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Abstract

Recently, biosynthesis of silver nanoparticles (NPs), due to low toxicity and high compatibility with the
environment, has added to the antimicrobial properties of this substance. In this study, silver NPs were
synthesized from Candida albicans and their antifungal effects against Candida glabrata were
evaluated. First, silver NPs using clinical strains of Candida albicans were synthesized in the presence of
silver nitrate 1.5 mM at room temperature. Then, physicochemical properties of the synthesized
nanoparticles were explored using Scanning Electron Microscope (SEM), Ultraviolet-Visible
Spectrophotometry (UV-Vis) and X-Ray Diffraction (XRD). Finally, time-kill curve study of Candida
glabrata and H+-ATPase activity of this yeast were evaluated in the presence of biosynthesized silver
NPs. The data obtained from SEM shows that Candida albicans can synthesize silver NPs with the size
of 20 to 80 nm with spherical to oval morphology and XRD showed that these NPs are crystalline in
nature. Also, the data obtained from the Time-kill curve study of Candida glabrata and the study of H+-
ATPase activity of this yeast indicated that the cells of this yeast were reduced at (P ≤ 0.001) level and
indicated favourable antifungal activity on this yeast. In fact, it can be concluded that Candida albicans
is potentially able to synthesize silver NPs and these NPs have favourable antifungal properties. In
addition, it was revealed that standard strain of Candida glabrata is more sensitive than clinical strain
to biosynthesizes silver NPs.
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Introduction
Controlling the growth of microorganisms is one of the
important issues paid attention to by World Health
Organization (WHO) and the related authorities in every
country and these authorities seek to employ the best and most
effective method for controlling these pathogens [1].
Regardless of the herbal medicines that are less effective than
before due to the resistance of microorganisms, currently mot
substances that are used for treatment of the infections caused
by microorganisms have chemical nature that have side effects
[2-4]. On the other hand, microbial resistance is a serious and
global problem that has challenged the treatment of infections
with antibiotics [5,6]. Emergence of the science of
nanotechnology in 21st century has opened a new window for

the researchers. One of the main products of this technology is
metal particles in the range of 1 to 100 nm that are referred to
as metal nanoparticles. The unique physical, chemical,
electrical, magnetic and catalytic properties of nanoparticles
that are dependent on their size have resulted in their
application in different fields [7,8]. Recently, researchers in the
field of health have obtained favourable results by applying
these substances against infectious agents. One of these
nanoparticles is silver NPs. Due to their unique properties,
silver NPs are considered an appropriate candidate for
preventing and controlling the pathogenic microorganisms
[9-11]. Different methods have been proposed for synthesis of
silver NPs including chemical reduction, sonochemical
synthesis, solochemical synthesis, mechanochemical synthesis
and hydrothermal method [12-15]. Using these methods for
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synthesis of silver NPs requires chemical reactants and high
temperature cycle, in addition to being time consuming. As the
reactants used for the synthesis and control of the size of these
NPs have chemical nature in most of these methods, these
methods results in pollution both for humans and the
environment [16,17]. Researchers’ efforts for solving such
problems have resulted in development of new methods based
on biological living systems for synthesis of NPs in recent
years. In other words, with the aid of living systems such as
microorganisms and plants, researchers have been able to
synthesis nanomaterials that, in addition to having favourable
medical properties, have no toxicity for human body and are
completely compatible with the environment. The synthesis of
NPs with the help of microorganisms has been proved by many
researchers [18,19]. On the other hand, yeast infections
including candidiasis are among the most common fungal
infections that are created by different Candida species.
Candidiasis is not just a diseases; it is referred to a wide range
of diseases that are caused by different Candida species.
Among the identified Candida species, Candida albicans is the
cause of 60 per cent of Candida infections. However, other
Candida species such as Candida glabrata, due to being
resistant to azole medications, have widely increased and result
in death in most of the cases. The inherent resistant against
antifungal medications that exists in this microorganism has
created challenge for the control and treatment of symptomatic
infections caused by this yeast [20-22]. Considering the
resistance of these organisms against azole antifungal
medications and advancing nanotechnology, a method can be
provided to treat these infections with using themselves. In this
study, silver NPs were synthesized from Candida albicans and
their in vitro antifungal properties against yeast cells of as
Candida glabrata were assessed.

