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Progresses on research of secondary metabolite and regulation of
primary mycotoxins in Aspergillus flavus

WANG Hou-Miao LIAO Bo-Shou” LEI Yong HUANG Jia-Quan YAN Li-Ying

(Key Laboratory of Oil Crop Biology of the Ministry of Agriculture, Oil Crops Research Institute of Chinese Academy of
Agricultural Sciences, Wuhan, Hubei 430062, China)

Abstract: Aflatoxin (AFT) contamination caused by Aspergillus flavus, a saprophytic aerobic fun-
gus, in several crops such as peanut, maize and cottonseed is considered as the most serious factor
influencing food safety concerning animal and human health worldwide. Whole genome sequences
of A. flavus have been released and the genome size is about 37 Mb on 8 chromosomes encoding
over 13 000 functional genes. In the whole genome sequences of A. flavus (NRRL3357), 55 putative
secondary metabolite clusters have been identified based on backbone enzyme gene analysis by
SMUREF, and only three secondry metabolite clusters including AFT, cyclopiazonic acid (CPA) and
aflatrem have been characterized. The above three secondary metabolite clusters are regulated by
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different environmental factors, secondary metabolite regulators, enzymatic activity, oxylipin and
quorum sensing. AFT, CPA and aflatrem biosynthesis are inhibited by the global regulators, LaeA
and VeA, in secondary metabolism. A family of oxylipin-producing oxygenases and their products
encoded by ppo and lox can regulate sclerotia and conidia production and secondary metabolism in
A. flavus. The profile of secondary metabolites could be influenced by variation of fungi density be-
cause higher fungi density will induce higher sporulation with decreased AFT. Most strains of A.
flavus can produce numerous hydrolytic enzymes including o-amylases, pectinases, proteases, and
lipases, which are believed to be important for fungal infection and virulence to host tissue. Further
research on regulation of secondary metabolism and mycotoxins produced in A. flavus are also dis-

cussed.

Keywords: Aspergillus flavus, Mycotoxins, Secondary metabolite, Regulation
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1 EMBESFRUZEMRX

Figure 1 Chemical structural formula of the primary aflatoxin
SIGMA (http://www.sigmaaldrich.com/china-mainlan d.html)(2013-12-30).

Note: The chemical structural formula of the primary aflatoxin derived from the SIGMA web site (http://www.sigmaaldrich.com/china-mainland.html)
(2013-12-30).
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Table 1 Whole genome sequence information of some species in genus Aspergillus

Species sI:;)Lllzttfcfzrg Genome size (Mb) GC percent (%) Number of genes N:;gzei;:f

Aspergillus flavus NRRL3357 36.89 48.4 13 485 13 485

Aspergillus nidulans FGSC A4 29.83 50.4 10 597 10 534
Aspergillus oryzae RIB40 37.12 48.3 25272 24 880
Aspergillus oryzae 3.042 36.58 48.3 11 640 11397
Aspergillus fumigatus AR93 29.39 49.8 9 969 9 650
Aspergillus fumigatus Al1163 29.21 49.5 10 176 9 948
Aspergillus fumigatus AF210 28.90 49.3 53 20
Aspergillus terrus NIH2624 29.36 52.9 10 551 10 401
Aspergillus niger CBS513.88 34.01 50.4 11 408 11182
Aspergillus niger ATCC1015 34.85 50.3 10 947 10 950
Aspergillus clavatus NRRLI1 27.86 49.2 9379 9121

Aspergillus sojae NBRC4239 39.77 48.1 = =
Aspergillus kawachii IFO4308 37.11 49 11488 11491

NCBI (http://www.ncbi.nlm.nih.gov/genome/)(2013-10-11).

Note: Aspergillus genome sequencing information in Table 1 is derived from the NCBI website (http://www.ncbi.nlm.nih.gov/genome/)
(2013-10-11).
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Table 2 Secondary metabolite clusters in Aspergillus flavust

LaeA
Cluster number Location Backbone enzyme Decorating genes LaeA regulation Secondary metabolites
1 IVR PKS 9 Yes
2 IVR DMAT 8 No
3 IVR NRPS 1 NA
4 IVR NRPS 4 Yes
5) IV R PKS 3 Yes
6 VIII L NRPS 12 Yes
7 VIII L NRPS-like PKS-like 10 Yes
8 VIII L 2NRPSs PKS 9 No
9 VIII L 2NRPSs 10 No
10 IV L Arpl 3 No
11 IIR NRPS-like 11 Yes
12 IR NRPS-like 3 Yes
13 VII L NRPS 4 No
14 VII L IroE-like 2 No
15 VII L DMAT 12 Yes
16 VII L sidA/sidR 1 No
17 IL PKS 2PKS-like 9 No
18 IL NRPS-like 6 No
19 VL DMAT 6 Yes
20 VL 2PKS 10 No
21 VIR 2NRPS ETP-like 36 Yes
22 VIR NRPS 6 Yes
23 VIR PKS-NRPS PKS 17 Yes
24 VIR Pes1 PKS 3 Yes
25 VIR NRPS-like 8 Yes
26 IR PKS-like 2NRPSs-like 12 No
27 IR PKS 5 Yes
28 IR NRPS-like 5 No
29 IR DMAT 2 No
30 VR DMAT NRPS 6 Yes
31 VR NRPS-like 14 Yes
32 VR GGPP 19 Yes
33 V R 2NRPSs-like  PKS 8 No
34 VIL NRPS 8 No
35 VI L NRPS-like 5 Yes
36 1L 2PKS-like 7 No
37 1L NRPS-like 3 No
38 1L PKS 3 No
39 1L PKS 5 No
40 1L PKS 9 No
41 VIIR PKS 3 No
42 VIII R PKS 11 No
43 VIII R PKS-like DMAT 18 Yes

