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Development of a multiplex PCR-DHPLC method for the rapid detection of
enterotoxins genes in food-borne Listeria monocytogenes
QIAN Yun-kai, WANG Hai-yang, XIAO Yan-xia, GAO Fei, LI lin,
ZHANG Hui-min, WU Xi, ZHANG Jin-jie
( Qinhuangdao Entry-Exit Inspection and Quarantine Bureau, Hebei Qinhuangdao 066004, China)

Abstract; Objective To establish a quick checking method of enterotoxins genes in food-borne Listeria monocytogenes by
multiplex polymerase chain reaction (MPCR) and denaturing high-performance liquid chromatography (DHPLC). Methods

Primers for detection of hly, prfA, inlA and inlB were designed and PCR system was optimized. Products were detected by
DHPLC for quick detection. Thirty-two strains were tested with PCR method, sensitivity was determined with various
concentration of standard strains. Results The peak order of PCR products was inlB, hly, inlA, prfA, and amplified
fragment size was 146, 210, 255 and 388 bp respectively. This method has good specificity, and the lowest amount of

detecting was 280 cfu/ml. Conclusion This method can well meet the requirements of actual food microbe testing.

Key words: Listeria monocytogene; virulence gene; DHPLC; MPCR; food-borne pathogen; food safety
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PR AN B4 A AT RE T (L. moncytogenes , VAT
PRI TR T ) 2 N F L SR I BUR I, 28
PERIN AR AR, BB 28 BTE 3 0 2 I ki A TG 4 =1
BRBE AT RBOE WA IR e I | A
PEARIE 20% ~30% 2 AN A% PR 18 PR35 A
AR N A Tz AR AR pH T BRI, 0K
RV T2 N N RE 22 12 A0 1 B0, A I 2 v VR B v
LAY B IR RO I, 5 TS e A B A L TG
AT W5 KT R BRI DR
ATAFE R I A T ¥ L VR T T B R SR AR PR
&, i H B 2 20 R A T XU 1 R i
ey, S A P B 2 A T S R ) B v R
Ol H ™ It JG R £ T G R ARG 1)
RIEVPTTEE . EAT, EBR L% v s 4=
e A T G T AR S ) B B 2R R T A
T2 3 i T AR Fm v b i AL I I H

BRI T i B A ) B AR R TERY
HR IR, (ELA ] A Y58 ) B0 484 2 B0 e T B ) 22 S
R iy PR O A b B B0

ZR TR AT P A58 IR ) 25 S8 4 TR ) A 4 T
PR 2 A, 3B WIS G IR, D S A0 R R A A
[ 1 AR P R R A 3 ( denaturing high-perfor-
mance liquid chromatography , DHPLC ) J& T 4F 75 £ /i
Tl W A5 U ST R DR L B A A% IR 23 BT A4 5BT J
W, 2 PCR S 2 AL N (1 £ 5 ) B K ]
IR , AT AR AN 388 535S 0 D7 v 7 DR A ) 2ot
R R ARRE S PR D3 7 A 548 BH P 1) LA B H Bs
O PR 25 2 A S 3 S 1 I P I AT 8 oA 00 £
HERPE, L, AR IS T 2 H PCR-DHPCL R
SRR I B 200 48 A 2 iR TR 7 ) BRI A T %

1 #MR57FE

1.1 #8
11,1 iRE kR

AL 2 MR TR s A TR R 3 o B T S A
LR DR O e [ A 0 T i I g 3 LAl 7
ARSI = A3 S R R [ R A 928 B A B
‘WE T,

#1 AR LG

Table 1  Test strains and their number
[k LT 4 Rtk E 3 Ko/ bk
AT M A 2SR Listeria monocytogenes CICC 21639 o B Tl A A v o O 1
PR AN A B A 2RI R TR Listeria monocytogenes ATCC 19115 o A v A 1
PO N G AL A R T Listeria monocytogenes QHDCC 130304-130313  ARSZH %4385 bk 10
PRI T Listeria ivanovii CICC 21663 A Tl A W T R DR 1
G AT Listeria innocua CICC 10417 ] T Al A 4 A A DR R 1
R W TR Listeria welshimeri 10CC 22261 KR g % 1
VR Z= i B Listeria seeligeri 1QCC 22229 SR B I 3% 1
s IR TR 1A Listeria grayi 1QCC 22228 TR 18 1% 1
L w2 BT Staphyloccocus aureus CICC 21676 o b e A 0 TR R R O 1
AR Staphyloccocus epidermidis CICC 23664 ] T ARl A 4 A A R 1
SRESUT NN Salmonella typhimurium CICC 10420 T Aot A 4 T A ORI 1
NAIE-SI$ImN:s Salmonella arizonae CICC 21506 T At A 4 T AR 1
KRCEHH Shigella sonnei CICC 21535 o ] A A A= W o R P O 1
H P K A5 #0157:H7 Enterohemorrhagic Escherichia coli CICC 21530 o T AR A ) A AR 1
R TH Salmonella enteritidis 50041-15 o A W R AP 1
BV 1 R P Vibrio parahaemolyticus ATCC 17802 o [ i A P v Y 1
B9 Vibrio vulnificus 1QCC 12306 oA e i 3% 1
EGRLYTH Salmonella choleraesuis 1QCC 10502 K B e 1% 1
ZEHEIRT Streptococcus faecalis 1QCC 42204 R e 18 1% 1
5 055 fig KT Enterobacter sakazakii IQCC 10403. 17 KB e 1 1% 1
WE PAEE BR A Streptococcus thermophilus 1QCC 22113 KBk e 1 2% 1
R ZE AT Bacillus cereus 1QCC 22711 KRk B 18 1% 1
A A1 P T Pseudomonas Aeruginosa 1QCC 12625 FRk e 18 1% 1

