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Abstract—Three types of media and a multiplex PCR procedure with a set of four primers were used to dif-
ferentiate between aflatoxinogenic and non-aflatoxinogenic strains of Aspergillus flavus and Aspergillus para-
siticus. Four sets of primers were the afIR, nor- 1, ver- 1, and omt-A genes of the aflatoxin biosynthetic pathway.
Multiplex PCR showed that the four aflatoxinogenic strains gave a quadruplet pattern, indicating the pres-
ence of all the genes involved in the aflatoxin biosynthetic pathway which encode for the products. Non-afla-
toxinogenic strains gave varying results with two, three, or four banding patterns. A banding pattern in seven
non-aflatoxinogenic strains resulted in non-differentiation between these and aflatoxinogenic strains.
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Production of carcinogenic aflatoxins has been
reported for members of Aspergillus section Flavi,
Aspergillus section Nidulantes and a newly proposed
Aspergillus section Ochraceorosei [1]. Aflatoxins are
toxic and carcinogenic polyketide-derived toxins that
frequently contaminate agricultural commodities both
pre- and postharvest leading to significant agronomic
losses and serious health threats to both humans and
domestic animals [2, 3]. The most important aflatoxin
producers in both medical and economic aspects are
Aspergillus flavus and Aspergillus parasiticus [4].

There are only four major aflatoxins, B,, B,, G|,
and G,, which are important natural contaminants of
crops and agricultural commodities. Among the natu-
rally occurring aflatoxins (AFs), aflatoxin B, is consid-
ered the most potent hepatotoxic and hepatocarcino-
genic agent. Aflatoxins have been detected in numer-
ous agricultural commodities, such as corn, peanuts,
cereal grains, whole wheat, rye breads, oil seeds, cot-
tonseed, and tree nuts [5].

The ability of A. flavus strains to produce aflatoxins
is reported to be highly variable; several strains are
non-aflatoxinogenic because aflatoxin synthesis may
become unstable in these fungi [6]. Moreover, the pro-
duction of aflatoxins is regulated by various environ-
mental conditions [7, 8] and nutrient sources [9].
Conventional methods using cultural media for afla-
toxin production usually distinguish perfectly between
aflatoxin-producing and non-producing strains [10].
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Unfortunately, these methods are time-consuming
and above all, as reported in the literature, they can fail
to detect some aflatoxin-producing strains because the
instability of aflatoxin production may occur in certain
aflatoxinogenic strains growing in culture media
[11,12].

Further studies are needed to develop a rapid and
more objective technique that permits clear differenti-
ation between aflatoxin-producing and non-produc-
ing strains of A. flavus and A. parasiticus. Biosynthesis
and the genetic background of aflatoxin production
are well elucidated.

An overview about the genetic background of the
aflatoxin biosynthetic pathway has been given by
[13, 14]. Two different PCR systems for rapid detec-
tion of aflatoxinogenic fungi have been described
[15, 16]. One is a multiplex system targeted against
three genes of the aflatoxin biosynthetic pathway, in
particular nor- 1, the gene encoding for the synthesis of
norsolonic acid, an intermediate in the aflatoxin bio-
synthetic pathway in A. parasiticus, which is converted
to averantin (AVN) by a reductase/dehydrogenase
enzyme; this reaction is reversible depending on
NADPH or NADH [17]. The ver- I gene encoding for
a-ketoreductase required for the conversion of versi-
colorin A (VERA) to demethylsterigmatocystin
(DMST). The involvement of omtA in the later step of
aflatoxin production has been established. This gene
encodes O-methyltransferase A or O-methyltrans-
ferase II required for the conversion of ST (sterigma-
tocystin) to O-methylsterigmatocystin (OMST) and
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dihydrosterigmatocystin (DHST) to dihydro-O-
methylsterigmatocystin  (DHOMST) [18—20]. In
the other system three genes have also been targeted
(nor-1, ver-1 and afIR); however, they are involved in
single reactions [21, 22]. The afIR gene plays an
important role in the aflatoxin biosynthetic pathway
by regulating the activity of other structural genes such
as omt-A, ver-1 and nor-1 [23, 24]. The afIR gene
encodes a sequence-specific DNA-binding binuclear
zinc cluster (Zn(II) 2Cys6) protein, required for tran-
scriptional activation of most, if not all, of the struc-
tural genes [22—24]. Ehrlich et al. (1998) suggested
that the expression of afIR was regulated by environ-
mental and nutritional factors that have long been
known to affect aflatoxin formation [25].

