hyphae structures were ob-
served, but conidia were not; identification according to its mi-
croscopic morphology could therefore not be made. The fun-
gus was identified as N. clavispora MH244410.1 according to
ITS sequences of nuclear ribosomal DNA (Total Base Number:
498 Similarity Score: 920 Series Match Rate: 100% Similarity
Rate: 100%, Fig. 1D).

Biosynthesis of AgNPs using CFF

After the addition of 2.5 mM AgNO3 (1:9), the color of the CFF
was altered from a light yellow to dark brown due to the reduc-
tion of the silver ion. This is the first indication of fungal syn-
thesis AgNPs within 24 h. Figure 2 shows that the reaction had
run for 24 h, and the detection of a specific absorption peak at
414 nm, indicating the formation of AgNPs.

Optimization for fungal AgNPs synthesis

The bands typical for AgNPs were observed in the wavelength
range of 4010-419 nm under changing conditions. The peak
was obtained at 414 nm in every tested condition, and accord-
ingly, the bio-reduction of Ag ions in the CFF was monitored
periodically by measuring UV-Vis spectroscopy at 414 nm.
Different parameters including pH, temperature, substrate
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Figure 1. Isolation and identification of N. clavispora A: PDA was used for fungus isolation from decaying wood samples. B:
Morphology of the fungus at CDA (B1: Upperside, B2: Reverse side) C: Morphology of the fungus at MEA (C1: Upperside, C2:
reverse side), D; Amplification ITS profiles of N. clavispora at agarose gel electrophoresis.
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Figure 2. UV-Vis spectroscopy of AgNPs synthesized using CFE

concentration, and reaction time are shown in Fig 3. A pH
range of 2-12 was selected for this study. Absorbance is shown
to increase with pH, suggesting that an alkaline environment is
more suitable for AgNP biosynthesis (Figure3A). The optimal
temperature found for AgNP biosynthesis was 35°C and 45°C
(Figure 3C). Absorbance values also increased with time, up to
64 h, but did not increase thereafter (Figure 3D). The effect of
AgNO, concentrations on AgNPs formation is shown in Fig.
3C. Increasing levels of AgNPs formation were observed with

AgNO: Solution AgNPs

600 700 800

an increasing AgNO, concentration. The highest AgNPs were
obtained from 0.25 mM AgNO, concentration.

Characterization of Silver Nanoparticles

FTIR analysis of the synthesized AgNPs revealed visible bands
at 3425.58, ~2920, 2858.51, 2355.08, 1647.21, 1556.55, 1456.26,
1382.96, and 1068.56 cm™, as shown in Fig. 4. The band seen
at 3425.58 cm™ can be attributed to O-H (alcohol) stretching.
Two peaks are attributed to C-H (alkane) stretching which is
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Figure 4. FTIR spectrum of green synthesized AgNPs
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Figure 5. TEM images of AgNPs for scale bar of a) 50 nm b) 100 nm.

Table 1. Antimicrobial activity of CFF, AgNO,, and AgNPs.

Diameter zone (mm) + Standard Deviation

Agents

S. aureus
ATCC 25923

P. aeruginosa
ATCC 27853

E. coli

ATCCC 25922 B. subtilis

Penicillin (10 pg)

Not determined

33.67+0.58 30.67+2.08

Erythromycin (15 ug) 30.33+2.08

26.67£1.53

Cell-Free Filtrate

10 ppm 10+1.73 12.33+1.53 12.33+1.53 17+ 1
AgNPs 1 ppm 9+1 11+1.73 0 16.33+ 2.08
0.1 ppm 0 0 0 8.33+0.58

observed at ~2920 and 2858.51 cm™. A further band observed
at 2355.08 cm™ represents the H-C=O (aldehyde hydrogen)
stretching. When analyzing the FTIR spectra, it was seen that
the stretching vibrations of the amide I and amide II bands
of the proteins were at 1647.2 cm™. The last band, which was
seen at 1068.56 cm™, is accounted for by C-O (alcohol/ether)
stretching. FTIR data exhibit that the biological compounds or
molecules can be preferred for both stabilization and synthesis

of AgNPs.

