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Rapid Detection of Penicillium expansum Using PCR Technology
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Abstract: [ Objective] To study the fast and specific detective method of patulin-producing Penicillium expansum. [ Method]
Through pure culture of P. expansum in malt extract agar and malt extract broth, and cultivating Penicillium expansum in apples,
apple flesh and apple juice, the P. expansum DNA was extracted by using modified Cenis method. Two pairs of primers based on
isoepoxydon dehydrogenase and polygalacturonase were used to amplify P. expansum DNA, and a method to specifically and
quickly detect P. expansum DNA was established. [Result] Primers based on polygatacturonase have high specificity that only
target DNA was amplified, however, primers based on isoepoxydon dehydrogenase have poor specificity. 5X 10°ug DNA per
reaction in pure culture could be detected. The detection time (about 5 h) was remarkably shortened compared with conventional
plate culture method (about 4-6 d). DNA from apples, apple flesh and apple juice cultured with P. expansum was also remarkably
amplified with high specificity, and without interference from apple DNA. [Conclusion] The PCR method established in this study
is specific, fast and sensitive to detect Penicillium expansum, it can be used in detection of P. expansum in apple juice production and
quality control, it can also be used for tracing P. expansum contamination in processing.
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¥k (Penicillium expansum) F1H ¢ JLAH
AT TR R 250 H I 2 K T 2K & 2 5T (Canadian
Research Institute for Food Safety) WAEFI{R i .

T2 ANTP, DNA & E M EEE Roche 2
FE43, EB CRTIE AN, BOIREE O PR PR
DNAMarker 4 Invitrogen 23 &) 7= i

FEANAR W . BioRad A PCR 1, HLUKACAN
LIRSS AL S o
1.2 A&
.21 EMWER TLWEEELMLET, K P
expansum $ZFi %] Malt extract agar Fl Malt extract
broth, 30°CHEGHEFE 3~4 d, [FIH P. expansum 4%
BT ORI IR SRR AR R, RS

e IR SIS YN W= R 2D R IR LT SE TN
TWE T, 18 30°CHRMA TROGHFE 4~5 do BUREER
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T PUBE R IN 500 ul 24 1.5% SDS F10.25%
Tris, pH 8) , WG LEW KA HINA 30 min, )5
BN 500 ul phenol-chloroform-isoamyl alcohol (Z&F Lt
25:24 : 1) AHLEFIFREIIRY 10 min BLAEHL
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1.2.3 5l4#HE B X5 ET isoepoxydon
dehydrogenase (ISO) Zht3k KP4 19 F bk B
K/ 600 bp, IEMGIHHN 5'-CAA TGT GTC GTA
CTG TGCCC-3', RIn51¥)h 5'-ACC TTC AGT CGC
TGT TCCTC-3'. 2 Z X} 51~ polygalacturonase
(POL) HEPMI P — Bt R EIX B, Bevkd 3 H i Bek
/N3 404 bp, IER 5140 5" ATC GGC TGC GGA TTG
AAA G 3, Rm5I¥H4 5" AGT CAC GGG TTT GGA
GGG A 3’ (GenBank, AF 047713, 1998) ", 5|4h
g K AIRRRZZ S IR S5 OB i, -20 CHRAT
1.2.4 PCRYBEEAM PXHIYMY BEHALE 25 Wl 1
PCR & k4T, £ 5 ul DNA B4, 0.8 pmol-L™!
514,25 ul 10 £% PCR ZE 3, 0.25 pl dNTPs(100
mmol-L™") LAz 0.2 ul Tth DNA B4 (5 U™ &
TIPS, PO S R A A B
—XF51H, 94 CHIH 5 min, HRJGHEAT 40 MEIR, iR
£ 94°C 1 min, iBK 52°C 455, %K 72°C 1 min, &
JEAE T2°CHELR 5 min G5 HRAEF . 5 X0 DI EA A
i 94°CTIHA 5 min, SRJGREAT 40 NMEFL, fREE 94
C 1 min, BKS57°C 45s, %K 72°C 45 s, FJhfE
72°CHEK: 5 min 45 RAEFR
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PCR Z&AFAL,  F4 AAMIS B2y n] W— 265545 (
D, RIS 9 s A EDRE b W) J LA L
WA AN /N 38 v BAEAE, IS IR ek
B2E, AR R P. expansum & 514 .
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M. DNA Marker (100. 200. 300. 500. 1000 bp) ; 1. WikKEFRITR
DNA; 2. L PRI DNA