Multiplex PCR with four sets of primers has per-
mitted unequivocal detection of aflatoxinogenic
strains of A. flavus and A. parasiticus by the presence of
a complete pattern with four bands, thus indicating the
presence of all the genes examined which encode for
the functional products. The presence of a quadruplet
pattern for some non-aflatoxinogenic strains of A. fla-
vus indicates that the lack of aflatoxin production
could also be due to simple mutations which lead to
the formation of non-functional products.

The goal of the present work was to differentiate
between aflatoxinogenic and non-aflatoxinogenic
strains of A. flavus and A. parasiticus using conven-
tional methods and a multiplex PCR procedure with
four sets of primers.

MATERIALS AND METHODS

Eight strains of A. flavus and two strains of 4. para-
siticus used throughout this investigation, were iso-
lated from different sources such as soil, contaminated
fungal cultures, and contaminated tissue cultures. The
isolates were identified according to [26]. Identifica-
tion was confirmed by the Assiut University Mycolog-
ical Centre (AUMC).

For the determination of aflatoxins production,
three different media were used: Malt Glucose (MG),
Czapek Dox (CD) and Yeast Extract Sucrose (YES).
The spore suspension (100 pL) of each strain contain-
ing 107 spores/mL, prepared in 0.1% (vol/vol) Tween
20, was added to 100 mL of each tested medium in
250-mL Erlenmeyer flasks. After inoculation, the
flasks were incubated on a rotary shaker at 26°C for
7 days. The mycelial mat was harvested by filtering
through Whatman no. 1 filter paper. The filtrate was
extracted twice with 100 mL chloroform in a separat-
ing funnel; the chloroform layer was filtered through
anhydrous sodium sulfate. The chloroform extracts
were combined and evaporated to dryness; hexane was
added to remove fatty acids and nonpolar compounds
from the residue, which was redissolved in 1 mL chlo-
roform. Silica gel TLC plates (Sigma) were used for
the aflatoxin analysis. Fifty microliters of each sample
was spotted onto the TLC sheets. The TLC was devel-
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oped in the toluene : ethyl acetate : acetic acid (50 : 30 : 4)
solvent system. Pure aflatoxins (Sigma) were used as
the standards. Aflatoxins were visualized under an UV
lamp at 365 nm and their presence was confirmed
chemically by spraying and with 50% H,SO, and heat-
ing to charring.

DNA was extracted from 25 mg of the harvested
mycelia, which was frozen in liquid N, and ground in
a mortar, according to the protocol recommended for
the DNA purification mini kit (Fermantas, Genelet
no. K0791). A typical PCR mixture contained: 3 pL
DNA template, 6 uL. 7ag polymerase buffer, 1 x 25 uLL
primer (120 pmol mL™! each), 25 uL H,O and 1 uL
Tag polymerase (1 U puL~"). The initial denaturing
cycle was at 95°C, 3 min; and then for 30 cycles 94°C
30s; 60°C, 30s; 72°C, 30 s; and the final extension at
72°C was for 10 min. The sequences of the primers
used were as follows: norl (5'-ACCGCTACGCCG-
GCACTCTCGGCAC-3'); nor2 (5'-GTTGGCCGC-
CAGCTTCGACACTCCG-3") enclosing a 400-bp
fragment (nucleotides 501-900) of the A. parasiticus
nor-1 gene; verl (5'-GCCGCAGGCCGCG-
GAGAAAGTGGT-3"), ver2 (5'-GGGGATATA-
CTCCCGCGACACAGCC-3"), enclosing a 537-bp
fragment (nucleotides 623—1160) of the A. parasiticus
ver-1 gene; omtl (5'-GTGGACGGACCTAGTC-
CGACATCAC-3"), omt2 (5-GTCGGCGCCACG-
CACTGGGTTGGGG-3"), enclosing a 797-bp frag-
ment (nucleotides 301-1098) of the A. parasiticus
omt-A gene; aflR1 (5'-TATCTCCCCCC-
GGGCATCTCCCGG-3"), aflR2, (5'-CC-GTCA-
GACAGCCACTGGACACGG-3'), enclosing a
1032-bp fragment (nucleotides 450—1482) of the A.
parasiticus afIR gene. All experiments were repeated
three times.