112 FEAERSE0

PCR System 9700 &[4 14 (3£ [E ABI) \WAVE
4500 25 E RO (S Transgenomie ) ,

Y SE R 2H DNA 2 HUAGH & TIANamp Bacteria

DNA Kit( KARZAFE]) , 518 PCR A H] Premix Taq .2
# PCR i 7] Multiplex PCR Assay Kit, DNA #5 #fE
(DI2000) #11 [ Ki% TaKaRa 2\ ), = i 2 Bk L
(TEAA , {434l | 3¢ [F Transgenomie) , Z i (A 354]



22T PCR-E M R AR €0 5 DR AS: D0 PP 20 B 094 A 2 T 8 ) TR 7 ik R e 7

CE —143—

2£[H Fisher) ,100 bp DNA Ladder (#3544 T #220
A, PR AU R T PCR-DHPLC #6100 (9 51 4 6 41)
W 2, 519 K% TaKaRa 264 h,

#2 ZHE PCR AN H I
Table 2 Primer of multiplex polymerase chain reaction

UK 2%

N 519 519751 S ik

inlA  inlA-F CCTAGCAGGTCTAACCGCAC 255 [6]
inlA-R GTGTAAGATCGCTAATTTGG

inlB inlB-F AAAGCACGATTTCATGGGAG 146 [6]
inlB-R ACATAGCCTTGTTTGGTCGG

hly — hly-A  CGCAACAAACTGAAGCAAAGG 210 [8]

hly-R TTGGCGGCACATTTGTCAC
prfA prfA-F GAATGTAAACTTCGGCGCGAATCAG 388  [9]

prfA-R GCCGTCGATGATTTGAACTTCATC
1.2 ik
1.2.1 FE#k DNA fHREL

W HAN P RS 29 1 ml, SRR DNA S B0 5
EILIUNH DNA, —20 CARTERA G
1.2.2 5|t 5 Ok &k

ZWESCHR[ 6.8 9] 5 SN/T 2641—2010¢ & i
H LB AT PCR-DHPLC 36 ) 1107 r B 245 Hip 4
BN RERY HBI WP 55 S i nl gErE & 2
# PCR 5149, LAIA]—BEAR , 4 18 1 51 ) 7 [ 25
ZMF R RO, TR AE S W LA K5 | e B HOAE, 1
PR S WAL A, SR )E AT 3G R A
R B R, 55 15 R e R g A

AT PCR W AAZR AR DNA 1.5 ul 10 wmol/L
b RIS 19945 1wl Premix Tag 12.5 pl, JCH#EBLEKAD
FEEMRFL 25 ul, £ PCR V1A R BH DNA
3l 10 pmol/L b FiE5I#3E 8 ul (4 X514 4%
2 pl) Multiplex PCR Mix 2 4 12 pl Multiplex PCR Mix
140,12 wl, JC T #8 46 K % 76 2 SRR 25 ul,
PCR JZ i Z51F .94 °C FAEYE 3 min;94 CAEME30 s,
55 CiBk 45 5,72 °CIEAH 60 5,35 MEH ;72 °C iE
17 min,4 CARAF RN =4,
1.2.3 DHPLC 414

Be il 22 vh . 22 "W A A 50 ml TEAA,
250 wl O, BB FKERZR 1 LiZZMIEW B N
50 ml TEAA,250 ml ZffE , B TKEREL L,

FF PS-DVB & C,; DNASep {584} (4. 6 mm x
50 mm, K7 3 pm) , FEIR 50 °C, B EE BRI 418 W
3, %A 0. 9 ml/min, YEEY DNA 7E 260 nm i
AT AR I, A3k PCR 729 10wl
1.2.4  FemtEids

