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Abstract

Background: The effect of curcumin as a natural safe compound with different biological activities was exam-
ined on fungal growth and aflatoxin production in Aspergillus parasiticus NRRL 2999.

Methods: The fungus was cultured in presence of serial two-fold concentrations of curcumin (125-2000 pg/ml)
in yeast extract sucrose broth for 3 days at 28°C. Mycelia dry weight was determined as an index of fungal
growth, while aflatoxin production was assessed by high performance liquid chromatography (HPLC). The ex-
pression of ver-1, nor-1, pksA, omtA and aflR genes in aflatoxin biosynthetic pathway was evaluated by real time
PCR.

Results: Curcumin strongly inhibited aflatoxin B; production in the range of 26.6 to 94.9% by serial two-fold
concentrations from 125 to 2000 pg/ml. Fungal growth was also inhibited by the compound in the range of 34.0
to 60.8%. Analysis of the expression of aflatoxin pathway genes by real time PCR showed that curcumin inhib-
ited the expression of ver-1, nor-1, pksA, omtA and aflR genes at concentrations of 250 and 1000 pug/ml. In con-
centration of 1000 pg/ml, gene expression was reduced by 31.3%, 44.6%, 57.1% 110.9% and 286.7% accord-
ingly. Reduction in the expression of aflatoxin biosynthesis genes was significant only for aflR. In ferric reducing
ability of plasma (FRAP) assay, curcumin showed strong antioxidant activity at all concentrations tested.
Conclusion: Curcumin may be employed successfully as a good candidate in controlling of toxigenic fungal
growth on food and feed and subsequent contamination with aflatoxins in practice.
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Introduction

Aflatoxins (AFs) are toxic, carcinogenic, muta-
genic, and polyketide-derived secondary metabo-

(AFB,) is considered as the most potent hepato-
toxic and hepatocarcinogenic chemical. AFs have

lites produced mainly by certain strains of Aspergil-
lus flavus and A. parasiticus and in a less extent by
several strains of A. nomius, A. pseudotamarii, A.
bombycis, and A. ochraceoroseus (1). Among the at
least 16 structurally related aflatoxins characte-
rized, there are only four major aflatoxins, B,, B,,
G,, and G, which they are important natural con-
taminants of crops and agricultural commaodities.
Among naturally occurring AFs, aflatoxin B,

been detected in numerous agricultural commodi-
ties, such as corn, peanuts, cereal grains, whole
wheat, rye breads, oil seeds, cottonseed, tree nuts,
and contaminated environments (2, 3). Consump-
tion of AF-contaminated foods and feeds is a se-
rious problem from the viewpoint of not only
public health, but also economic losses.

The biosynthesis of AFB, is a multistep process
and more than 23 enzymatic reactions are required
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for this pathway, which is initiated by hexanoate
synthesis from acetate (4). It has been shown that
25 genes clustered within a 75-kb DNA region in
the chromosomes of A. parasiticus and A. flavus are
involved in aflatoxin biosynthesis. The ver-1 en-
codes a ketoreductase required for the conversion
of VERA to demethylsterigmatocystin (DMST) (5,
6). Norsolonic acid is an intermediate in the afla-
toxin biosynthetic pathway in A. parasiticus that is
converted to AVN by a reductase/dehydrogenase
enzyme, and this reaction is reversible depending
on NADPH or NADH (7). The aflR gene encodes
a sequence-specific DNA-binding binuclear zinc
cluster (Zn (I1)2Cys6) protein, required for tran-
scriptional activation of most, if not all, of the
structural genes (8-10). The involvement of omtA
in the later step of aflatoxin production has been
established.  This gene encodes O-
methyltransferase A or O-methyltransferase 11
required for the conversion of ST to O-
methylsterigmatocystin (OMST) and DHST to
dihydro-O-methylsterigmatocystin -~ (DHOMST)
(11-13). It has been demonstrated that pksA is
important for aflatoxin biosynthesis, because of
involvement in the synthesis of a polyketide from
the primary metabolite, acetate (14).

