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Abstract: The present study is dealing with an ecofriendly and green biological route for extracellular biosynthesis of
silver nanoparticles (AgNPs) using the endophytic fungus Cladosporium sphaerospermum F16 (KU199685). The
biosynthesised AgNPs were characterised using ultraviolet-visible spectroscopy (UV-vis), transmission electron
microscopy (TEM), dynamic light scattering (DLS), energy-dispersive X-ray analysis (EDX) and X-ray diffraction (XRD).
The results showed the formation of stable, well-dispersed and spherical crystalline AgNPs with an average size 15.1 ± 1.0
nm and zeta potential of about −41.2 ± 0.5 mV. Optimisation of AgNPs synthesis prepared under different reaction
conditions such as: pH, temperature, silver nitrate concentration and time of synthesis reaction to increase the AgNPs
production. Meanwhile, the optimum conditions for maximum AgNPs production were pH (7), silver nitrate (5 mM) and
incubation time (5-7 days). Interestingly, the fungal exo-metabolities were found to reduce silver ions into AgNPs within10
min after heating the reaction mixture (50-70 °C) as indicated by the developed reddish brown color compared to 30 min
under room temperature.
Keywords: Silver nanoparticles, biosynthesis, optimisation, Cladosporium sphaerospermum.

1 Introduction
Nanotechnology is a fast‐developing cutting‐edge
technology with wide‐ranging applications in different
areas of science and technology [1–4]. Metallic
nanoparticles (MNPs) are considered the building blocks of
the nanotechnology science and its broad applications [5-7].
Over the past decades, silver nanoparticles (AgNPs) over
an attractive considerable interest among the emerging
nanomaterials [8-11]. This may be backed to the fact of
their excellent and unique electromagnetic, optical,
catalytic properties, and their antimicrobial effects against
numerous microbes including fungi, bacteria and viruses
along with anti-proliferative effects compared with other
metal nanoparticles [12-14]. On the other hand, their multiapplications as antiseptic, antimicrobial, anti-inflammatory,
and their cytotoxic activity beside their used in dentistry,
clothing, catalysis, mirrors, optics, photography, electronics
and in the food packaging industry has tremendously
increased its market value [15].
The synthetic route for the preparation of nanostructure
materials and choosing the best optimised conditions to
* Corresponding

obtain well formed and maximum nanoparticles production
are critically important in the current research, due to their
physical properties which can be tailored for a specific
application by controlling their size and morphology [1617]. At present, there are many chemical and physical
methods are involved in AgNPs synthesis, however those
methods involve many hazardous chemicals as reducing
agents such as hydrazine [18], sodium borohydride [19],
and organic passivators such as thiophenol [20], thiourea
[21], mercaptoacetate [22], etc., Which are toxic enough to
pollute the environment if large scale nanoparticles are
produced. Hence, there is a pressing need to develop clean,
high yield, non-toxic, and environmentally benign synthesis
processes for synthesis and assembly of nanoparticles [23].
Green chemistry approaches for the synthesis of AgNPs via
biological methods using bacteria, fungi, plant extracts or
purified bioactive compounds have helped to offer reliable
and environmentally friendly alternatives to conventional
chemical and physicals synthesis approaches [24-25].
Using microbes, especially their cell-free extracts, for the
synthesis of AgNPs can be advantageous compared with
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other biological processes because microbial resources are
abundant in nature, are easy to culture, and have the
potential to be scaled up for large-scale synthesis [25-26].
Production of AgNPs through fungi has several advantages
over other approaches. They include tolerance toward high
metal nanoparticles concentration in the medium, easy
management in large scale production of nanoparticles,
good dispersion of nanoparticle and higher amounts of
protein expression. As a result for large scale production of
nanoparticles, fungi is preferred over other method.
Endophytic fungi are taxonomically and biologically
diverse and dwell within robust plant tissue by having a
symbiotic association. They have proven to be promising
sources of new and biologically active natural products for
exploitation in modern medicine, agriculture and industry
[27].
Many
important
antifungal
and
antibacterial
chemotherapeutics are either microbial metabolites or their
semi-synthetic derivatives. Cladosporium constitutes one of
the largest genera of hypomycetes, comprising more than
772 names [28] and commonly found as endophyte.
Cladosporium sphaerospermum was isolated as endophytic
fungus associated with various plant species [29-30]. In
this study, a new approach to the highly efficient and rapid
biosynthesis of metallic nanoparticles using the cell-free
extract of the endophytic fungus Cladosporium
sphaerospermum was investigated. Moreover, we studied
the effects of some important reaction parameters including
pH, temperature, silver nitrate concentration and time of
incubation on AgNPs production to realize the best
optimised conditions for maximum AgNPs production.