R 1 PR A R B 2 TR PR AR PR R A 2 S
BRRING 20 BRIRIGHERR, 245355, i 1 MR,
FEH8 1.2.2 A1 1. 2.3 #4T PCR-DHPLC 5 PERE

%3 DHPLC BiEVE T
Table 3 Program of gradient elution of DHPLC

it 5]/ min LRI A/ % LR B/ %
0.0 55.0 45.0
0.5 50.2 49.8
3.6 41.8 58.2
6.8 38.2 61.8
9.9 36.3 63.7
13.0 35.0 65.0

1.2.5 HHHAR

W 1 T 10 HR BRI 2RI RR BR 40 2 A R
SR FRIB 1. 2.2 1. 2. 3 #k4T PCR-DHPLC #
PPEIRLS
1.2.6  REEEAK

VECPR 3 2= 3 R T bR U TR bR (ATCC 19115)
36 CH535 24 h, I OD 1, M B W W B, R
P 10 R540 BERG R B 1 R 6 BE 00 TR VR kA T AT
B, EE 3R BOE A 2 IR E . A
PRLVRCR FH R G B8 BUE T 25 Bl DNA | 4T PCR-
DHPLC #aI , B A I 235 51 5 7 M -2l SR b e, 1
SEITIEW RIE
12,7 N5 G e i R R

B4 R bt DU VR 40 T3 1A o & v 4 K =L
FEHFESA 25 g, INAF] 225 ml LB1 S EHH, 7¢
TR BUH AR AE B BRE B AR 500 wl, fin A 21 3%
FW T ,37 CHR% 1555 18 hy WS 1 ml 1T
DNA #5422 B8 1.2.1 Jr I $2 BL, PCR J I % B&
1.2.2 J5ik ,DHPLC F445 8 1. 2. 3 JrikiftfT,

gR

2.1 PCR ¥4 DHPLC /) 545

W5 PO 22 T4 1R 2 0 3L X kly (210 bp) L prfA
(388 bp) .inlA (255 bp) .inlB(146 bp) 53 H#E4T
HHZE PCR Y 3, ¥ 3™ Y1) DHPLC 43 2§ 45
W1, a 4 DIESTHIE b e d e Ay H IR E]—
2, EITFE YN indB  hly (inlA prfA, %I IE DNA
PR, 84 B BeoR/INS B AR AT

05 wl BE ML E PCR RN HITE 3% Bl b
BEIE P A TRAIE L X ( WLIE 2) , hly \prfA (inlA LinlB 43
JIIFE 210 388,255,146 bp Ab 3L 1 45747, A5l I
B, JoHE R, A& B T3 19 R ARk A B 5 | i i)
RS WA, 1 ~4 YK PCR 91 5% 5
VKEZE PCR LAY #4035 HiW R B—3K,
H1~50IESE 11 e.c.b.d a lEE——X N, i
W] DHPLC 453 B 25 SR HERf
2.2 FERMERELS R

HBEIRAY 32 RSB IR T, (LB 2= AR TR A
ARG A A A AR BT R TR S R B K
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E 30: . //&
5 i AY ?&E
£ 10|

k\f U J

1 2 3 45 6 7 8 9 1011121314 1516
t/min
$¥: M: 100 bp DNA Ladder Marker; a: inlBs hiy. inldA. prfA;
b: inlB; c: hly; d: inlA; e: prfA;

1~643H124100. 200, 300, 400, 500, 600 bp

1 PRI R A ) L B I 2 PCR
P I ) DHPLC 43 B 45 5
Figure 1 The result of virulence genes that detected by DHPLC

2000 bp
1 000 bp

750 bp
500 bp

250 bp

150 bp

¥E: M: DL2000 Marker; 1: prfd;
2: hlys 3: iniB; 4: inld

K2 3% BEBEEEI UK A RS M Z . PCR 9739 4)
Figure 2 PCR amplification products analyzed by

agarose gel electrophoresis

5 PCR P2y AT B REWHBRE RS L UK LU X, LAt 28

EI’J DNA ¥JTey 38 45 30, 4 X5 5| W04 S R 47
TAE TP, R g5 KR, Fris it iy 519 ar LAgE
SPEY G R R A BT RR T D hly \prfA L inlA |inlB
BEPR FAT B 1 B 2R SR T M R e
2.3 HEIMEIRELS