Materials and Methods
The materials and mediums used in this study such as silver
nitrate, Sabouraud Dextrose Agar (SDA), Sabouraud Dextrose
Broth (SDB), CHROM agar and Corn Meal Agar were
purchased from Merck Company of Germany. The standard
strain of Candida glabrata (ATCC: 90030) was purchased
from Center of Scientific and Industrial Research of Iran. The
silver nanoparticles in this study that were synthesized from
the clinical strain of Candida albicans separated from patients
with weak immune system, that were proved to be able to
reduce silver ion and had potentiality to reduce Ag+ to Ag0,
and their antifungal activity were assessed on the cells of the
standard and clinical strains of Candida glabrata [23].

Biosynthesis of silver nanoparticles
First, the clinical strain of Candida albicans was cultured on
SDA medium at 37°C for 24 hours. After 24 h of incubation,
the grown colonies were cultured in an Erlenmeyer flask
containing 29 ml of SDB, in order to obtain cell mass, and
were kept in shaking incubator with 200 rpm speed and at
37°C. Then, using a centrifuge with the speed of 6000 rpm, the
cells were separated from the medium and were washed with

Phosphate buffered saline with pH=7.4. Then, 2 g of the wet
weight of the yeast was removed and added to 5 ml of 1.5 mM
silver nitrate and transferred to a sterile tube. The tubes were
kept in darkness and at room temperature. After 2 h, and after
witnessing the change in color and ensuring the transformation
from Ag+ to Ag0, the tube containing cell biomass and silver
nitrate solution was kept in shaking incubator again for 48 h to
separate cell biomass. Then, yeast biomass was separated using
a centrifuge with the speed of 6000 rpm and was used for
SEM, UV-vis and XRD tests in the subsequent stages [23].

The study of the physicochemical characteristics of
the biosynthesized nanoparticles
Scanning electron microscope (SEM): SEM was used for
determining the shape and the size of the biosynthesized silver
nanoparticles. In order to prepare the necessary sample, first, 2
g of the wet weight of the separated biomass together with
Glutaraldehyde 2.5% were incubated at temperature of 4°C for
4 h. It was placed in room temperature with Osmium tetroxide
1%, after the incubation. Dehydration was done with alcohol
after the solidification of the sample and then resin solution
and oxypyrroline were added and the sample was kept at 60°C
for 24 h. Finally, the prepared sample was assessed under SEM
[23].

UV-Visible spectroscopy: The absorption spectrum of the
biosynthesized nanoparticles was explored in UV-Vis
spectrophotometer. For this purpose, 50 µl of the separated
solution was added to the cuvette by 50 µl of distilled water
and this spectroscopy was done in UV-Vis device at the
wavelength of 300 to 800 nm [24].

XRD analysis: After the completion of biosynthesis of
nanoparticles by Candida albicans, the resulted colloidal
solution was centrifuged with 18000 rpm speed for 15 minutes.
Afterwards, the supernatant was removed. For dispersing the
precipitated nanoparticles, washing with double distilled water
was done and centrifugation was repeated three times. And
after each time of centrifugation, the precipitated nanoparticles
were washed with double distilled water. Finally, the obtained
suspension was put on silicon wafer and, after being dried, was
put under XRD analysis [24].

The study of antifungal properties of biosynthesized
nanoparticles
The effect of the nanoparticles on the clinical strain and
standard strain (ATTC: 90030) cells of Candida glabrata was
assessed. The clinical isolates in this study were separated and
identified using classical culture methods on Corn Meal Agar,
Chrome Agar, biochemical tests of sugar absorption and germ
tube formation from patients with weak immune system
hospitalized in hospitals in Shiraz. Then, a suspension
equivalent to 1 × 106 cells in each ml was prepared in SDB
from each strain using standard methods and
spectrophotometer device at wavelength of 530 nm.