RESULTS AND DISCUSSION

Identification of ten isolates was kindly confirmed
by the Assiut University Mycological Centre, Assiut,
Egypt (AUMC), where they were deposited in the cul-
ture collection. Six isolates (AUMC 9022, 9023, 9024,
9025, 9026 and 9031) were identified as Aspergillus fla-
vus var. columnaris Raper & Fennell, while two isolates
(AUMC 9027 and 9028) were identified as Aspergillus
Sflavus Link, and two, as Aspergillus parasiticus Speare
(AUMC 9029 and 9032) (Table 1). Aflatoxin produc-
tion by the strains is shown in Table 2. Of ten strains,
six (AUMC 9022, 9023, 9026, 9027, 9028 and 9031)
were aflatoxin non-producers and only four
(AUMC 9032, 9024, 9025 and 9029) were aflatoxin
producers. A. parasiticus aflatoxin-producing strains
released both aflatoxin B and G groups, while A. flavus
strains produced mostly B rather than G group. A. fla-
vus var. columnaris (AUMC 9022, 9023 and 9026)
failed to produce both aflatoxin B, and G,, while
strain 9025 produced aflatoxins B, and G, on all three
types of media. TLC analysis showed a clear differen-
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Table 1. Identification of isolates by AUMS (Assiut Uni-
versity Mycological Centre)

Alrf(l)\./[ S Identification

9022 | Aspergillus flavus var. columnaris Raper & Fennell
9023 | Aspergillus flavus var. columnaris Raper & Fennell
9024 | Aspergillus flavus var. columnaris Raper & Fennell
9025 | Aspergillus flavus var. columnaris Raper & Fennell
9026 | Aspergillus flavus var. columnaris Raper & Fennell
9027 | Aspergillus flavus Link

9028 | Aspergillus flavus Link

9029 | Aspergillus flavus Speare

9031 | Aspergillus flavus var. columnaris Raper & Fennell
9032 | Aspergillus flavus Speare

tiation between aflatoxin-producing and non-produc-
ing strains of A. flavus and A. parasiticus.

PCR was developed using four sets of primer for the
aflR, omt-A, ver-1, and nor-1 genes involved in the
aflatoxin biosynthetic pathway. Figure and Table 3
show the results obtained for the strains examined.
Bands of the fragments of the afIR, omt-A, ver-1 and
nor-1 genes could be visualized at 1032, 797, 537 and
400 bp, respectively. Seven strains (AUMC 9032,
9022,9023, 9024, 9025, 9029 and 9031) showed a qua-
druplet pattern, indicating the presence of the four
genes of the aflatoxin biosynthetic pathway; two
strains (AUMC 9026 and 9027) showed three genes,
while AUMC 9028 showed only two genes.

Table 3 compares the results obtained by PCR and
by conventional methods. There was a correlation for
aflatoxin-producing strains as regards aflatoxin pro-
duction; a complete pattern with four bands obtained
by PCR was always related to a positive response
obtained by conventional methods. For the non-pro-
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ducing strains (AUMC 9022, 9023, 9031) there was no
correlation between the results obtained by PCR and
by conventional methods. The presence of a complete
pattern in the non-aflatoxinogenic strains shows that it
is not a sufficient marker for differentiation between
aflatoxinogenic and some non-aflatoxinogenic strains.
Lack of aflatoxin production apparently need not only
be related to an incomplete pattern obtained in PCR.
This suggests that different types of mutations may
have inactivated the aflatoxin biosynthetic pathway of
these strains [15].

In the present study an additional set of primers
specific for the afIR gene was also used. This gene plays
an important role in the aflatoxin biosynthetic path-
way by regulating the activity of other structural genes
such as omt-A, ver-1 and nor-1 [22, 23]. Multiplex
PCR with four sets of primers did not result in a clear
detection of aflatoxinogenic strains of A. flavus,
although it has permitted a clear detection of A. para-
siticus by the presence of a complete pattern with four
bands, (AUMC 9032 and 9029), thus indicating the
presence of all the genes examined which encode the
functional products. The presence of a quadruplet pat-
tern for some non-aflatoxinogenic strains of A. flavus
and A. flavus var. columnaris indicates that the lack of
aflatoxin production could also be due to simple
mutations (substitution of some bases) which lead to
the formation of non-functional products. Aflatoxin
production is controlled by a mechanism of regulation
of structural gene transcription in which afIR plays a
very important role. It was shown, by a time-consum-
ing and very laborious hybridization technique [24]
that AFLR, a product of the afIR gene, regulates the
expression of the omt-A gene, a structural gene
enclosed in the aflatoxin biosynthetic pathway. They
found AFLR in all the non-aflatoxinogenic strains in
Aspergillus section Flavi examined. However, omt-A
was not expressed, even though it was present in all the
strains.