2 Material and Methods
2.1 Isolation of fungal endophytes
Four to six-months cultivated healthy tomato plants were
collected from different localities in Qena Governorate,
Egypt, June 2014. Monthly average temperatures are
between 31 to 35 °C. Tomato plants were cultivated in
these localities with commercial production systems with
the use of pesticides and mineral fertilizers. Segments
samples were taken from the middle portion of fresh
healthy leaves and so all segments were surface sterilized
with distilled H2O, disinfected with 70% ethyl alcohol for
one minute. The segments were directly transferred to 2.5%
of sodium hypochlorite solution for 3.5 min, followed by
70% ethyl alcohol for 30 second. After washing with
distilled H2O, 5 segments of approximately 5x 5 mm placed
on Petri dishes containing potato dextrose agar (PDA)
medium supplemented with 250 mg L-1 streptomycin [31].
All inoculated plates were then incubated at 26 ± 2 °C for a
period of 4 –7 days. The emergent mycelia were
subcultured to new PDA plates for purification and finally
incubated at 26 ± 2 °C for 7 days for identification.
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2.2 Molecular identification of Cladosporium
isolate
Among the isolated endophytic fungi, one isolate of
Cladosporium sphaerospermum (isolated with relatively
high frequency) was further chosen for molecular
identification. For determination the ITS region of the
rDNA fungal isolate, the frozen fungal mycelia (100 mg)
were ground with liquid nitrogen in a mortar and pestle and
mixed with 1 ml of 4 M guanidinium thiocyanate, 0.1 M
sodium acetate pH 5.5, 10 mM ethylenediaminetetraacetic
acid (EDTA), 0.1 M 2-mercaptoethanol. Extracts were
clarified by centrifugation and supernatants were loaded
into silica gel spin columns (Wizard Plus SV Minipreps
DNA Purification, Promega, USA). Columns were washed
with 70% ethanol, 10 mM sodium acetate pH 5.5, and DNA
eluted with 50 µl of 20 mM Tris-HCl, pH 8.5.

2.2.1 Ribosomal
sequencing

DNA

amplification

and

The ribosomal internal transcribed spacer (ITS) region of
the rDNA fungal isolate was amplified by PCR using
primer pairs ITS1 (5'-CTTGGTCATTTAGAGGAAGTAA3') and ITS4 (5'-TCCTCCGCTTATTGATATGC-3') [32].
PCR amplification was carried out for ITS1 and ITS4 in an
i-cycler (Bio-Rad, Hercules, CA, USA) for 30 cycles of 94
°C for 1 min (denaturing), 55 °C for 1 min (annealing) and
72 °C for 150 s (extension). Initial denaturating at 94 C was
extended to 5min and the final extension was for 10 min at
72 °C. PCR products were separated by electrophoresis in a
1% agarose gel run for 75 min in TAE buffer (40 mM Tris,
20 mM sodium acetate, 1 mM EDTA, pH 7.2) and viewed
using a UV transilluminator after ethidium bromide
staining. According to electrophoretic migration, the PCR
products that corresponded to the ribosomal ITS were
eluted from the gel using silica spin columns (DNA Clean
& Concentrator, Zymo Research). The purified double
strands PCR fragments were directly sequenced with
BigDye terminator cycle sequencing kits (applied
Bipsystems, foster city, CA, USA) by following the
manufacturer’s instructions. The consensus sequences were
employed to search for homologous sequences with the
BLAST search program at the National Center for
Biotechnology
Information
(NCBI;
http://www.ncbi.nlm.nih.gov).

