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Sub-inhibitory concentration of biogenic selenium nanoparticles lacks
post antifungal effect for Aspergillus niger and Candida albicans and
stimulates the growth of Aspergillus niger
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ABSTRACT

Background: The antifungal activity of selenium nanoparticles (Se NPs) prepared by Klebsiella pneumoniae has been
reported previously for different fungi. In the present study, freshly prepared Se NPs produced by K. pneumoniae were
purified and characterized by transmission electron microscopy and Energy-Dispersive X-ray spectroscopy (EDS) and its
post antifungal effects for two fungi were evaluated.

Materials and Methods: The minimum inhibitory concentrations (MICs) of Se NPs, determined by serial dilution were 250
pg/ml for Aspergillus niger and 2,000 pug/ml for Candida albicans. The effect of exposure of A. niger and C. albicans to
Se NPs on later growth was evaluated by incubating the fungi for 1 hour at 25 °C in media containing 0, 1, 2 and 4 x MIC
of Se NPs and diluting the cultures 100 times with Se free medium. The kinetics of growth of the fungi in control cultures
and in non-toxic Se NPs concentration of, 0.01 x MIC, 0.02 x MIC or 0.04<xMIC were measured.

Results: The exposure of A. niger and C. albicans to 2 and 4 x MIC of Se NPs stimulated the growth of both fungi in the
absence of toxic concentrations of Se. The strongest stimulation was observed for 4. niger.

Conclusions: It is concluded that exposure to high concentration of the Se NPs did not have any post-inhibitory effect on 4.
niger and C. albicans and that trace amounts of this element promoted growth of both fungi in a dose- dependent-manner.
The role of nanoparticles serving as needed trace elements and development of microorganism tolerance to nanoparticles

should not be dismissed while considering therapeutic potential.
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INTRODUCTION activity of silver NPs has been studied extensively
(9-12). We have recently reported the synthesis and

Nanotechnology allows the synthesis of antifungal activity of biogenic selenium nanoparticles
nanoparticles (NPs) with novel antimicrobial (Se NPs) prepared by Klebsiella pneumoniae (13,14).
properties (1-4). There is an increasing interest in the Currently, high-strength selenium disulfide (2.5%)
use of metallic or non-metallic NPs in health products is available by prescription for the treatment of
for their antibiotic properties (5-9). The antifungal dandruff and seborrheic dermatitis (15). In addition,
selenium disulfide is commercially available in a
concentration of 1% as an over the counter antifungal
agent in shampoos for the treatment of dandruff
and seborrheic dermatitis. The toxicity reported for
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replacement of other forms of selenium in the future.
Post-antibiotic effect (PAE) defines the potential
of a substance to delay re-growth of a microbial
population after short-term exposure and removal of
an antimicrobial compound (17, 18). Determination
of the PAE is recommended in further evaluation of
all new antimicrobial agents because it influences
optimal antimicrobial dosing intervals. In this
investigation, we have evaluated the effect of pre-
exposure to biogenic Se NPs on the growth of test
strains based on the method published by Jacobs ef
al. (17).

MATERIALS AND METHODS

Biosynthesis of Se NPs. Biogenic Se NPs were
prepared using a recently described method (13).
Briefly, cultures of K. pneumoniae were grown in
tryptic soy broth (TSB) to an OD,, of 1.0 at 37°C.
Fresh TSB at pH 7.2 was supplemented with 200
mg/l Se™ (equal to 559.19 mg of selenium chloride)
and inoculated with 1% (v/v) of a bacterial culture.
The culture flasks were incubated at 37°C for 24 h. K.
pneumoniae cells containing red selenium particles
were disrupted by autoclaving at 121°C, 1.2 kg/cm?
for 20 min. The released Se NPs were centrifuged at
25,000 x g for 15 min and washed three times with
distilled water. The washed samples were sonicated
for 10 min (Techno-Gaz, Tecna6) and the physical and
chemical properties of the samples were confirmed by
transmission electron microscopy (TEM) and energy-
dispersive X-ray spectroscopy (EDS).

Biological assay. The antifungal activity of the
biogenic Se NPs was determined for Aspergillus niger
TUMS R124 and Candida albicans TUMS R152,
which were kindly provided by Dr. Sassan Rezaie from
the Culture Collection of the Department of Medical
Mycology and Parasitology, School of Public Health,
Tehran University of Medical Sciences, Tehran, Iran.
The strains grew in Sabouraud dextrose broth (SDB)
at 25°C. These conditions support the growth of a
variety of fungi and are useful for the growth of fungi
associated with skin. A conventional serial dilution
method was used to test the susceptibility of 4. niger
and C. albicans to Se NPs (19) with an inoculum of
approximately 10* colony-forming units (CFU)/ml.
The SDB culture media were supplemented with serial
two-fold dilution of biogenic Se NPs, ranging from
62.5 to 8000 pg/ml. The minimum concentrations of
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Se NPs capable of inhibiting visible growth of the
fungal strains during 48 h of incubation at 25°C were
determined and reported as MICs. All experiments
were repeated three times.