5 MREIG AR 242 DHPLC A6 X5 L B 4
Wi, . HR eSS TR AR J M R4 F, AR s R T
R BT Ty (55 B,
2.4 REUZIAIEER

ATIEGE JIT HE N7 08 5 TR D B 2 R TR
BRI AR (1 10 = Ve B2 6 B, RIVRS: D 52 5 B 3k %)
280 cfu/ml,
2.5 N TG B SR I 25

XFVA TR B DU R B T3 PR e 4 K
F AN TR I 2= B Re A )5, 2 8 PCR Rl 45

PIABHTE RS ) IR 45 R R W], A PR Ol Y
T ity LA SRR T SR AN AR R0, A BIE5E T
SN AT T TR R B R A

3 iFig

PCR H A PRH: i 0Dl 454 17 0 | e 5 Mok
SRR O T 2 M EOR ek, (2
FETHE T RO R A PR ARG DU, R AR A S PR 1
A A A DL B B8 B PRI 25 2 A St 7 A ) i B e
TRMERESR A 2R R LT EAG I E] 1 >
it MR TR AR S 94 R TR B R R S )
B 5 DAL P IO AT LA G o D0 ) A 7 3k B A DU
e B BH A A B M i R B R A BRI, B T
Z {5 PCR HR T 7E 2 R G A: ) i 4 D v 75 )
THIE I R U B0 AR A I 4 AR )

TR
BRI EEIC FL Ik 0 M PCR 43474y, [ e

KA HER/NR L) T 28 PCR 5143, i B 1
T £ PCR RN, 1 DHPLC AR/ XU5E DNA
BRIV B 5 T 171001 — YR AT L R B43 B
BOA AR AR BB & T A R Y [ Bl AR
B, A S BRI VR T O T A B O LBk A
T ECHIFN R AR 248 1 A5 g, IR R, oK
6 PCR A S0 b 5 i IRV RR B | a7 (8, (HL 3%
B /INZ R i H 2 B ARC AR 5

AT ST T A PR | R 5 R £ PCR-
DHPLC J5i%, AT DL — Y G 10 B 48 A 24 34 45 1 1)
4 FhEE SRR 70 £ il Hh BRLG AE 2 SR T PR 7
A HEA BRI N, 245 01 5 H 1 1R
IS G 0, Ay TRT AR AR AR | 75 A RN 3 4 75 2 VR A 42
BER 2 A FAE ., S B AE 2 R 1T 1 B 4 R
FTIa 2 9% B8 At

S &k
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ROk I, EE EE A
(FPEERBAHEF P CERGEHEL A, 100050)
W OE.BH MEORECALNT SRS E A Z AR RS K IS F R R Y A AT AT
FiE RMLERESEGRGE AT AR EOL TEREREG LA T kP BAE, HAEOR
MR FBE A FE TR L BB He | 2 R 38 K Kappa 18, 7 A o ik BT AR 4K A B AT B AT e 4%
(T, R OBORGA RS SRS Bkl ZAUER G BRI ARG OLMES LR,
A R A B kk A B — Rk, (2B QRS H RS R R A TR R R L A 4T
WAE| Pk fF B AR, BIE FORGH A AR FE T LA R s SF Ae sTIR, sF4k 5k 2 694 W7 54 1k
&, THATH—F R,
KW BaRGH, sz, EhR
h B4 25 :R155;R556. 3;R151
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Accuracy analysis of orotein microarray in iron deficiency rapid diagnosis
YIN Ji-yong, SUN Jing, HUANG Jian, HUO Jun-sheng
(Institute of Nutrition and Food Safety, Chinese Centre for Disease Prevent and

Control, Beijing 100050, China)

Abstract; Objective
deficiency diagnosis. Methods

To analyze the ability and accuracy of protein microarray for body iron stores ( BIS) and iron
The protein microarray was compared with commercially available traditional tests for serum
ferritin and soluble transferrin receptor, evaluated by indicator including the sensitivity, specificity, Youden’s index,
likelihood ratio, Kappa index. The BIS results were compared between protein microarray and immunoturbidimetry by paired
¢ test. Results The protein microarry showed higher sensitivity, better specifcity and coherence with immunoturbidimetry on
iron deficiency estimates. At the same time, more BIS insufficient were discoverd by protein microarray. Conclusion The
protein microarray, a new rapid diagnosis technique, could be used to simultaneously detect SF and sTfR, opposed high
diagnosis potencial on iron deficiencyestimates and it was valuable for more application research.

Key words: Protein microarray; iron deficiency; accuracy abilityj
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TAF

TG 08I LB R & B 32 40055 — RIS FR PR
gt MIE LR M (serum ferritin, SF) 5 84 4
ZAK (soluble transferrin receptor, sTfR) J& H {ij P
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Wk STER A v Hb SR LA At it A A DG A5 R
1R GE MBI B0 38 125 | i e b i J2 BT I SF 5
TR 11 =273 (B HERICIL S8 SF RN sTER A [ B