2.3 Biogenesis of AgNPs
For biogensis of AgNPs, the fungal biomass of
Cladosporium sphaerospermum isolate was grown
aerobically in sterilised conical flasks containing potato
dextrose (PD) medium. The inoculated flasks were agitated
at 120 rpm on orbital shaker and incubated for 3 days at 26
± 2 °C. After the incubation period, the grown fungal
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biomass was extensively washed using deionised water to
remove all medium component from the biomass.
In general, 10 g (wet weight) of the cleaned fungal biomass
was brought in contact with 100 mL sterile deionised water
in an Erlenmeyer flask and agitated at 120 rpm and
incubated for 2 days at 26 ± 2 °C. After 2 days, the cell
filtrate was filtered through Whatman filter paper No. 1
and the filtrates were treated with 100 ml of 1 mM silver
nitrate (AgNO3, Sigma Aldrich) solution in an Erlenmeyer
flask and incubated at room temperature in dark to avoid
photoreduction. The cell-free filtrate without silver nitrate
solution and silver nitrate solution were used as controls
under similar experimental conditions and the color change
was observed up to 48 h [33].

2.4 Characterisation of AgNPs
2.4.1 UV-Vis spectroscopic analysis
The formation and stability of AgNPs were preliminarily
confirmed by visual observation of color change from pale
white to pale brown and further confirmed followed by
UV–vis spectrophotometry. A small aliquot (2 mL) of the
suspended particles was taken in a quartz cuvette and
observed for wavelength scanning ranging between 300800 nm at different time intervals with distilled water as a
blank solution. PerkinElmer Lambda 950 UV/Vis
spectrometer was used for UV visible spectroscopy.
Stability of bio reduced silver nanoparticles was analysed
using UV–Vis absorption spectra. For this, 4-fold diluted
solution was prepared. The colored mixture was then
centrifuged at 15,000 rpm for 15 min and washed three
times with de-ionized distilled water, and finally dried at
60°C.

2.4.2 High resolution transmission electron
microscopy (HR-TEM)
The transmission electron microscopy was applied to
measure the size and study the morphological characters of
the biosynthesised AgNPs. For HR-TEM measurements, 3
μl of the sample solution was pipetted onto a carbon-coated
copper grid (carbon type-B, 300 mesh, Ted Pella, Inc.,
Redding, CA, USA). The sample-loaded grid was air dried
under vacuum desiccation for 3 h. The TEM micrograph
images were obtained using JEOL instrument 1200 EX
instrument on carbon coated copper grids operated at an
accelerating suitable voltage (kV).

2.4.3 Dynamic light scattering (DLS)
The dynamic light scattering (DLS) analysis was used to
measure the AgNPs size and their distribution in the
solution. To estimate the particle size, a dilute suspension
of AgNPs was prepared in deionized water and sonicated
for removing aggregation at 35 °C for 20 min and then
subjected to DLS analysis. The average particle size and

13

zeta potential of nanoparticles were estimated using a
Zetasizer, Nano-ZS90 system (Malvern Inc., Malvern, UK).

2.4.4 Energy Dispersive X-ray photometric
analysis (EDX)
EDX analysis was also performed by energy-dispersive
spectroscopy (EDS) using INCA Energy TEM 200 with
analysis software (JEOL) for identifying the elemental
composition of the biosynthesised AgNPs.

2.4.5 X-ray diffraction analysis (XRD)
Crystalline metallic pattern of silver nanoparticles powder
was analysed using X-ray diffraction. In order to obtain a
pellet of pure AgNPs for XRD analysis, reaction medium
was centrifuged by 4-5 cycles at 18,000 rpm for 15 min
followed by re-dispersion in deionized water. The X-ray
diffraction (XRD) patterns were then conducted to X‐ray
diffraction analysis carried out using Phillips PW 1830
instrument Powder (Phillips, USA). The operating voltage
of 40 kV and current of 30 mA with Cu kα radiation of
0.1541 nm wavelength, in the 2θ range 10-80º angle [34].