Based on the results obtained from previous studies the
concentration 0.37 × 108 particles ml-1 has had a favourable
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effect on Candida albicans [25]. Different concentrations 0.18
× 108 Particles ml-1, 0.37 × 108 Particles ml-1 and 0.74 × 108

Particles ml-1 were used in this study for creating a link
between the consumed dose of silver nanoparticles and the
antifungal effect. This concentrations 1 were calculated and
prepared in deionized water using equation n1v1=n2v2. The
prepared yeast and nanoparticle suspensions were kept in
refrigerator for the next stages.

Time-kill curve study of Candida glabrata
Exploring this factor was done in the presence of 0.18 × 108

Particles ml-1, 0.37 × 108 Particles ml-1 and 0.74 × 108

Particles ml-1 concentrations of the biosynthesized
nanoparticles on standard and clinical strains in 0-48 h time
range. First, the yeast cells with the dilution of 1 × 106 cell ml-1
were mixed with the intended concentrations that were
prepared in the previous stage. Then, the 100 µl was removed
from the obtained suspension and cultured on sterile medium
SDA. The plates were placed in incubator for 48 h at 37°C.
During this time the grown colonies were counted based on
Colony-Forming Unit (CFU) at 0, 2, 4, 6, 8, 10, 12, 24 and 48
h. The yeast suspension of Candida glabrata which was free
from nanoparticles was used as control group [26].

Proton efflux measurement
The activity and measurement of proton pump in Candida
glabrata cells of the standard strain and clinical isolate was
done through measurement of (intracellular) pH of the external
environment. For this purpose, the cells of the middle phase
were removed from SDB and were washed with distilled water
twice. Then 0.1 g of the yeast cells was added to 5 ml of the
solution containing (0.1 M KCl, 0.1 mM CaCl2) and distilled
water. The prepared suspension was kept in double-jacketed
glass container with constant stirring. The initial pH was
adjusted on 7 using 0.1 M HCl/NaOH. Afterwards, for
exploring the impact of the biosynthesized nanoparticles on the
activity of the proton pump, 100 µl of the nanoparticles with
concentrations of 0.18 × 108 Particles ml-1 , 0.37 × 108

Particles ml-1 and 0.74 × 108 Particles ml-1 were separately
added to the prepared suspension. Finally, the H+ extrusion rate
was measured by the consumption of 0.01 N NaOH [27].

Intracellular pH (pHi) measurement
In order to measure intracellular pH, 0.1 g of Candida glabrata
yeast cells (ATCC: 90030) was separated from SDB. These
cells, after being washed in 5 ml of solution containing (0.1 M
KCl, 0.1 mM CaCl2), were suspended and the intended volume
as adjusted using distilled water. In order to explore the impact
of biosynthesized silver nanoparticles on intracellular pH level,
0.18 × 108 Particles ml-1, 0.37 × 108 Particles ml-1 and 0.74 ×
108 Particles ml-1 concentrations of these nanoparticles were
used. The initial pH was adjusted on 7. The prepared
suspension was kept in a shaking incubator with the speed of
200 rpm at 37°C for 30 min. The pH changes in suspension
were measured using pH meter [27].

Statistical analysis
The results of this study were the outcome of three replicates
with standard deviation error. These results were analysed
using statistical software SPSS (version 19) and one way
ANOVA was used for determining the significance of the tests.

Results

The physicochemical characteristics of the
biosynthesized nanoparticles
Electron microscope imaging: The observed change of color
from milky white to red indicates the synthesis of silver
nanoparticles by Candida albicans. A Scanning Electron
Microscope (SEM) is used for exploring the size and the shape
of these nanoparticles. Figure 1 shows the image of
biosynthesized silver nanoparticles under SEM. The data
obtained from this imaging indicates that the nanoparticles are
synthesized from Candida albicans in sizes of 20 to 80 nm
with spherical and oval morphology and in extracellular form.

