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PCR detection of Aspergillus niger producing ochratoxin A
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Abstract: [Objective] Rapid detection of ochratoxin A-producing Aspergillus niger. [Methods] A
PCR procedure has been developed for the rapid detection of ochratoxin A-producing A. niger. Two
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specific primers were designed based on the nucleotide sequence of the acyl transferase (AT) domain
of the polyketide synthase encoded by An15g07920 from A. niger CBS 513.88. [Results] Specificity
was confirmed by testing primers towards purified DNA from 72 Aspergillus genus strains, including
A. niger, A. carbonarius, A. ochraceus, A. petrakii, A. parasiticus and A. tubingensis. Two specific
primers can amplify a unique band from OTA-producing A4. niger, but not from other
OTA-producing strains. However, the use of the primer pairs also allowed amplification of the DNA
from three OTA-non-producing A. niger. The quantitative real-time PCR found that the part of AT
homeotic gene of An15g07920 can be normally expressed under the OTA-producing condition in
OTA-non-producing A. niger. Therefore, the reason of false positive was not the gene can not
express. The detection limit of the developed PCR protocol was 25 pg for DNA templates and about
4.0x10°-4.0x10° spores/g when it was evaluated directly on artificially inoculated food.
[Conclusion] The developed PCR procedure could be used for rapid detection of OTA-producing A.
niger and is a promising tool in the prediction of potential ochratoxigenic risk for 4. niger in foods.

Keywords: Ochratoxin A, Aspergillus niger, Polymerase chain reaction, Detection
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Table 1 Aspergillus strain used to evaluate the primers specificity

Strains OTA ATFR li”r[lrsnlif ; Strains OTA ATFR li,i,lglle/zs
A. niger 1062 + + + : A. niger 4 + i 4
A. niger A14 + + + : A. carbonarius C14 + +
A. carbonarius 3.146 + + : A. carbonarius 3.147 + +
A. niger ATCC1015 + + 1 AnigerAl +
A. niger A2 + : A. niger A3 +
A. niger A4 + + : A. niger A5 + +
A. niger A6 + : A. niger A7 +
A. niger A8 + : A. niger A9 +
A. niger A10 * : A. niger All 4
A. niger A12 + | AnigerAld +
A. niger A15 + | AnigerBl +
A. niger B2 + : A. niger B3 +
A. niger B4 + : A. niger BS +
A. niger B6 + : A. niger B7 +
A. niger B8 i : A. niger B9 +
A. niger B10 + : A. niger B11 =
A. niger B12 + i A. niger B13 4
A. niger B14 + : A. niger B15 4
A. nige C1 A : A. niger C2 +
A. niger C3 + : A. niger C4 4
A. niger C5 + : A. niger C6 4
A. niger C7 + : A. niger C8 4
A. niger C9 + : A. niger C10 4
A. niger C11 + : A. niger C12 4
A. niger C13 + : A. niger C15 4
A. niger C16 + : A. niger C17 +
A. niger C18 + : A. niger P1 +
A. niger P2 + : A. niger P3 4
A. petrakii K1 + : A. niger P6 +
A. petrakii K2 + : A. niger P7 +
A. petrakii K3 + : A. niger P8 +
A. tubingensis 03 + : A. niger P11 4
A. tubingensis 08 i : A. parasiticus V1 i I
A. tubingensis 09 + + : A. parasiticus V2 +
A. tubingensis 11 + + : A. parasiticus S1 +
A. tubingensis 12 + : A. parasiticus S2 4
Note: +: Positive test results; — Negative test results.
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(Aspergillus tubingensis)
3.147