M. DNA Marker (100, 200, 300, 500, 1000 bp); 1. DNA from liquid broth;
2. DNA from gar plate

1 S|4 1S0 318 P expansum DNA BYLE R
Fig. 1 P.expansum DNA amplification by primers ISO

514 2 3T polygalacturonase &K )y — B AR SF
B, Wb 404 bp K/ DNA BB kB4 R
KW, x|y R AR, S, T
HA 404 bp K/ BE TEART I v BRI A7 A, ]
IS A2 5 [ H06) i R EEDRL p H LI LB DNA AT
PoHs, UEWIRZS 1% P. expansum FLA AR I S
T %5 1A B BRI DNA AN TH 35, OV
FIWILT- B WAHHE, {EXLEECE) DNA i) PCR 4
Bar=ab, e RS 1) — SRAR I n] RePE AR, DRI AE PCR
(=K b, wf DL B — AN 5 1) — SR A4k
fF4E (primer-dimers) (B 2) .

M 1 2 3 4 5 6 7 8 910 11 12

bp

100

M. DNA Marker (100 bp. 200 bp. 400 bp. 500 bp. 1 000 bp. 1400 bp) ;
1. WARE;FEITHE P. expansum DNA; 2. BiIRE5%iT#2 P. expansum
DNA; 3. P. lorylophilum CB11; 4. P. lorylophilum CB23; 5. P.
chrysogenum; 6. Aspergillius fumigatus; 7. A. flavusl; 8. A. flavus 5; 9. A.
vercicolor; 10. A. ochraceus; 11.A. niger; 12. %5 %

M. DNA Marker (100 bp, 200 bp, 400 bp, 500 bp, 1 000 bp, 1 400 bp); 1. P.
expansum DNA from broth; 2. P. expansum DNA from agar plate; 3. P.
lorylophilum CB11; 4. P. lorylophilum CB23; 5. P. chrysogenum; 6.
Aspergillius fumigatus; 7. A. flavus 1; 8. A. flavus 5; 9. A. vercicolor; 10. A.
ochraceus; 11. A. niger; 12. Control

2 S|4 POL {18 P. expansum DNA F0B TR IARI P E R
L DNA B9%E R
Fig. 2 DNA amplification by primers POL for P. expansum

and commonly occurred fungi in food and feeds

WU R I, ] A B IR R B IR kP
expansum [] DNA [¥] PCR 9 3 45 AT Wl i 2= 5+, 1
WARKE IR 5 THRAE, T HA S5 4k,

2.2 DNA IREURBI#AE # %% PCR

B FERRE ] LA 46 PCR 434 1) R B . 14 3 A

4 435 AR ARG 77 P. expansum $2HX 1) DNA £f

M. DNA Marker (100, 400. 500, 1 000. 1400 bp) ; 1. $2H0H: 2. 10"
R 3. 107 R 4. 10° SRR 5. 10° R 6. 107
RN [ 4

M. DNA Marker (100, 400, 500, 1 000, 1 400 bp); 1. Original extraction; 2.
10"'serial dilution; 3. 10 %serial dilution; 4. 10 serial dilution; 5. 10™ serial
dilution; 6. 107 serial dilution. The same as Fig. 4

3 IRBETIRIEFRFTIE DNA R 5IFEHR PCR ¥ 184 R
Fig. 3 DNA and its serial dilution amplification from agar plate
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B4 IKIERFTIZ DNA AR5 POR 4 1845
Fig. 4 DNA and its serial dilution amplification from liquid
broth

JERREI) PCR HLIK S5 4 (5149020 POL) , M AT LA
MR HE R, MEIEFIRSLEY DNA a1 %] 107
R FE, TV A FRIEAR U FL e 1 51 102 AR
PR TR 1 R R 22— AN . 42 DNA IR
SEAFEN, BB TR Y5 T DNA WKRERCK,
2901 115.6 pgml”, TR AART IR RS+ DNA ¥k
FERAG, R G BRI LY 1/4, DNA
WKL A 280.7 pgrml ™o 3P #2 [6]) DNA WJEH
U KPR 2 5 1) D DAL e AR P b A5 PR W A %
LT R TR 7 v 1 o A 38 8
2.3 P expansumFFHER . RAFIRTIZE4IE PCR
S S R R R S Rty R P expansum
9% 5 IR I DNA 9 PCR Z5 53 HI0LE 5. K 6
FE 7. BB S A 2], GRS PR A
Fl P. expansum J5 fIT# DNA 2514 POL 444, Hiik
K] EAE 404 bp AL#AA I AT AEAE, LI E AR
1T, AHHUKAAT e S IO 22 7, Ui 5 Bl
HEFD P. expansum 5 TR DNA ¥4 P. expansum
ff] DNA, {H DNA WJEAEKZES. MIE S af AW
% #|, Golden delicious F1 Granny smith R FF0 P.
expansum Ji5 T #¢ DNA [ 88 5&cav fere, L0k 4152
Mclntosh, M A\ Gala 4132 i DNA 4 6 45 5 59
ULH P. expansum 7E 5 RS rp il AR KA RO 22 5+
OV pH. BBV AE R B2 Mg ma g 2R 1) AR K, (HZe il
SE, S PR T pH ZE0A K, B 3.55
(Grannny smith) , % 3.37 (Golden delicious) ,
pH AHZEAA 0.18, [FIH 5 PP L Y0 2 & 2 el
AR, HA 1.2%, HutdElr, i pox fhaK 2= 7 i
AJHE R e A [R] SRS SR P expansum (KT AN A,