Figure 1. Electron microscope image of biosynthesized silver
nanoparticles.

UV-Vis spectroscopy: Figure 2 shows the UV-Vis
spectroscopy of the biosynthesized nanoparticles at the
wavelength of 300 to 800 nm. The surface Plasmon resonance
of the nanoparticles in the range of 400 to 450 nm has resulted
in the creation of an absorption peak in 420 nm area which
indicates the existence of silver nanoparticles in this area.
Figure 3 shows the X-ray diffraction for the nanoparticles
biosynthesized by Candida albicans. Increase in the sharpness
of the XRD peaks in the Miller indices of the surfaces (111),
(200), (220) and (311) that are related to angles 38.43, 46.255,
64.51 and 70.011 respectively indicates that the synthesized
nanoparticles have a crystalline nature.

Time-kill curve study: Figure 4 shows the effect of the
biosynthesized silver NPs on Candida glabrata time-kill curve.
Figure 4a shows the effect of these NPs on the standard strain
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(ATCC: 90030) and Figure 4b shows the effect on clinical
isolate. The data analysis shows that the silver NPs synthesized
from Candida albicans have a favourable effect on Candida
glabrata cells at the significance level of (P ≤ 0.001).

Figure 2. UV-Vis spectrum of the biosynthesized nanoparticles.

Figure 3. XRD of the biosynthesized NPs.

Figure 4. Candida glabrata cell time-kill curve factor. 4a) the
standard strain ATCC (90030); 4b) the clinical isolate.

In a way that its antifungal activity is increased with the
increase of the consumed dose. In fact, among the explored
concentrations the most effective concentration is related to
0.74 × 108 particles ml-1. The analysis of the data of this study
indicates that the Candida glabrata clinical strain cells showed
a significant decrease in the presence of the nanoparticles in
the aforementioned concentration in a way that it is reduced
from Log 106 to Log 102. The effect on Candida glabrata
standard strain (ATCC: 90030) cells is more in a way that these
cells have been reduced from Log 106 to Log 10. Therefore the
results indicate that the standard strain of Candida glabrata is

more sensitive than the clinical strain, in the presence of the
synthesized nanoparticles. In fact, this can be interpreted to
indicate that the biosynthesized NPs, due to having crystalline
aspects especially at levels (111) and (200), have a high
electron density that has resulted in the bonding between these
nanoparticles and the yeast cells.

Proton efflux measurement: Proton pump is an event
dependent on H+ ATPase in fungal cells that is involved in pH
adjustment and cell growth adjustment, by consuming energy,
especially in food stress condition. Also, intracellular pH
adjustment by proton pump has a critical role in the level of
natural growth of Candida cells. The activity of proton pump
and pH changes was explored at the presence of biosynthesized
silver nanoparticles in this study. Table 1 shows the data related
to the measurement of Proton efflux pump. Data analysis
showed that the levels of proton pump retention in the
concentrations of 0.18 × 108 Particles ml-1, 0.37 × 108 Particles
ml-1 are equal to 39 and 56 per cent respectively in the
standard strain (ATCC: 90030) (P ≤ 0.001) and equal to 36 and
53 per cent respectively in the clinical isolate (P ≤ 0.001). The
concentration of 0.74 × 108 Particles ml-1 results in the level of
retention of Proton pump being equal to 69 and 65 per cent in
the standard and clinical strains respectively at level (P ≤
0.001). This effect indicates the antifungal effect of the
nanoparticles is increased with the increase of the used dosed.
Also, the data in Table 1 shows that these nanoparticles have
the highest level of impact on the standard strain (ATCC:
90030) of Candida glabrata, compared with the clinical
isolate.

Table 1. The effect of biosynthesized silver nanoparticles on the
activity of Candida glabrata proton pump.