Table 2. Production of aflatoxinus by the tested strains in different types of media

B, B, G G,
Strains

C Y C C Y M Y

9032 — + + — + — + + + + +
9022 - - —/+ — — —/+ — — —/+ — — —/+
9023 - - —/+ - - —/+ - — —/+ — — —/+

9024 + + + — + + + + — + +

9025 +/— + + - + - + + +/— + +
9026 - - +/— - — —/+ — — +/— — — —/+
9027 - - +/— - - —/+ - — +/— — — +/—

9028 — — — — — — — - - - -

9029 — + + — + + + + + + +
9031 — - —/+ - - —/+ - — —/+ — — —/+

Czapek Dox, C; Malt Glucose, M; and Yeast Extract Sucrose, Y; very low —/+, low +/—.
MICROBIOLOGY Vol. 82 No.5 2013
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M 9032 9022 9023 9024 9025

M
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9026 9027 9028 9029

9031 M

L.

Agarose gel electrophoresis of PCR products. Lane M is the marker ladder.

PCR has proved to be a very precise and rapid bio-
molecular technique for detecting aflatoxinogenic
strains of A. flavus, A. flavus var. columnaris, and
A. parasiticus, although it did not always permit dis-
crimination between them and non-aflatoxinogenic
strains. Indeed, the presence of the complete pattern
with four bands in some non-aflatoxinogenic strains
did not distinguish these strains from the aflatoxino-
genic strains, in which a quadruplet pattern was always
present. Conventional methods using cultural media
for aflatoxin production distinguished perfectly
between aflatoxin-producing and non-producing
strains in the present study. Unfortunately, these
methods are time-consuming and above all, as
reported in the literature, they can fail to detect some
aflatoxin-producing strains because instability of afla-
toxin production may occur in certain toxigenic
strains growing in culture media [11, 12].

Further studies are needed to develop a rapid and
more objective technique that permits clear differenti-
ation between aflatoxin- and non-aflatoxin-producing
strains of A. flavus and A. parasiticus. RT-PCR was
used for monitoring aflatoxin production in
A. parasiticus [27]. The authors suggested that this
assay had the potential of being able to detect a num-
ber of different mRNA transcripts from aflatoxin
genes when the producing fungus was cultured under a
variety of different physiological conditions affecting
aflatoxin biosynthesis.
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It would be interesting to use the RT-PCR biomo-
lecular technique, analogous to that applied [28] for
tricothecene-producing strains of Fusarium sp., as an
important tool to differentiate aflatoxin-producing
from non-producing strains of A. flavus and A. parasit-
icus. Indeed, RT-PCR enables the study of gene
expression by allowing the detection of mRNAs tran-
scribed by specific genes owing to PCR amplification
of cDNA intermediates synthesized by reverse tran-
scription. The presence or lack of mRNAs could per-

Table 3. Results obtained by four primes PCR and compar-
ison to different media results

Strains afl R | omt-A | ver-1 | nor-1 Aﬂatoxjn
1032 bp| 800 bp | 537 bp | 400 bp | production

9032 + + + + Positive
9022 + + + + Negative
9023 + + + + Negative
9024 + + + + Positive
9025 + + + + Positive
9026 — + + + Negative
9027 — + + + Negative
9028 — + + — Negative
9029 + + + + Positive
9031 + + + + Negative
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mit direct differentiation between aflatoxinogenic and
non-aflatoxinogenic strains. In addition, several spe-
cific mRNAs may be detected simultaneously in a sin-

gle

RNA sample by multiplex RT-PCR, with the

advantage of having a unique response to the expres-
sion of several genes enclosed in the aflatoxin biosyn-
thetic pathway.
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