The TEM image of synthesized AgNPs displayed small par-
ticles with clear morphology. Figure 5a (scale bar of 50 nm)
and Figure 5b (scale bar of 100 nm) present TEM images of
AgNPs for two different scale bars. TEM analysis demonstrated
the spherical shape of synthesized silver nanoparticles; these
ranged in size from 4.77 nm to 20.68 nm with an average length
of 11.88+5.06 nm.
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Table 2. Biofilm inhibition (%) of AgNPs against P. aeruginosa ATCC 27853

AgNPs
10 ppm 1 ppm 0.1 ppm
Inhibition % (n=3) 81.13 67.63 40.28
76.25 65.45 45.11
80.62 63.32 40.43
N
Average biofilm inhibition (%) 79.33+2.68 65.47+2.16 41.94+2.75
+ Standard Deviation
Table 3. Genotoxic evaluation of AgNO, and AgNPs using SMART assay
Number sl it o ge untform Twin clones Total mwh clones
clones (1-2 cel- clones (> 2 cells) Total clones (m=2)
Treatments of Wings N ~ (m=5) (m=2)
™ Is) (m=2) (m=5)
No. Fr. D. No. Fr. D. No. Fr. D. No. Fr. D. No. Fr. D.
Normal Wing
Distilled 80 12 (0.16) 2 (0.02) 0 (0.00) 13 (0.19) 14 (0.19) 076
Water
1 mM
EMS 31 69 (221) + 27 (0.83) + 9 (0.27) + 105 (3.31) + 104 (3.40) + 5.38
AgN03 (PPm)
0.1 80 15 (0.16) i (006) i 0 (0.00) i 20 (025 i 20 (0.25) i 1.02
1 80 0.07) - (0.02) i 0 (0.00) - 8 (0.10) - 11 (0.10) - 0.41
10 80 (0.01) - (0.02) i 0 (0.00) - (0.03) - 7 (0.03) - 0.15
AgNPs (ppm)
0.1 80 15 (0.16) i (0.06) i 0 (0.00) i 20 (0.25) i 20 (0.25) i 1.02
1 80 6 (0.05) - 002 i 0 (000 - 8 (08 - 8 (0.8 -039
10 80 4  (0.01) - 2 (0.02) i 0 (0.00) - 3 (0.03) - 6 (0.03) - 0.15

EMS.. Ethyl methanesulfonate; Fr.. frequency; D.. display of statistics results; +.. positive; -.. negative; i.. trivial difference;

m..multiplication factor; probability level = 0.05

The average diameter obtained for AgNPs in ultrahigh-pu-
rity water suspension is in the size distribution of between 32.5
and 75.6 nm with a mean diameter of 55.15+14.83 nm for sil-
ver nanoparticles. The obtained PdI value of AgNPs was 0.185.
Zeta potential and electrophoretic mobility of AgNPs were de-
fined as -19.38+0.73 mV and -1.51%0.06 jtm cm/sV, respective-
ly. This zeta potential and electrophoretic mobility results are
reported as an average value of three measurements.

The antibacterial activity of the AgNPs

The fungal AgNPs have been tested for antibacterial activi-
ty against E.coli (ATCC 25922), P. aerouginosa ATCC 27853
(Gram-negative), and B. subtilis, S. aureus ATCC 25923
(Gram-positive). Testing for antimicrobial activity showed that
the synthesized AgNPs had antimicrobial activity on all the
tested bacteria except E. coli in a dose-dependent manner (Ta-

ble 1). CFF did not show antimicrobial effects on gram-positive
and negative bacteria. 0.25 mM AgNO, showed antimicrobial
effects on all tested bacteria. 10 ppm AgNPs showed more an-
tibacterial effects (12.33+1.53) than Vancomycin (8.67+0.58)
and Erythromycin (9+1) on P. aeruginosa. 10 ppm (17+ 1) and
1 ppm (16.33+ 2.08) concentrations of AgNPs showed more
antimicrobial effects than Tetracycline (16+2) on B. subtilis.

Biofilm inhibition of AgNPs

That fungal synthesized AgNPs can effectively inhibit biofilms
formed by P. aeruginosa in a dose-dependent manner has been
demonstrated; 79.33, 65.47, and 41.95% decrease in biofilm
was observed at 10, 1, and 0.1 ppm, respectively (Table 2).