With respect to the rapid expanding the list of
food-borne pathogens, searching of novel strate-
gies to prevent food contamination with these ha-
zardous organisms is an urgent need. Many re-
searchers have now been involved to find out the
safer and more effective compounds from natural
sources with lower toxicity for eukaryotic systems
(15-17). Natural inhibitors of either fungal growth
or AF production from plants and microorganisms
are possible candidates for reducing AF contami-
nation without incurring the problems arise from
synthetic chemicals (18). Among the thousands of
naturally occurring compounds so far identified in
plants, there is none that poses, or reasonably
might be expected to pose a significant risk to
public health at the levels of intake when used as
additives.

Certain organic acids and some herbal compounds
are known to suppress growth of Aspergillus and
reduce aflatoxin production (19). Curcumin (1, 7-
bis (4- hydroxyl — 3 - methoxyphenyl) - 1, 6 - hep-
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tadiene- 3,5- dione/diferuloyl methane), is a phe-
nolic compound chemically characterized in 1910.
As a generally regarded as safe (GRAS) compound
found in various natural sources such as different
medicinal plants, it is known for a diverse range of
beneficial biological properties including antim-
icrobial, antioxidant and free radical scavenging
activities (20-23). To our knowledge, very little has
been documented about its effect of aflatoxigenic
fungi regard to aflatoxin production at genomic
level.

In the present study, antifungal and antioxidant
activities of curcumin was studied against an afla-
toxin-producing A. parasiticus with special atten-
tion to the expression of important key genes of
aflatoxin biosynthesis pathway catalyzed various
enzymatic reactions in different steps of toxin bio-
synthesis.

Materials and Methods

Strain and culture conditions

Aspergillus parasiticus NRRL 2999 was cultured on
Sabouraud Dextrose Agar (E. Merck, Germany)
slant for 7 days at 28°C. The spores were har-
vested by adding sterile water containing 0.01%
Tween 80. The tip culture method was used for
monitoring the effect of curcumin on AFB, pro-
duction. In this method, a 1-ml Pipetman tip was
used as a culture vessel for liquid stationary cul-
ture (24). Curcumin (Sigma—Aldrich, St. Louis,
MO, USA) was prepared in final concentrations of
2000, 1000, 500, 250, 125 pg/ml in dimethylsul-
foxide (DMSO,; a final concentration of 1%). A 10
Ul spore suspension of the A. parasiticus NRRL
2999 (200 cell/pl) was inoculated into 500 pl of
YES broth (2% yeast extract and 20% sucrose)
exposed to different concentrations of the com-
pound in separate tips and incubated for 3 days at
28°C. The control cultures were treated in the
same manner with the test cultures except that
they were not contained curcumin. Two separate
experiments were carried out in two triplicate sets
each.
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Fungal dry weight and growth inhibitory de-
termination

After separating the culture medium from the tips
using centrifugation and incubation at 80°C for 3
h, the mycelia weight was calculated by reducing
the weight of mycelia-containing tips from those
of pre-weighted empty tips. The growth inhibitory
effect expressed as percent inhibition of growth
by the following formula:

Inhibition of growth (%) = Dc- Ds / Dc x 100;
Where Dc is the dry weight of colony in control
sample, Ds is the dry weight of colony in treated
sample.

Analysis of aflatoxin production by TLC and
HPLC

For detection of AFB,, chloroformic extract of
the culture broth and the standard of AFB,;
(Sigma-Aldrich) was spotted on TLC silica gel
60F,;, plates and developed by chloroform- ethyl
acetate- formic acid 90% (6:3:1, v/v/v). AFB,
were visualized under UV light (365 nm) and pho-
tographed with a TLC scanner CAMAG Re-
prostar 3 (CAMAG, Switzerland). To quantitative
measurement the amounts of AFB,, fifty ml of
each chloroformic extract was injected into the
HPLC (KNAUER D-14163 UV-VIS system, Ber-
lin, Germany) column (Cosmosil 5-ph-AR-300
Waters; 4.6x150 mm) and eluted at a flow rate of
1 ml/min. by water/acetonitrile/methanol
(60:25:15, v/v/v) as mobile phase. The amounts
of AFB, were measured at wavelength of 365 nm.
The elution time of the samples was compared
with pure AFB, standard and quantified based on
the ratio of the peak area of samples to those of
the standards (25).