Treatment Range of relative H+ efflux rate

(× 10-11 moles min-1 mg cells)

ATCC ( 90030 ) Clinical

Control 1 1

0.18 × 108 Particles ml-1 1.4 ± 0.2 (39%) 1.29 ± 0.1 (36%)

0.37 × 108 Particles ml-1 2.06 ± 0.5 (56%) 1.94 ± 0.2 (53%)

0.74 × 108 Particles ml-1 2.5 ± 0.3 (69%) 2.42 ± 0.1 (65%)

Figure 5 shows the effect in a schematic form. Normally,
intracellular pH is adjusted between 6 and 7 by the activity of
H+ ATPase. Figure 6 shows the changes of intracellular pH in
the presence of silver nanoparticles. Also, it is evident in this
Figure that the intracellular pH in the control group is equal to
6.3 and the highest level of effects related to 0.74 × 108

Particles ml-1 which is equal to 5.6 (P ≤ 0.001). While the
concentrations 0.37 × 108 Particles ml-1 and 0.18 × 108

Particles ml-1 had less effect at the levels (p ≤ 0.001) and
(p=0.001) respectively. These results indicate the favourable
antifungal effect of biosynthesized silver nanoparticles.
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Figure 5. Schematic of the effect of biosynthesized silver
nanoparticles on the activity of proton pump in Candida glabrata.

Figure 6. Intracellular pH changes in the presence of biosynthesized
silver nanoparticles.

Discussion and Conclusion
The resistance of the microbes and its emergence as a global
problems resulted in efforts for findings an effective drug
compound against the microorganisms. In line with this, many
compounds were used against microorganisms by researchers.
Silver compounds are among materials that their antibacterial
effects were proven by researchers more than other compounds
[28]. Also, the combination of silver with other materials
resulted in the increase of the antimicrobial effect of the new
compound. For example, the combination of silver nitrate with
sulfadiazine and production of silver sulfadiazine cream
resulted in the increase of the effect of sulfadiazine against
Staphylococcus aureus and Escherichia coli [29]. Gradually,
researchers found that with the increase of surface to volume
ratio the effect changed and the antimicrobial effect was
increased. This resulted in the emergence of particles called
nanoparticles with a dimension of 1 to 100 nm [30].

With the application of silver nanoparticles as an effective drug
compound against microorganisms, different methods were
invented for the synthesis of these nanoparticles in a way that
the invention made it possible for researchers to synthesize
nanoparticles with a desired morphology and size and with
favourable effect on microorganisms. Chemical and physical
synthesis methods are the main and most common methods for
production of silver nanoparticles. However, chemical methods
for synthesis of silver nanoparticles result in toxic effects on
human cells and pollution in water, soil and air due to the
nature of the chemical reactants and stabilizers in synthesis
stages. On the other hand, as these materials enter the food
chain in living ecosystems, irreparable damages will occur.
And physical methods have limitations as there is a need for a
high temperature cycle (1000°C) and there are complexities in
synthesis stages. In addition, the risk of potential explosion and
fire of metal nano powder in the air makes the researchers
search for alternatives to the present methods for synthesis of
nanoparticles.

The challenges in this regard made researchers search for
simple and more cost-effective ways for synthesis of silver
nanoparticles that, in addition to having favourable effects on
infectious agents, are less toxic to the body and the
environment. The researchers found that methods for
biosynthesis of nanoparticles can have such characteristics.
The invention of the biosynthesis method resulted in a new era
for studies all over the world on this field. In this regard, the
study by Sadhasivam et al., can be pointed out. They
synthesized silver nanoparticles from Streptomyces
hygroscopicus [31]. In addition to the biosynthesis of silver
nanoparticle by bacteria, fungi are potentially able to reduce
silver ions and produce nanoparticles. In this regard, Verma et
al., biosynthesized silver nanoparticles with dimensions of 10
to 20 nm from Aspergillus clavatus [32]. One of the problems
in the biosynthesis of nanoparticles by fungi is the higher
amount of time needed due to the slower growth of the fungi
compared with bacteria. In their study titled the synthesis of
gold nanoparticles from Fusarium oxysporum, Mokerji et al.,
pointed out that the biosynthesis of nanoparticles by fungi
needs 120 h while bacteria can synthesize nanoparticles in a
few hours [33]. In another study, Kathiresan et al., synthesized
silver nanoparticles in dimensions of 1 to 100 nm from
Penicillium fellutanum [34].