2.5 Optimisation
production

of

silver

nanoparticles

For large scale production and stable mycofabrication of
AgNPs, different parameters including pH, temperature,
concentration of silver nitrate (AgNO3) and time of reaction
was studied. The optimum conditions of reaction
parameters were selected by measuring the absorbance of
the resulting solutions spectrophotometrically. For each
condition, respective controls were maintained.

2.5.1 Effect of different pH values
The influence of pH on synthesis and stability of AgNPs
was studied under different pH values of the cell free
fungal filtrate (pH 3, 5, 7 and 9) and the filtrate was
maintained by 1 N HCl and 1 M NaOH.

2.5.2 Effect of temperatures
Effect of different temperatures on the rate of synthesis and
production of AgNPs was studied in which the fungal
filtrate after treating with 1 mM silver nitrate kept at
different temperature ranging from 0°C, 15°C, 30°C, 50°C
and 70°C.

2.5.3 Effect of Silver nitrate concentrations and
time of incubation
The effect of different concentrations of silver nitrate (1, 3,
5 and 10 mM) on the synthesis of nanoparticles was
evaluoated. Also, the stability of AgNPs through a time
© 2016 NSP
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course was studied by measuring UV–vis spectra after
regular interval of 0 min, 1h, 5h, 24h,1 week and 1 month.

3 Results and Discussion
3.1 Identification of the endophytic fungi
Seventy-three fungal strains were initially recovered from
50 tomato leaf fragments collected from sites under study.
Among those, 8 fungal species representing 5 genera were
morphologically identified, while two did not form
reproductive structures (sporophores and spores), which
were termed morphotaxa 1 and 2 (Table 1). There were
differences in endophyte species frequency and the most
predominant genus was Cladosporium which showed 56%
colonisation frequency. Trichoderma occupied the second
grade and was recovered in moderate occurrence and
frequency (12 and 24%, respectively). Among the species,
Cladosporium sphaerospermum Penzig was the most
prevalent and isolated in high frequency (36%) while
Aspergillus nidulans (Eidam) Winter was the lowest in the
frequency (4%).

The most abundant fungal strain was used for further
molecular identification using phylogenetic analysis of 18S
rRNA gene sequences. As a result, a partial 18S rRNA gene
sequences of approximately 1029 base pairs of fungal strain
F16 has a sequence with 99% identity match with
Cladosporium sphaerospermum (KC311475) in NCBI
GenBank, so the isolated fungal strain identified as
Cladosporium sphaerospermum (KU199685).

A

Table 1: The number of records and the colonization
frequency (%) of endophytic fungi isolated from healthy
tomato leaves.
Endophytic fungi

No. of
records

Frequency
(%)

Aspergillus niger Tiegh.

5

10

Aspergillus terrus Thom

5

10

Cladosporium cladosporioides
(Fresen.) G.A. de Vries

10

20

Cladosporium sphaerospermum
Penzig

18

36

Emericella sp. Berk.
Fusarium oxysporum Schlecht
emend. Snyder & Hansen

4

8

8

16

Penicillium chrysogenum Westling

9

18

Trichoderma harzianum Rifai

12

24

Morphotaxon 1

1

2

Morphotaxon 2

1

2

Colonies of the most abundant species Cladosporium
sphaerospermum on PDA plates were 9.5-11 mm and 10.013.0 mm in diameter, respectively, after 7 days at 26 ± 2 °C.
Colonies were olivaceous to grey-olivaceous on PDA,
revere side of the colonies were greenish-black, with a
margin that was either regular or radially furrowed, having
a wrinkled colony centre and formed a crater-like structure
(Fig. 1 A). Conidiophores are variable in length, up to 300
µm long and 3-5 µm wide, smooth-walled or verrucose and
not nodose. Conidia were spherical, ellipsoidal to
cylindrical with sounded ends, single celled, verrucose with
dimensions of 2.0-8.0 X 2.0-4.0 µm (Fig.1 B) [35-36].
© 2016 NSP
Natural Sciences Publishing Cor.

B

Fig.1: Cladosporium sphaerospermum. (A) 5 days old
culture at 26 ± 2 °C on PDA medium; (B) Microscopic
features showing the fungal conidia.