3.146  Mix DNA Marker III ( )

Cl4 1062 JY-SPCT
Mastercycler nexus PCR Eppendorf
1.2 EHRE PCR LightCycler*480
PDA [16] PCR
1.3 FERFIFLE 1.4 514t
GenBank (http:www.ncbi.nlm.nih.gov)
PCR OTA (PKS)
( ) RNA ClustalW (http:www.ebi.ac.uk)
PCR DNAMAN
( ) RNAprep Pure Plant Kit Clontech PKS AT
BD SMART PCR cDNA Synthesis Kit (D CBS 513.88 PKS AT
Applied Biosystems SYBR Green Master (GenBank CAK42679)

gi | 134082848 573-886
gi| 329563578 | gb | AEB91968.1 |
gb| AAT92023.1| _513-821
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VETGQGANWAGMACDMLRY . ELERRRIQEBAAYLRELG. . . . SGWDLE . ERMTSKAGELDEPTFAQSSCVAVQVALY 71
LOEPTERQSSCVAVQVALV 23

TFTGQGRNWAGMAQDLMVY . FLERRRIHEAAMFLRGIG. . . . CQWOLY . DRITSQHGCLNEPTFAQSSCVAVQIALVY 7,
VETGQGAQWYAMGRQLMEQSPIFLQTLQRADQVLEALPDGFQWSVVEE . LSRTKEASQLSQTHLSQPICTALQLATL 76

TEVESGHGAQWADMGRQLLEN .RMEYDTVASLDFIV....... KREMEFS.ALDSFESGDEMASDRIQVLTYLEQVGEM 70
DLLASWEV EHISRQRAAWKVAFCRGRVCARRTDGQG . . RMLAARMPVHQLERVY . ARVNRG 147
DLLASWEYV HBYCRGHISRQARWEVAFCRGEVCARRTDGQG . . RMLAARMEVEQLERVVERE 100
DLLESWEV GKISRQAAWKTAYCRGQVCARQTHEDG. .RMLAARMPAQELERLL .ARINKG 143

v GRISRQAAWK IAYCRGQVCARQTHEDG . . RMLAAAMPAQELERLL . ARLNEG 69
DLLHSWEI YCAGRISRQTAWKVAYCREQVCAKQTHEDG. . RMLATAMFAEELERLIERAH 84
DLLHSWEV GKISRQAAWKVAYCRGQVCARQTHEDG. .RMLAARMPRQELERLI .ARVNERG 147
ELLKTHGV GILSFESAEMYARYYRGLHMSNGAAKRAGPDAIPGAMMAVGLGESER .RRELQP 154
AVLLDSLEGE GCLTFREGRALIVIRRARLYQS........ MIGLGAMAVVYRPFEE.MKQELD 140

QPTSVRIGCYNSERNLTETGRYCOIZRLELELDDVGALNEMLEY . KVBYESCYMQUARPEYLSLEGEILDGEOTIERDAS 226
B.ARVNEGQETSVEIGCYNSPRNLTLTGRYDDILELKLELDDVGALNRMLEVEAEE . KVAYHSOYMQDARPEYLSLLGET 178
LCSAVQVECYNSERNLTETEQHESILQVEGELDEAGVLNRLLEY . KVAYESRFMREVAPEYLELEGD . LOFGORMTOHAR 221
LCSAVQVECYNSERNLTLTGQHESILQVRGELDEAGVLNRLLEY . KVAYHSKFMREVAPEYLELLGD . LOEGDRMTOHAR 147
L.ARVNEGLSSAVQVGCYNSPRNLTLTGRHEGILRVRGELDEAGVLNRLLEVEAEL . KVAYHSTEMRQVAPEYLELLGD. 161
LSDGNQVGCYNSERNLTETERAERILRVKGELDEAGVINRLLEY . KVBYES IFMREVAPEYLETLGD . LEFGDRINEDSG 225
YHGRAVIAAVNSESSVTLSGOECAILEVQQSLERRRIFARRLQY . AQRFESHEMFELAPAYARALNECVGESEQRSORA. 232
VRTDEVAAINSSESSCVLSECLQPLETFCKSLNDREIKTMRVRT . DCIAFEEENLTALVERPLIIALEGL 207