Measurement of antioxidant activity

The antioxidant capacity of curcumin was deter-
mined by ferric reducing ability of plasma (FRAP)
assay according to Benzie and Strain (26). The me-
thod is based on the reduction of a ferric 2, 4, 6-
tripyridyl-s-triazine complex (Fe3+-TPTZ) to the
ferrous form (Fe2+-TPTZ). The working FRAP
reagent was prepared by mixing 10 volumes of
300 mmol/| acetate buffer, pH 3.6, with 1 volume
of 10 mmol/l TPTZ (2, 4, 6-tripyridyl-s-triazine)
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in 40 mmol/I hydrochloric acid and with 1 vo-
lume of 20 mmol/I ferric chloride. FeSO,. 7H,O
in range of 100-1000 mmol/I was used for cali-
bration. 50 pl of each concentration of curcumin
(500, 250, 125, 62.5 and 31.25) was added to 1.5
ml of FRAP reagent and the absorbance of reac-
tion mixture at 593 nm was measured after incu-
bation at 37°C for 10 min. The FRAP values for
the samples were then determined using this stan-
dard curve. The experiment was carried out in
triplicate.

RNA preparation and Real-Time PCR

A. parasiticus NRRL 2999 was cultured on YES
broth (as control) and YES broth contained 250
and 1000 pg/ml of curcumin in 50 ml Erlenmeyer
flasks. After 3 days incubation of cultures at 28°C,
the harvested mycelia mass was flash-frozen in
liquid nitrogen and grounded to a fine powder in a
porcelain mortar. Total RNA was purified from
the homogenized fungal mycelia using GITC rea-
gent. The total RNA was treated with RNase-free
DNase (Fermentase), First-strand cDNA was pre-
pared with the Fermentase Kit, using random hex-
amer primers, according to the protocol. Real-
Time quantitative RT-PCR was carried out using
the SYBR Green Master Mix (GENET BIO), in a
final volume of 25 pl for each reaction, and an
ABI PRISM 7500 thermal cycler (Applied Biosys-
tems). Two-step PCR conditions were as follows:
after an initial incubation at 95°C for 10 min, 40
cycles of 95°C for 15s and 60°C for 1 min were
performed. The primer sets were aflR, 5'-
GGCTGGTCAGGAGCAAAGC-3° and 5'-
CCCCGAATTCCGAATCG-37; ver-1, 5-

CCAATGCGGCCGTTGT-3° and 5-TGA-
GAAAAACGACGCAATGAA-3;  nor-1l, 5'-
GTCCAAGCAACAGGCCAAGT-3" and 5 -

TCG TGCATGTTGGTGATGGT-
3" pksA, 5-TGCATGGCGATGTGGTAGTT-
3> and 5 GTAAGGCCGCGGAAGAAAG-3;
mtA, 5-GGCCATATCCGCGAGCTT-3" and
5-CGCATGACCACATCCCAAT-3" f-at-

tin,5 TGCTCTCGTTATCGACAATGGT-3" and
5- CATCGTCACCGGCGAAA-3'(27, 28).
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Mathematical method for relative quantifica-
tion in Real-Time PCR

The mathematical method was used to determine
the relative quantification of a target gene in com-
parison a reference gene. Real-Time PCR efficien-
cies were calculated from the given slopes in
LightCycler software. The corresponding Real-
Time PCR efficiency (E) of one cycle in the ex-
ponential phase was calculated according to the
equation: E = 108%/5%,

The relative expression ratio (R) of a target gene is
calculated based on E and the crossing points
(CP) deviation of an unknown sample versus a
control, and expressed in comparison to a refer-
ence gene. Equation 1 shows a mathematical
model of relative expression ratio in Real-Time
PCR.

Log Ratio =Log

= Tﬁfﬂﬂf;‘sa?’:;ie (_; ﬂ_,ﬁfrjﬂ.ﬂ calibrator

[(E :'I:!‘."'L.]‘E‘:']h ET sampls = '.':E tﬂl‘gﬂj IT calitrator ] (1)

The ratio of a target gene is expressed in a sample

versus a control in comparison to a reference gene.