http://journals.im.ac.cn/wswxtbcn
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«C )
44 VIII R PKS 5 No
45 VIII R NRPS-like 16 Yes
46 VIII R 2PKS No
47 VIII R NRPS-like 5 No
48 VIII R NRPS-like 19 Yes
49 L 2PKS-like 6 No
50 L PKS 7 Yes
51 IIL PKS 5 No
52 IIL PKS 7 Yes
53 IIT R NRPS 8 No
54 IIT R PKS 30 Yes
55 IIT R DMAT PKS-NRPS 4 Yes CPA
LaeA .NA

Note: LaeA regulation is indicated based on up- or downregulated at least two genes in the same cluster by LaeA in microarrays. NA: No

data available.
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Figure 2 Clustered genes and the aflatoxin biosynthetic pathway!?*!
30 3 CPA

Note: The aflatoxin cluster is composed of approximately 30 different genes and is located near the telomere of chromosome 3, the telo-
mere distal from the CPA cluster. The new names for each gene are shown on the left and the old names on the right. NOR: Norsolorinic
acid; AVN: Averantin; HAVN: 5-Hydroxyaverantin; OAVN: Oxoaverantin; AVNN: Averufanin; AVF: Averufin; VHA: Versiconal hemia-
cetal acetate; VAL: Versiconal; VERB: Versicolorin B; VERA: Versicolorin A; DMST: Demethylsterigmatocystin; DHDMST: Dihydro-
demethylsterigmatocystin; ST: Sterigmatocystin; DHST: Dihydrosterigmatocystin; OMST: O-Methylsterigmatocystin; DHOMST: Dihy-
dro-O-methylsterigmatocystin; AFB1: Aflatoxin B1; AFB2: Aflatoxin B2; AFG1: Aflatoxin G1; AFG2: Aflatoxin G2.
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Cvclopiazonic Acid Aflatrem

3 FEMERMEMSRERMNLFEHR
Figure 3 Chemical structural formula of the cyclopiazonic acid and aflatrem
SIGMA (http://www.sigmaaldrich.com/china-mainland.html)(2013-12-30).

Note: The chemical structural formula of cyclopiazonic acid and aflatrem derived from the SIGMA web site (http://www.sigmaaldrich.
com/china-mainland.html)(2013-12-30).

5kb
90
e e e s I I A A |
o & N P DO D o oS¢ D
d&&@* & \\&0&“& phs/nrps c\‘& \@3 <<\°+ eQ‘So)* i o\;& o‘6 o"b o‘6 &‘& @‘?«\ w\\& & é\bc

B4 IROCHT R ER R RAR 5t E AR
Figure 4 Schematic representation of the CPA gene cluster in A. flavus NRRL 3357
CPA AFT norB  AFT CPA

Note: The CPA cluster is located telomere proximal from the aflatoxin cluster, and the norB gene marks the end of the aflatoxin gene
cluster. Proposed cyclopiazonic acid biosynthesis genes are shown in red.
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http://journals.im.ac.cn/wswxtbcn



1433

A > b b & 9 Q 5 o A
Q Q Q Q Q Q N N N N
FFEE F O S OES *“\ MO
A M S vy & g AN N
'-'-"_- H A. niger contigs 5, 11,
- e | Ol
<@-)—mm)- 4. clavatus contig 78
) )-E—(E— ) 4B—8—mm)- V. fischeri contigs 576 and 578
A. fumigatus chromosome 7
'-'-"_-'.'-' A. terreus supercontig 9 2 kb
- -4-EN) 4N~ /. nidulans contig 112
B S Q S N
qu' N &\\Q &g S N Yig Yﬁg’

-&m—a)—@- . clavatus contig 87
—4—8)— 4. fumigatus chromosome 2
—@—8)—-@ N fischeri contig 580
~&Em—8)- /8- /. terreus supercontig 15
)@@ . nidulans contig 104
L~ A. niger contig 18

5 HEFREMBEEMERRNREERZRIELE
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A. oryzae (RIB40) and syntenic regions from other Aspergillus genomes'®”!
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RIB40. Proposed aflatrem biosynthesis genes are shown in red, and homology exists over the areas covered by the shaded bands.
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