IQMISSVIGQFVERAG . DVQQASYWVENLVSEVRECTALLASMEFFGTTGRREDTEIEIGPESTLRS . AIKESFREVEEYQ 304
LDGGDTIHKDASIQMISSVIGQEVEAGBAER. DVQQASYWVKNLVSFVRECTALEASMEFPGITGKREDTLIEIGEHSTL 257
VTMISSVTGRHALAG.EVESPSYWVDNL ISEVRESTALLTSMQTQSQKSPSONARIEIGPHSTLRT . AINETLADQPTLQ 299
VIMISSVTGRHALAG.EVESPSYWVONL ISEVRESTALLTSMQTQSQKSPSONARIEIGEHSTLRT . AINETLADQPTLQ 225
LDLGDRINQEVGVIMISSVIGREALAGBAHL . EVENALYWVNNLVSPVRESTALETSMRTENINGSREDALIEIGPEATL 240
ITMISSVTGRFSLEG.EVESPSYWVONLVSEVRESNATLASMKTFOTAGSAEDARIEIGPHSTILRS . AINETLSEHS 300
-RMESSVTZR .VADA .EQMGAAYHTANMTGTVRESDALVG . ILIDDSENQNVOVEVEIGEH 289

E 1 OTA %83 PKS B9 AT Z5#313 80 b3t 5 5| 4i% 3%

Figure 1 Partial alignment of AT domain sequence with PKSs related to OTA biosynthesis and primer selection

Note: The arrow indicates the selected primer pairs.
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Primer Premier 5.0
15AT-F (5'-CGGATGACCTCTAAAGCAG-3')
15AT-R (5'-TCTCGTTTGCCTGTCGTT-3')
ITS1 (5-TCCGTAGGTGAACCTGC

GG-3") ITS4 (5'-TCCTCCGCTTATTGATATGC-3")
ITS
CBS 513.88
pks AT (GenBank

CAK42679)
md-F (5-CGGATGACCTCTAAAGCAG-3")
md-R (5-GAAGAATGTCCCACCACC-3")
134 bp b-tubulin
b-tubulin-F (5'-CTTCTGACACGCAGGATAG-3")
b-tubulin-R (5~-ACGGCACGAGGAACATAC-3")
1.5 DNA HJ#2El5 PCR # &

100 mL
PDA 30 °C 200 r/min
1-2d
- DNA PCR
25 uL 1 uL DNA 2.5 uL 10xPCR

2 uL 25 mmol/L MgCl, 0.5 pL 10 mmol/L dNTPs
(20 mmol/L) 0.5puL 0.5 uL Tag DNA

(5 U/uL) PCR
95°C 5min 94°C45s 54°C45s 72°C
60s 35 72 °C 10 min 1%
PCR DNA
DNA pMDI18-T Easy

E. coli DH5a

1.6 RNA REIE I E= PCR
PDA 25 °C 4d
RNA RNA OD
1.5%
RNA

cDNA
PCR
md-F/R  b-tubulin-F/R 25 uL
SYBR® Premix ExZug™ II 12.5 pL PCR

—20°C

Forward primer (10 pmol/L) 1 pLL PCR Reverse
primer (10 umol/L) 1pL (100 ng) 2 ulL
8.5uL 95°C30s 95°C15s 60°C
30s 72°C30s

40 2744CT

1.7 55T

1 72
DNA PCR ITS
1%
1.8 REUEITFM
1062 DNA PCR
50 ng
A3 DNA 1062
DNA PCR
1.9 FEAILSFERSERENHEYRH
3 1062
PDA 25 °C 5d
2.0x10>-2.0x10"  /mL
5¢g 7
6 I mL
2h
10 mL
4°C 12000 r/min 10 min
500 uL TE 12 000 r/min 10 min
50 uL 95 °C
10 min 10 min