Drosophila melanogaster Somatic Mutation and Re-
combination Test (SMART)
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AgNO, and AgNPs (0.1, 1, and 10 ppm) whose genotoxic prop-
erties are evaluated with SMART, as shown in Table 3. 72+4 h
3rd stage trans-heterozygous larvae were exposed to 3 different
concentrations (0.1, 1, 10 ppm) of AGNO, and AgNPs, distilled
water (negative control) and ImM of Ethyl methanesulfonate
(positive control). In the evaluating genotoxic effects of AgNO,
and AgNPs, wing preparations were prepared from normal
poultry individuals for each concentration. In 72+4 h distilled
water application, a total of 14 clones were determined, includ-
ing 12 small uniform clones and 2 large uniform clones in 80
wings. Additionally, the total number of mwh clones found
was 13. In distilled water application, clone induction frequen-
cy was calculated to be 0.76. Comparing the results obtained
from the application of different concentrations of AgNO, and
AgNPs and those obtained from the control group applica-
tion of distilled water, it was observed that there was no sta-
tistically significant difference between any of the clone types.
The results for EMS applications used as positive control were
compared with those for distilled water applications, and in all
clone types, a positive reaction was observed. Neither increase
nor decrease was seen in the total clone induction frequency
at a specific rate depending on the dose increase. The obtained
application results for all concentrations showed that the differ-
ences were not statistically significant compared with those ob-
tained from the distilled water, which is the wing preparations,
the control group.

Discussion

Extracellular biosynthesis of AgNPs is a method that uses a
cell-free fungi filtrate as the reducing agent (33) and is both
environmentally friendly and energy-efficient. In this study, the
extracellular synthesis of AgNPs using N. clavispora was deter-
mined by the UV-vis spectrophotometer (Fig 2). The color of
the CFF transitioned from a light yellow to a dark brown due
to the reduction of the silver ion. This is the first indication of
the fungal synthesis of AgNPs (Fig. 2). AgNPs are able to be
synthesized after the reduction of silver nitrate solution using
cell filtrates of Phoma glomerata, Aspergillus terreus, Penicil-
lium notatum, Phanerochaete chrysosporium, Trichoderma
asperellum, and A. clavatus (34-37). The aforementioned color
change is presumably related to the excitement of the Surface
Plasmon Resonance (SPR) bands of the AgNPs (38-39). The
synthesized AgNPs showed an SPR peak observed in the range
of 400-450 nm (40). Similarly, the bands were observed in the
wavelength of 414 nm, which is typical for AgNPs (Fig 2), in
agreement with other AgNPs syntheses from biological sources
(41-46).

In the stabilization and accumulation of the particles, the
optimization phase plays a crucial role. By regulating parame-
ters such as pH, temperature, the concentration of the substrate,
and exposure period, the size of nanoparticles is controllable
(47). Different fungi and conditions can be utilized to gener-
ate various AgNPs (48). The stability of AgNPs, on the other
hand, remains a challenge to control; biosynthesis efficiency is
additionally reportedly very limited (49). The methods making

use of biomass extracted from the reaction medium produced
more AgNPs, but also a narrower AgNPs size range (1.5-20
nm) in comparison to those solutions that used biomass and
biomass filtrates (50). Researchers have attempted to optimize
the conditions to control the yield, scale, and properties of fun-
gal AgNPs (51). Fig. 3A shows that the synthesis of fungal Ag-
NPs increased with an increase in pH; high absorption values
were observed via spectrophotometer at pH 12. Nanoparticle
synthesis increase is possible at alkaline pH values, due to com-
petition for the creation of negatively charged bonds between
proton and metal ions (52). With the use of citrate-capped Ag-
NPs, there has been observed a linear correlation between pH
and the concentration of generated AgNPs (53). Our FTIR data
show that the biological compounds can be capped fungal Ag-
NPs. Maximum AgNPs production was observed between pH
9 and 11 for Fusarium oxysporum (54), at pH 12 for Sclerotinia
sclerotiorum MTCC 8785 (55), and Penicillium oxalicum (6).

High absorption values in the spectrophotometer for Ag-
NPs were observed at 35°C and 45 °C (Fig. 3B). Similar to our
results, the optimum temperature for fungus mediated AgNPs
was observed at 40 °C for Trichoderma harzianum (56) and
Rhizopopus stonolifer (57), at 50 °C for Fusarium oxysporium
(54), and at 30 °C for Guignardia mangifera (58). The tempera-
ture degrees used in the synthesis of fungal AgNPs can affect
the synthesis rate, the size, and the stability of the NPs (59).
AgNPs formation increased by increasing AgNO, concentra-
tion (Fig. 3C.). The highest AgNPs were obtained from a 0.25
mM concentration of AgNO,. 0.25 mM AgNO, was selected
for AgNPs production to obtain well-dispersed small nanopar-
ticles because high AgNO, concentrations can produce large
nanoparticles with irregular morphological features (60). In ad-
dition, the toxicity of the AgNPs may increase with increasing
AgNO, concentration (57). Absorbance values also increased
with time, up to 64 h, but did not increase thereafter (Figure
3D). Ottoni et al. (61) reported that the maximum AgNPs ab-
sorption values were determined at 72 h.