E target is the real-time PCR efficiency of target
gene transcript; E ref is the Real-Time PCR effi-
ciency of a reference gene transcript; ACP,, is
the CP deviation of control — sample of the target
gene transcript; ACP,~ CP deviation of control —
sample of reference gene transcript. The reference
gene could be a stable and secure unregulated
transcript, e.g. a house- keeping gene transcript.
For the calculation of R, the individual Real-Time
PCR efficiencies and the CD deviation (ACP) of
the investigated transcripts must be known. CP

deviations of control cDNA minus sample of the
target gene and reference genes were calculated
according to the derived CP values (29).

Statistical analysis

The data of fungal growth, AFB, contents and
gene expression were subjected to the Analysis of
Variance (One-way ANOVA) in Tukey range. The
differences with P<0.05 were considered signifi-
cant.

Results

Effects of curcumin on A. parasiticus growth
and AFB, production

For assessing the antifungal effect of curcumin,
the fungus was exposed to different concentra-
tions of the compound in YES broth at 28 °C for
3 days. Fungal growth was inhibited in the range
of 34.0 to 60.8% in the fungus exposed to serial
two-fold concentrations of 125 to 2000 pg/ml an
IC;, value around 900 pg/ml (Table 1). Growth
inhibition was found to be significant at concen-
trations of =250 pg/ml compared with non-
treated controls (P<0.01). The qualitative TLC
results of curcumin treated cultures showed that
curcumin was able to inhibit strongly AFB, pro-
duction in a dose dependent manner. HPLC
analysis was shown that curcumin strongly inhi-
bited AFB, production by in the range of 26.6 to
94.9%, with an IC,, value around 400 ug/ml at
serial two-fold concentrations of 125 to 2000
ug/ml after comparing with non-treated controls
(Table 1).

Table 1: Effect of curcumin on the growth and AFB, production by Aspergillus parasiticus NRRL 2999

Curcumin Fungal dry  Growth inhi- Total AFB; AFB; (hg/mg AFB; inhibi-
(ng/mil) weight (mg) bition (%) (ng) dry weight) tion (%)
Control (0.0) 9.7+0.59 0.00 7361.4 + 448.6 7589 +50.1 0.00

125 6.4 +0.85 34.0 3566.0 = 509.9 557.2 £ 67.3 26.6

250 52031 46.4 2300.2 + 343.6 442.3 £53.6 417

500 5.2 +047 46.4 1877.7 + 286.7 361.1 +40.9 524
1000 48 +0.59 50.5 708.4 +170.3 1476 £ 175 80.5
2000 3.8+059 60.8 1478 £ 150 389+38 94.9

Results are the means £ SD of two separate experiments in triplicate sets.
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Antioxidant activity of curcumin by FRAP
Based on the FRAP analysis, it was shown that
curcumin is a potent antioxidant compound and
the antioxidant values was obtained in range be-
tween 43.3 to 461.6 umol/I in serial two-fold con-
centrations of the compound from 31.25 to 500
pg/ml (Fig. 1).
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Fig. 1: Mean FRAP values (UM/I) and standard
errors of the mean are given for different concen-
trations of curcumin (n=3) (P< 0.05)
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Effects of curcumin on the expression of afla-
toxin biosynthetic pathway genes

For evaluating the effects of curcumin on expres-
sion of genes encoding proteins involved in afla-
toxin biosynthesis, A. parasiticus NRRL 2999 was
cultured on YES broth in presence of curcumin
(250 and 1000 pg/ml) for 3 days at 28°C. The fun-
gal mycelia were separated by filtration, total RNA
was extracted, and the expression of nor-1, ver-1,
omtA, pksA and aflR genes was evaluated by Real-
Time PCR. The result showed that curcumin de-
creased mMRNA levels of all tested genes in both
concentrations dose-dependently (Fig. 2). In 250
ug/ml concentration, the expression of ver-1, nor-1,
pksA, omtA and aflR was affected by 7.5%, 11.6%,
15.7%, 20.8% and 106.3%, respectively. In con-
centration of 1000 ug/ml, gene expression was
reduced by 31.3%, 44.6%, 57.1% 110.9% and
286.7% accordingly. Based on the statistical ana-
lyses, reduction in the expression of aflatoxin bio-
synthesis genes examined in this study was signifi-
cant only for aflR (P<0.05).
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Fig. 2: Effect of curcumin on the expression of nor-1,
pksA , ver-1 , omtA and aflR at concentrations of 250
and 1000 pg/ml. Data are means £ SD (n=6) of two
separate experiments in triplicate sets each (P< 0.05)