3.2 Biosynthesis of silver nanoparticles
The possibility of biosynthesis AgNPs using the cell-free
supernatant of Cladosporium sphaerospermum F16
(KU199685) was studied. During the incubation period, the
results showed changing the colour mixture of silver nitrate
with the fungal extract to pale brown, which is a clear
indication of the formation of silver nanoparticles [37].
Silver nanoparticles are known to exhibit unique optical
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properties due to the surface plasmon resonance (SPR). The
UV–Vis spectroscopic analysis of the biosynthesised
AgNPs solution showed a strong absorbance peak centred
at 435 nm which is characteristic for SPR of silver and
hence indicates the formation of AgNPs (Fig.2 A). This
color occurs due to excitation of surface plasmon vibrations
in AgNPs [38]. Moreover, the increase in the absorbance of
AgNPs was easily observed with a prolonged reaction time,
which indicated a greater reduction of Ag+ ions and the
formation of more AgNPs. Control silver nitrate solution
neither developed the brown color nor did they display the
characteristic band (Fig.2 B).

3.3 Characterisation of AgNPs
The size and morphology of the biosynthesised AgNPs
were examined by HR-TEM (Fig. 3). TEM and DLS
measurements showed the formation of well dispersed and
spherical AgNPs with an average size distribution of 15.1 ±
1.0 nm (Fig. 3, 4). A negative zeta potential of about −41.2
± 0.5 mV was also observed during the presrnt work (Fig.
5). The high absolute value of zeta potential clearly
revealed the presence of high electrical charge on the
AgNPs surface, as a result strong repulsive force may be

Fig.3. : High-resolution -TEM image of the biosynthesised
AgNPs.
formed among the particles spaces which prevent
agglomeration and indicate a very stable AgNPs in the
colloidal state. EDX analysis gives qualitative as well as
quantitative status of elements that may be involved in
formation of nanoparticles. The elemental profile of
synthesised nanoparticles using C. sphaerospermum fungal
extract showed typical optical absorption peak at
approximately 3 keV, which was attributed to the SPR of
the metallic Ag nanocrystals and confirms the formation of
silver nanoparticles [39] (Fig. 6).

Fig.2: Biosynthesis of AgNPs using the cell free
supernatant of Cladosporium sphaerospermum: (A) Surface
plasmon spectra of the biosynthesized AgNPs; (B)
Changing in color of silver nitrate solution after reduction
of Ag+ ions and formation of AgNPs, (1= silver nitrate, 2=
fungal extract, 3-6= Continued increase in the intensity of
yellow brown colour with increase in time (contact time: 0,
1h, 5h and 24h).
Fig. 4: Dynamic light scattering measurements for particle
size distribution of the biosynthesized AgNPs.
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Fig. 7: X-ray diffraction patterns of the biosynthesised
AgNPs.
Fig. 5: Zeta potential measurements of the biosynthesized
AgNPs

3.4.1 Effect of pH
The color of reaction mixture and the intensity of the
absorbance peaks were pH dependent. The UV–Vis spectra
recorded from the reaction medium at different pH values
showed that the maximum AgNPs production (0.73 a.u.)
was at pH = 7 and with increase in pH till 9, a little bite
increase was also recorded in the UV color intensity value
(0.80 a.u.) (Fig. 8 A, B). On the other hand, in acidic
conditions we cannot observe any characteristic absorbance
band for AgNPs formation. These results revealed that, pH
value started from 7 to 9 supported the maximum synthesis
of AgNPs nanoparticles (Fig. 8 B) and this in agreement
with those findings of Baghizadeh et al. [40].

Fig. 6: EDX spectrum of the biosynthesised AgNPs.
The formation of silver nanoparticles was further supported
by XRD measurement (Fig. 7). The Bragg reflections
corresponding to the (111), (200), (220), (311), and (222)
sets of lattice planes were observed that might be indexed
on the basis of face-centered cubic (fcc) structure of
metallic silver (JCPDS file no. 00- 004-0783). The broad
nature of the XRD peaks could be attributed to the
nanocrystalline nature of the AgNPs.