15AT-F/R PCR
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2 HEREWN ITS 15AT-F/R
2.1 HWiNEFRE
OTA ITS1/4
OTA 2.2 HN{ERPAMELE R S
OTA 1015 A4 A5
3 3 OTA
(PKS) RT-PCR
(NRPS) Anl15g07920 AT 3
(CPO) 1062 1
071 AT PKS 4
AT A4 A5
CBS 1062
513.88 OTA 1015 A4 A5 OTA
Anl15g07920 Anl15g07920 AT OTA
OTA [18] pks
OTA [15-21] OTA
CBS 513.88
An15g07920 AT 23 MR HE
15AT-F/R 72
PCR 2 3 DNA PCR
2 3 1 OTA 3 DNA
698 bp PCR 1062
3 A3 15AT-F/R
72 PCR 5

bp M1234567891011121314151617181920 21222324

El2 35149 15AT-F/R X3R5 EHk DNA R PCR # 15 Ei%
Figure 2 The electrophoresis image of PCR amplification with primers 15AT-F/R
M DNA marker III 1-6 1062 4 A4 A5 Al4 ATCCI015 7-9 Cl4 3.146 3.147 10-24
Al A2 A3 A6 A7 A8 A9 Al0 All Al2 Al13 Al5 Bl B2 B3

Note: M: DNA marker III; 1-6: 4. niger 1062, 4, A4, AS, A14, ATCC1015; 7-9: A. carbonarius C14, 3.146, 3.147; 10-24: A. niger Al, A2,
A3,A6,A7,A8,A9,A10,A11,A12,A13,AlS5, B1, B2, B3.
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bp M1234567891011121314151617181920

3 3149 ITS1/4 3$ERS B 4K DNA A9 PCR # 18 E %
Figure 3 The electrophoresis image of PCR amplification
with primers ITS1/4

M DNA marker III  1-20 1062 4 1015
Al A2 A3 A4 A5 A6 A7 A8 A9 Al0 All Al2
Al3 Al4 Al5 Bl B2

Note: M: DNA marker III; 1-20: 4. niger 1062, 4, 1015, Al, A2, A3,
A4, A5,A6,A7,A8,A9,A10,A11,A12,A13,Al14,A15, B1, and B2.
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Figure 4 Relative expression of the part of AT homeotic
gene of An15g07920 in different A. niger strains

bp M1 2 3 4 5 6 7 8 9 10 11 12 13 14

5 WIEFAMTHEFEB)SFME TR R BN EE

Figure 5 Detection sensitivity of genome DNA under the pure culture (A) and the presence of interfering strain (B)

M DNAmarkerII A 1-13 50 25 10 5 1 05
14 50ng A3 DNA.B 1-8 50ng A3 DNA
1062 DNA 9 50ng A3 DNA.

Note: M: DNA marker III; A: 1-13: 50, 25, 10, 5, 1, 0.5, 0.25, and 0.1 ng, 50, 25, 15, 5, and 1 pg of 4. niger 1062 DNA; 14: 50 ng DNA
from A. niger A3. B: 1-8: 50 ng of DNA from 4. niger A3 were mixed with 5, 2.5, 1, 0.5 and 0.1 ng, 50, 25, and 15 pg of 4. niger 1062 DNA,;
9: 50 ng DNA from A. niger A3.

025ng 0.1 50 25 15 5 1pg 1062 DNA
525 1 05 O0lng 50 25 15pg
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5 1062 24 ALBRR&=mHPE5EREN
DNA 15 pg 15AT-F/R PCR
PCR 1062
PCR 15 pg 5g
1062 DNA 50ng DNA
A3  DNA 1062 DNA 15AT-F/R PCR
25 pg 15AT-F/R DNA
PCR PCR
DNA PCR
25 pg 6
- bp M 1 2 3 4 5 6 7 8 . bp

4500
3000
2 000

1200
800
500

200

bp M 1 2 34 5 6 7 8 bp M 1 2 3 4 5 6 7 8

4500
3000

2000

1200
800
500

200

6 514 15AT-F/R Xt mE 0 DNA A PCR & E %
Figure 6 The electrophoresis image of PCR amplification with primers 15AT-F/R in different samples
A B C D .M DNAmarker Il 1-6 2.0x10°-2.0x10"  /mL 1062

7 8 1062

Note: A: Apple; B: Grape; C: Peanut; D: Almond. M: DNA marker III; 1-6: DNA from food inoculated with 2.0x10°-2.0x10" spores/mL of
A. niger 1062, respectively; 7: DNA from food without inoculation 4. niger 1062; 8: DNA from 4. niger 1062.
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