Discussion

In the present study, antifungal and antioxidant
activities of curcumin was established against an
aflatoxin-producing A. parasiticus in relation to the
reduction in the expression of important key
genes of aflatoxin biosynthesis pathway i.e. ver-1,
nor-1, pksA, omtA and aflR. To date, different stu-
dies achieved to find out bioactive compounds
from plants and microorganisms with inhibitory
effect on toxigenic fungal growth and aflatoxin
production (16-19, 30). Beyond laboratory-based
studies, some researchers showed the practical
potential of plant formulations in control of afla-
toxin contamination of crops. From the study of
Bluma et al. (31), it was shown that thyme and
poleo and clove essential oils were effective to
control aflatoxigenic fungi in stored maize. In
clove and poleo EOs, AFB, production was com-
pletely inhibited at 0.982 a,, whereas mountain
thyme and eucalyptus EOs inhibited AFB,; pro-
duction at highest percentage (85-90%) in all con-
centrations used. Razzaghi-Abyaneh et al. (32)
demonstrated that carvacrol and thymol isolated
from Satureja hortensis L. strongly inhibited afla-
toxin production by A. parasiticus, with 1Cy, values
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of 0.79 and 0.86 mM, respectively. Yoshinari et al.
(27) showed that dioctatin A, a natural compound
isolated from Streptomyces strongly inhibited afla-
toxin production by A. parasiticus, with an 1C,,
value of 4.0 mM. Using RT-PCR, they showed
that dioctatin A inhibited the transcription of
pksA, ver-1 and omtA and significantly repressed
the pathway regulatory gene, aflR. In a similar
study, Yoshinari et al. (33) reported that (E)- and
(Z2)-spiroethers isolated from the essential oil of
German chamomile inhibited AFG, production
by Aspergillus parasiticus with 1C,, values of 2.8 and
20.8 mM, respectively. The authors suggested that
a possible inhibitory mechanism of spiroethers on
AFG, production was on the activity of a cytoch-
rome P450-dependent enzyme.

In the present study, we showed a potent inhibi-
tion of AFB, production in A. parasiticus exposed
to curcumin could be due to a meaningful reduc-
tion in the expression of some important afla-
toxin pathway genes i.e. ver-1, nor-1, pksA, omtA
and aflR. Previous studies showed that curcumin
is effective on the growth of some microorgan-
isms including fungi (21-23). Despite the known
antibacterial and antifungal activities of curcumin,
very little has been demonstrated about its effect
on aflatoxin biosynthesis in gene expression level.
It has also been reported that curcumin affects the
cell cycle of Candida albicans in different ranges
(23). De et al. (22) showed that curcumin inhibited
the growth of Helicobacter pylori with MIC ranges
from 5 to 50 pg/ml.

Here we showed that curcumin strongly inhibited
AFB, production in A. parasiticus in a dose depen-
dent manner by a possible mechanism involved a
meaningful reduction in the expression of some
genes in aflatoxin biosynthetic pathway including;
ver-1, nor-1, pksA, omtA and aflR. The aflR was the
most affected gene under the test condition,
which showed significant reduction at mRNA
level compared with the control. Since aflR is a
regulatory gene in aflatoxin biosynthetic pathway,
we purpose that a significant reduction in the ex-
pression of this gene in curcumin-exposed A.
parasiticus is responsible in part not only for AFB,
inhibition by the fungus, but also for down regu-
lating other genes studied in the present work.

Another explanation is the direct inhibition of all
genes tested by curcumin via affecting corre-
sponding mMRNAs expression. We reported for
the first time that curcumin reduces expression of
nor-1, ver-1, omtA, pksA and aflR in A. parasiticus in
relation to a remarkable inhibition in AFB, pro-
duction by the fungus. All together, these results
indicate that curcumin may be employed success-
fully as a good candidate in controlling of tox-
igenic fungal growth on food and feed and subse-
quent contamination with aflatoxins in practice.
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