Extracellularly formed nanoparticles have been stabilized
with proteins and reducing agents secreted by the fungus. In to-
tal, four high molecular weight proteins produced from fungal
biomass have been reported in combination with nanoparti-
cles. Furthermore, removing metal ions and the surface attach-
ment of proteins to nanoparticles did not weaken the tertiary
structure of proteins (62). The compounds of aliphatic and
aromatic hydrocarbons comprise a broad variety of function-
al groups, (-CN, -SH, ~-COOH, -NH,); these are reported to
have a strong propensity for the functionalization of noble met-
al nanoparticles, rendering them valuable as surface-protective
functional groups (63-68). Carbonyl bound in peptide-protein
residues and amino acid has been confirmed to have a larger
capacity to bind metals, to the extent that proteins form a coat-
ing covering the metal nanoparticles to prevent and stabilize
the agglomeration of particles. From this, we can surmise that
proteins can be attached to nanoparticle surfaces via free amine
groups or cysteine residues which will act as encapsulating
agents and stabilize particles. FTIR data demonstrate that the
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biological compounds or molecules can be preferred for both
stabilization and synthesis of AgNPs (Figure 4).

TEM images of synthesized AgNPs displayed the tiny par-
ticles with clear morphology. TEM analysis demonstrated a
spherical shape of synthesized silver nanoparticles. The average
nanoparticle size was determined as 11.88+5.06 nm (Figure 5).
The obtained average diameter for AgNPs in ultrahigh-purity
water suspension presents a distribution of values ranging be-
tween 32.5 and 75.6 nm with a mean diameter of 55.15+14.83
nm for silver nanoparticles. Furthermore, the PdI value of
AgNPs in ultrahigh-purity water suspension was obtained as
0.185. Zeta potential ({) and electrophoretic mobility of Ag-
NPs in ultrahigh-purity water were found as -19.38+0.73 mV
and -1.51+0.06 pm cm/sV. Electrophoretic mobility for AgNPs
was calculated by Henry’s equation (69). Similar studies have
been carried out using the extracellular CFF of Punctularia
atropurpurascens, Penicillium expansum, and Phanerochaete
chrysosporium fungi to produce SNPs. The size distribution
and average sizes of PaNPs, PeNPs, and PchNPs were observed
between 12 nm-30 nm, and between 11 nm-38 nm via DLS
and TEM, respectively. When the average sizes of these three
nanoparticles were compared with the data obtained from our
current study, the comparison showed consistency of results;
the average diameter of AgNP synthesized using N. clavispora
was observed less than 50 nm. In addition, PDI values of this
fungus was consistent with the PDI value of N. clavispora silver
nanoparticles as < 0.4 (70). Zeta potential value displays the
negative charge of synthesized AgNPs (-20.1 mV) in our cur-
rent study; this value is close to the zeta potential value (-18.5
mV) of AgNPs that were biosynthesized using aqueous leaf ex-
tracts of Eichhornia crassipes as previously presented by Hei-
kal et al. (71). These high negative potential values can support
improving the high colloidal nature and dispersity of AgNPs
because of negative repulsion (72).

The antimicrobial action of Ag+ is thought to be exhibited
through the absorption of ions by the microorganism cell, along
with an accumulation within the cell leading to a shrinkage of
the cytoplasm membrane or the attraction of the cytoplasm to
itself by the cell wall. It is reported that in this way DNA mol-
ecules are damaged, and cells lose their ability to replicate due
to the infiltration of Ag+. Furthermore, Ag+ has been shown to
act upon the -SH bonds of proteins and cause them to be inac-
tivated (73). Cho et al. (74) reported that silver clumps act as a
catalyst for the oxidation of microorganisms in oxygen-added
solutions. Antimicrobial activity results showed that synthe-
sized AgNPs possessed antimicrobial activity on all the tested
bacteria except E. coli, in a dose-dependent manner (Table 1).
The antibacterial mechanism of AgNPs has only tentative ex-
planations. According to some studies, gram-negative bacteria
show more sensitivity to AgNPs compared to gram-positive
bacteria (9,75), while other research reports the reverse (76,77).
However, it is known that the antimicrobial activity depends on
the type of microbial species and the concentration of AgNPs
(78-81). It has been further observed elsewhere that AgNPs re-
sistance in the E. coli K-12 MG1655 strain can develop rapidly,

with relatively few mutational steps. This does not bode well
for the prospect of continuous use of AgNPs as antimicrobi-
al agents (82). After repeated exposure to silver nanoparticles,
Gram-negative bacteria as Escherichia coli 013, Pseudomonas
aeruginosa CCM 3955, and E. coli CCM 3954 were all able to
develop resistance to the antimicrobial effect. This resistance
is caused by the production of the adhesive flagellum protein
flagellin, which in turn causes the nanoparticles to clump to-
gether. The resistance develops without requiring any genetic
changes; what is required is only a phenotypic modification,
to reduce the colloidal stability of the nanoparticles and thus
eradicate their antibacterial activity (83).