In comparison with the conducted studies, the present study
used Candida albicans for synthesis of silver nanoparticles as
it grows in a fast and simple way. The data in this study
indicated that the yeast can synthesize silver nanoparticles with
dimensions of 20 to 80 nm with crystalline nature. Preparation
of cell biomass in less than 24 h and the change of color
observed 2 h after the beginning of the reaction indicates that
the biosynthesis of silver nanoparticles is done faster by this
yeast, compared to other fungi. The costs of obtaining
nanoparticles is one of the limitations of chemical synthesis of
nanoparticles and this limitation is highly reduced using
biosynthesis methods because in most methods for
nanoparticle biosynthesis the nanoparticles are synthesized in
an extracellular way and there is no need for unnecessary
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compounds for obtaining the nanoparticles and these
nanoparticles can be directly used for treatment purposes [35].
In the present study were synthesized from Candida albicans
in an extracellular form and were directly used against the
pathogenic yeast Candida glabrata.

Data analysis indicated that these nanoparticles have a
favourable antifungal effect on the aforementioned yeast in a
way that they resulted in a significant reduction of the yeast
cells in 0 to 48 h at P ≤ 0.05 levels. The effect of silver
nanoparticles against different Candida species has been
verified by other researchers. In one study, Nozari et al., used
silver nanoparticles together with Fluconazole against Candida
albicans, Candida glabrata, Candida krusei and Candida
tropicalis. Their results indicated that silver nanoparticles
result in the antibiotic effect of Fluconazole [36]. In
comparison with the aforementioned study, we synthesized
silver nanoparticles from Candida albicans and used them
against Candida glabrata. The data analysis indicated the
antifungal effect of these nanoparticles. The difference
between the sensitivity of the standard and clinical strains of
Candida glabrata against the biosynthesized silver
nanoparticles in this study indicates that the antifungal
properties of nanoparticles is dependent on the strain type, in
addition to dose and time, in a way that it was revealed that the
clinical strain of Candida glabrata, compared with the
standard strain, is more resistant to nanoparticles.

In this study it was tried to produce silver nanoparticles in an
extracellular way, with the aim of creating an optimal condition
compared with chemical and physical methods, and to assess
their antifungal properties. Based on the results of the study it
can be concluded that Candida albicans is potentially able to
synthesize nanoparticles and due to the growth speed and ease
of culture, it is an appropriate option, compared with other
microorganisms, for synthesis of silver nanoparticles. These
nanoparticles have favourable antifungal properties. It is
recommended that researchers assess these results on animal
models too for more clarification of the antifungal activity of
nanoparticles. Because produced nanoparticles have a high
ratio of surface area to volume, they exhibit special surface
properties that are different from other bulk peers materials, So
far a thorough understanding has not been achieved for
harmful effects of used nanoparticles in clinical studies; This
large surface area of nanoparticles allow more contact with the
cell membrane, and also gives them a greater capacity to attract
and immigration. This means that intensity and toxicity
profiles of nanoparticles cannot be extrapolated from their bulk
state information. In addition, nanosilvers showed toxic effects
on many multicellular organisms such as mice and human.
Some evidences suggests that nanosilvers after entering into
the body, can accumulate in the body or lead to damage in
some tissues such as liver, lungs and even into the bloodstream
and crossing from Blood-Brain Barrier (BBB); And if
nanosilvers can transform to bulk silver, serious and
widespread risks of these substances is cleared. However, more
comprehensive studies are required to evaluate the effects of
silver nanoparticles in clinical activities.
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