3.4 Optimisation of AgNPs production
To increase the AgNPs synthesis rate, medium optimisation
processes were carried out under different physicochemical
conditions.

© 2016 NSP
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Moreover, Roopan et al. [41] reported also that at pH 2.0
no reaction occurred while at pH (7-11) highly
monodispersed nanoparticles were obtained. Different
reports suggested that a variety of biomolecules are
involved in biological nanoparticle synthesis, such
biomolecules are likely to be inactivated like
polysaccharides and proteins under the extremely acidic
conditions (pH 3.0) and start to work effectively in neutral
and slightly alkaline conditions [42-44]. On another hand,
the noticeable difference in the mixture colors obtained
over the range of pH could be ascribed to a variation in the
dissociation constants (pKa) of functional groups on the
biomass that are involved [45-47].
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results revealed also that by increasing in the reaction
temperature, a sharp narrow UV spectra peak at lower
wavelength region (412 nm at 70 °C) are developed, which
indicate the formation of smaller nanoparticles, whereas, at
lower reaction temperature, the peaks observed at higher
wavelength regions (440 nm at 30 °C) which clearly
indicates increase in silver nanoparticles size. Those
findings are in agreement with the fact that when the
temperature is increased, the reactants are consumed
rapidly leading to the formation of smaller nanoparticles
[48].

3.4.3 Effect of Silver nitrate concentration

Fig. 8: (A) UV–vis spectrum of AgNPs at different pH
values; (B) Effect of pH values on absorbance intensity of
the biosynthesized AgNPs.

3.4.2 Effect of temperature
The temperature also plays an important role in acceleration
the process of AgNPs production. During the present study,
it was observed that the reaction mixtures incubated at 0, 15
°C beard light reddish brown color with less pronounced
SPR peaks. In contrast, at higher incubation temperature
(50 and 70 °C) dark reddish brown color and more intense
absorbance peaks were revealed (Fig. 9).

Changing in substrate concentration clearly indicated that
AgNPs formation increases with increase in AgNO3 conc.
up to 5 mM (Fig. 10 A, B). With further increase, no more
noticeable increase in nanoparticle formation within 24 h.
Interestingly, the reduction rate of the AgNPs ions with 5
mM concentration was nearly completed after 1 h
compared with 7 days before concentration optimisation.
This finding is quite interesting as it contradicts the report
of Kathiresan et al. [49] who used Penicillium fellutanum
fungal strain. They found decrease in optical density after 1
mM substrate concentration and accordingly they proposed
1mM substrate concentration as the optimal AgNPs
production condition.

Fig. 10: (A) UV–vis spectrum of AgNPs at different
concentrations of silver nitrate solution; (B) Effect of silver
nitrate concentrations on absorbance intensity of the
biosynthesised AgNPs.

3.4.4 Effect of incubation time
Fig. 9: (A) UV–vis spectrum of AgNPs at different reaction
temperature; (B) Effect of reaction temperature on
absorbance intensity of the biosynthesised AgNPs.
Interestingly, at room temperature (30 °C) the formation of
AgNPs accompanied with the color change after 30 min.
However, at 50 – 70 °C the Ag reduction process and
formation of AgNPs was noticed faster and the reddish
brown color was developed after only 10 min. The
maximum SPR peak intensity was detected at 70 °C. The

The rate of AgNPs absorbance intensity was directly
proportional to the incubation time of its mixture. The
obtained results clearly revealed that the rate of Ag+ ions
reduction and formation of AgNPs was going slowly during
the first hour of incubation, as indicated by the low color
intensity (0.25 a.u.) at 435 nm wavelength value (Fig. 11).
up to 168 h as shown in Fig. 11 (A, B). The maximum
reduction of Ag+ ions was obtained after one week. The
© 2016 NSP
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increase in absorbance along with color intensity could be
backed to an increase in the number of AgNPs formed with
time [50-51]. It has been reported that the time required for
complete reduction of the metal ions during biosynthesis
process of metal nanoparticles using microbes range from
24 to 124 h [52]. The UV-vis absorption spectra clearly
indicated high stability of the formed AgNPs after being
stored for one month at room temperature (see Fig. 11).
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