The effect of pre-exposure of the fungi to lethal
concentrations of Se NPs (MIC, 2 x MIC and 4 x
MIC) on the growth of test strains were determined
based on the method published by Jacobs et al (17)
as follows. Both of the test strains were exposed to
Se NPs concentrations of (MIC, 2 x MIC and 4 x
MIC) in SDB medium. Control cultures for each test
strains were also prepared in SDB without Se NPs.
After incubation for one hour at 25°C in a shaking
incubator (150 rpm), all cultures were diluted with
pre-warmed SDB at a ratio of 1/100 and incubated
at 25°C for additional 48 h. The kinetics of growth
was monitored by measuring the turbidity at OD,
at different intervals during incubation. Sterile SDB
media containing Se NPs at concentrations of (0.01
MIC, 0.02 x MIC, and 0.04 x MIC) was used as
reference controls. All samples were homogenized
before measuring optical densities.

RESULTS AND DISCUSSION

In the present investigation, biogenic Se NPs
(ranging in size 90- 320 nm) were prepared by K.
pneumoniae and their antifungal activities against
A. niger and C. albicans were studied. After the
incubation of K. pneumoniae with Se** the culture
developed a red color. The Se NPs were released
during autoclaving. Fig. la (top panel) illustrates
the differences in the appearance of TSB medium
before and after inoculation with K. pneumoniae and
incubation for 24 h with and without Se™ ions. The
presence and the size of NPs were verified by the
TEM micrograph of released Se NPs (Fig. 1b, bottom
panel). The EDS analysis of the biogenic Se NPs
confirmed the presence of elemental Se NPs signals
(Fig. 2). The selenium nanocrystallites displayed
optical absorption bands with peaks at 1.5, 11.2,
and 12.5 keV, which is typical of metallic selenium
nanocrystallites (18).

The MIC values of Se NPs were 250 pg/ml for A.
niger and 2000 pg/ml for C. albicans. The effects
of pre-exposure of A. niger and C. albicans to high
concentrations of NPs (MIC, 2 x MIC and 4 x MIC)
on the growth of these strains in presence of trace
amounts of the NPs (0.01 x MIC, 0.02 x MIC and 0.04
x MIC) were also evaluated (Figs. 3 and 4). Contrary
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Fig. 3. The post antifungal effect of Se NPs on the growth
of Aspergillus niger.
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emission peaks are labeled. Strong signals from the atoms
in the NPs, observed in the spectrum confirm the reduction Fig. 4. The post antifungal effect of Se NPs on the growth
of selenium ions to selenium metalloid NPs. of Candida albicans.
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to the post- antibiotic effect observed in bacteria on the
re-growth of bacteria in the sub-inhibitory antibiotic
concentration (17, 20), no significant differences in
growth of C. albicans were observed in the presence
or absence of Se NPs during growth in sub-inhibitory
concentrations (20-80 pg/ml) of Se NPs (Fig. 4).
However, there were differences in the growth of A.
niger in lower subinhibitory concentrations (2.5-10
pg/ml) of Se NPs (Fig. 3). Surprisingly, there was
higher growth in cultures containing 10 ug/ml of Se
NPs (0.04 x MIC) than at 2.5 pg/ml (0.01x MIC). In
addition a much longer lag phase was observed in the
growth of A. niger in the medium without any NPs;
however, after 24 h a more rapid growth and higher
cell OD were observed in medium without NPs (Fig.
3). Selenium did not exhibit a PAE effect at the tested
concentrations against these two fungal test strains,
but showed considerable stimulation effect on the
growth of 4. niger in early stages of growth.

The results demonstrate that the pre-exposure
of A. niger to 1-4 times MIC of Se NPs resulted in
the decrease in the lag phase of this strain during
growth with sub-inhibitory concentrations of NPs,
in comparison with the growth in medium without
Se NPs by 4. niger (Fig. 3). It is possible that the
growth of A. niger may have been stimulated in the
presence of selenium, because of its physiological
effect on particular enzyme(s) in the cell. Abbass
and Razak (1991) showed that Aspergillus terreus
synthesized selenium-binding protein in the medium
that was amended with 0.1% sodium selenite (20).
Similarly Kulys et al. (1993) observed high electron
transfer rates of glucose oxidase catalyzed oxidation
of glucose in A. niger in the presence of selenium
(21). Tt appears that C. albicans has more tolerance
than 4. niger for this compound since the MIC of Se
NPs for A. niger was almost 10 times lower than the
MIC for C. albicans.

In addition to their level of tolerance to Se NPs the
growth rate of A. niger and C. albicans were different
as evident from the slope of the growth of these fungi
(Figs. 3 and 4).

Although initially there was a delay in the
growth of control A. niger, after 48 hours it grow
substantially more than other strains in sub-inhibitory
concentrations of Se NPs. We do not know if the
unknown physiological changes have occurred in this
fungus during pre-exposed to Se NPs which may also
have effected its growth including germination of its
spores. This is the first study in which the PAE of Se
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NPs for different fungal strains has been investigated.
Although the antifungal activity of nanoparticles
against different fungal strains has been reported (5,
14), the PAE has not been measured.

In PAE assay, Se NPs not only did not exhibit an
inhibitory effect at the tested concentrations against
selected fungal test strains, but also showed considerable
stimulation of the growth of one of the test strains possibly
serving as trace elements in yet unknown metabolic
activity. This may indicate that limited exposure of A.
niger or C. albicans to Se NPs during medication of
some dermatitis caused by these fungi may be harmful
and may prompt the re-growth of these opportunistic
pathogens on the surface of the skin.
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