We have demonstrated that fungal synthesized AgNPs can
be effective for the inhibition of biofilms formed by P. aerugi-
nosa in a dose-dependent manner. 79.33, 65.47, and 41.95%
decrease in biofilm was observed at 10, 1, and 0.1 ppm, respec-
tively (Table 2). According to the literature, AgNPs have a good
effect on the biofilm layer formed by bacteria due to their large
surface areas. AgNPs interact with sulfuric compounds in the
bacterial cell membrane, phosphorus-containing compounds
in protein, and DNA. AgNPs have a strong antibiofilm effect
against Pseudomonas putida, P. aeruginosa, S. aureus, Shigella
flexneri, Staphylococcus epidermidis, Streptococcus pneumo-
nia, and E.coli (84-87).

D. melanogaster has orthologs of approximately 65-80 % of
human genes (88). SMART results did not indicate any mu-
tagenic effect against D. melanogaster used for screening the
mutagenicity of the biogenic AgNPs; they were found to be
genotoxicity safe. Avalos et al. (89) investigated the AgNPS’
toxicity of different sizes by the Drosophila SMART and found
a statistically insignificant low toxicity. AgNPs showed toxic ef-
fects in mammalian and human cells such as liver macrophages
(90) and epithelial cells (91). In contrast, it was demonstrated
that AgNPs accumulated in liver, lung, kidney, stomach, testi-
cle, and brain cells but did not show a significant genotoxicity
function (91). AgNPs successfully killed microorganisms with-
out inducing any cytotoxicities and were found to be nontoxic
when delivered through nasal, ocular, and dermal pathways
(59,92). Kevin et al. (93) discovered a negative correlation be-
tween the toxicity of AgNPs and tissue Ag concentration and
further that there was no relationship with dissolved Ag con-
centration in test media. This comparison demonstrates the
difficulty of generalizing the toxic mechanisms of AgNPs toxic
across different species and life stages. Furthermore, decreased
toxicity has been reported in encapsulated fungal nanoparticles
(94,95). Endocytosis into an endosome and then into a lyso-
some are the first steps of AgNPs entering the cell (96). They are
faced with acidic conditions, with pH values ranging between 4
to 5.34 (97). With lower pH, the release of Ag from AgNPs in-
creases. This expertise could assist in reducing AgNPs toxicity;
biogenic synthesis, utilizing nontoxic reagents obtained from
biological materials, therefore is an exciting alternate techno-
logical route for metal nanoparticles (95). In this study, FTIR
analysis showed that biological molecules could be involved in
both the synthesis and the stabilization of AgNPs (Fig 4).
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Conclusion

AgNPs were synthesized for the first time using CFF of N.
clavispora MH244410.1 and characterized by several import-
ant types of equipment. The average diameter of the AgNPs was
potential and electrophoretic mobility of AgNPs was defined as
-19.38+0.73 mV and -1.51+0.06 pm cm/sV, respectively. Ex-
perimental results obtained for the characterization of AgNPs
are in good agreement with the literature’s values. The synthe-
sized AgNPs showed antibacterial activity against S. aureus,
P aeruginosa, and B.subtilis. SMART results did not indicate
any mutagenic effect against D. Melanogaster. 79.33, 65.47, and
41.95% inhibition of biofilms formed by P. aeruginosa were
observed at 10, 1, and 0.1 ppm of AgNPs, respectively. The na-
no-sized AgNPs have unique advantages and a wide range of
applications that have been proved by a large number of re-
ports (36,75,98,99). Our FTIR data results illuminate that the
biological compounds or molecules can be preferred for both
stabilization and synthesis of AgNPs. More studies are need-
ed on the synthesis mechanism of AgNPs and extracellular
AgNP synthesis. Secondary metabolites that can cause changes
in cytotoxicity and antimicrobial properties when AgNPs are
obtained using extracellular methods should be identified, es-
pecially in future studies.
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