AN 3SR o M 22 5 SR, A ik —
SBHFFE T LAESS

100

M. DNA Marker (100 bp, 400bp, 500bp,1000bp, 1400bp), 1. Gala 4132; 2.
Red delicious; 3. Golden delicious; 4. Granny smith; 5. 4152 Mclntosh.
F[F] The same as below

5 S5FPERIEM P expansumiBFr 7 FTEZ DNA BYH 1845 R
Fig. 5 DNA amplification of 5 apples inoculated with P.
expansum

L oe 3 LR P expansum (K5 B TA], 5 RS
TR RN P. expansum 1577 5 T DNA ] PCR ik
Falr e (B 6) , FalrsifE LA 2R, XnhE
SE AR A 2 T e AU P expansum FRHIRHT
71, P.expansum 7£ 5 Fip R R A AR AF ARG, pr
LUR A3 P. expansum FT4 DNA [¥] PCR #1445 1
LA R

5 i LR LR P expansum J5 T DNA
W FEFE R LAY 18 404 bp K/ DNA F B, HY 5411
Foli SRS, JLT SRR IR P expansum I T de

6 5HMERRAEM P expansum¥EFFIRFTHE DNA B3
BER
Fig. 6 DNA amplification of 5 apple flesh inoculated with P.

expansum
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7 5 MERBERITIEM P expansum 1535 G FTHE DNA
B HELER
Fig. 7 DNA amplification of 5 apples juices inoculated with

P. expansum

DNA W JE—HE, #H] P. expansum 783yt g4 K
L8, NP ASIERUEFEMG R, Ea R TlE—2
W5,

AN B ] DI A A B, BFh P. expansum
MR PR AT T DNA HEAT PCR 4 #4147}
HAMmy e e, JRA BN, BA
AR I AFAE, YR A G DNA X P.
expansum DNA [ M8 A0, 20 51 A A 9EE
P PRI SR e
3 g

TE iR AT 2 A7 1) PCR DRIEAS U A5 ) 77 T, Luo
3 e B 5 e N 1 L o - e B e Sl
AT TR, FEARER B T 4 B A AR R R A A 4 )
ot . ARAED 5K 75 B A PR R I U7 T HEA T T S 50 AS
%o PETORMS 2R IS K KA e AR T O

HAIFMAC S, HAT A Patrick”, Paterson!
H1 Russel* 5% 1) PCR PR BEFT T HF5T, (HAR
S A )P B 57 )5 e DNA 3E4T PCR 1, %
AW K EERAES; LarsP T PCR FARK I T 52 244
AR EHBER, ERFEMRESE AR, A
AL IR TR RS b, GPSER L SERL AR
THEM Y 5Kk B R R 2 J5 T PCR AN, 3R45 T R 47
SESL, TR SRS AR g gk 7 A I D R R S A
FRAETT s, R n R e SO R U ¥ 5 102 5
%,

4 i

AWEFTHESL A PCR J7 3 T AP 7 A5 0 3¢

B Ty sk E #, E 25 ul (1) PCR & 41411
FM N B S 1l DNA B (5 DNA £ 5X10°
ug), 0.8 umol-L™" IE 514, 2.5 ul 10 £ PCR ik,
0.25 ul NTPs (100 mmol-L™) LAz 0.2 pl Tth DNA %
HlE (S UW™D o PHEIEIRAAT L 94CHIH S min,
SRJGHEAT 40 MEIR, 4% 94°C 1 min, iBk 57°C 45s,
WK 72°C 45's, B A5 72°C K 5 min 45 W AHH . PCR
MEIATTEE 2.5~3 ho 1%L ARG FRAGINE (4~
6 d) WA KZEME, SRR A UL E] 5X10° ug
DNA/BE R NAK R
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