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(L. EXEEERFER, T e 0540005 2. & [F &m0 & # F 08 &
S48 %epr, b 1000215 3. # E R AF, 4k 100193)

i E.BM A2 R46%HH#XARL T MG K%M E# (polymerase chain reaction-denaturing high-performance
liquid chromatography, PCR-DHPLC) A8 %5 484 7 i, Bk 4o S AA AR BB B EH (VB 8 MIRH 48 K&K
B KM% AH OIST: Hife S tm fo 3G A MW ) . Frik  4HxF 16S rRNA A W& 5 K%+ 51 4, PCR ¥ 3 = 4
B G BORAR G AR, S AT AR B R RS, BR O AEE61.4 CHr,5 BB PCR
FEH A EM4 R DHPLC & B, R B ME A Tmin £ 4, W INTH . SEARRRG LB mEEASHEY
B h R H 5~10 CFU/ml, @ K E R A R HIEAH O15T: HIH A 1 ~5 CFU/ml, *+ 83 4k B 6945 B b eg i b 4%
A FH100% 38 HAEB M S BRGNS AN, HALFT LR PHS HBERBEHTEHALE, &if % PCR-
DHPLC 7 3 A A K S S Bl st W, TA TR ST 5 AR R HE 0 &l Pk ibnl,
KPR T HaineiE; REBEIXAL; RBREKAY; 165 RNA A K

hE 4 EE.R155.5; TS207.4 M ERFRIEAD ;A NEHS:1004-8456(2010)05-0389-04

Detection of Five Foodborne Bacterial Pathogens by Using PCR-DHPLC
YANG Fu-jiang, WANG Yu-ping, WU Yong-ning, SHEN Jian-zhong
(Xingtai Medical College, Hebei Xingtai 054000, China)

Abstract; Objective To establish a PCR- DHPLC ( polymerase chain reaction-denaturing high-performance liquid
chromatography) method for the detection of five foodborne bacterial pathogens ( Salmonella spp. , Vibrio parahaemolyticus ,
Shigella flexmeri, Escherichia coli 0157: H7, and Listeria monocytogenes). Method  The primer sets for the conserved
region of 16S rRNA gene were designed and used for PCR amplification. PCR products were detected by DHPLC, and the
sensitivity and specificity of this method were tested as well. Results The five PCR products were shown as specific peak
profiles with the retention time of 7 min at an oven temperature of 61.4 °C. The detection limits of Salmonella spp. , Vibrio
parahaemolyticus, and Listeria monocytogenes were 5-10 CFU/ml, while that of Shigella flexneri and Escherichia coli
0157: H7 were 1-5 CFU/ml. All 83 target bacteria isolates tested were correctly identified and all 38 non-target strains
tested were negative. The five pathogens in artificially contaminated food samples were also correctly identified by this
method. Conclusion The PCR-DHPLC method was specific and sensitive for the detection of these five bacterial
pathogens and could be used for quickly detecting a large number of samples.

Key words: Denaturing High-Performance Liquid Chromatography; Polymerase Chain Reaction; Foodborne Bacterial

Pathogen; 16S rRNA Gene
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YO TR RV I KT PR AR A 2 T R
(ZEWTRRA) ORI Ay 18 O157: HT FIAR [T & B 1 45
Jir S B B IR B8R R e SRR 2 A
[ R 2 — R o A A o i T A A R
PEPI Y T B IR o A5 ST Y 20 TR A I 32 K M v
R AN TR P A 2 B AR R R S T AT )
FU T WU AR S R, Bt 2R, B R R
Ko 78 B R M AH €643 ( denaturing high-performance
liquid chromatography , DHPLC) J& 20 i 40 90 4 X,
KR B — Rl AL IR 7 Ber Ar ook, B )2 Tl
SRR R A BB T L 16S rRNA Sy H Yy 5
R B9 DHPLC 25 & 585 FH T 2 JE AT 181 R IS 7K 2% 14 7Y
i (A Py S DHPLC 35 [ I A 134 5 Fh
HU TR il R DL B, A A AT 168 vRNA JE
JEEST RGN B b S e UL YR o T ) PCR-
DHPLC i, Jy £ U5 B0 B A PR s 0 iy 30 e A
P TR TR A A T B R R RN T AR kg
TWFTE A o

| HR5EE

L1 kR

1.1.1 Btk KB 7E 0157 HT (Fr#EE CMCC
882364 .7y B Bk 10 #& ), &I % I 1k 9K @& ( ATCC
17802 43 B Hk 18 Bk ) , i [ B & (ATCC 12022 53
PR 6 BR) , 2 I (CMCC 54004 73 B RR 15 #E)
I (B 2 W0 1T CMCC 50041 7r B AR 16 £, B
D ZEVHT11# CMCC 50115 7B pk 13 #k  JE EwL v 1)
W E R S k) s KR A& (ATCC 25922 7y B 4
21 BR) , 4 B 60 ) 4 Bk 1| (ATCC 29213 73 B % 17
BR) o B S RO H BT AR (2> BRI 83 BR) )5 2 b
AR H BB R (2 Bk AL 38 £ ) .

T A T bR R S B IR R R M ) R R
API® M2 Wr & br ESEAT A AL S e . e T T
BT 30% ~50% H MR AR AE T - 80 C# .
112 dwHEFR LR @ EERG
(demt 2 A W R A R A 2 R 5 W6
Br Rk (B M 1 28 A= Wy B R WF 5T BT ), 12 ) Ay L 3
API® A2 W4 b vl (L B0 B RHE W HR A R
NEIDR
1.1.3  DHPLC il = & JE & Wi IR # (triethya-
mmonium acetate, TEAA) |, Z, i, /K, ¥ R @ 1% 4l | Iy
F 3£ [# Transgenomic 2\ &,

Btk A:0.1 mol/L TEAA,0.025 % (V/V) LN,

VEIG I B:0. 1 mol/L TEAA 25 % (V/V) 2.
L1.4 7 7Aa=auln  aiE L4 DNA 2 B0
% £, Tag DNA % 4 f (2.5 U/ul), dNTPs

(10 mmol/L) , W F RAREALRIE (AL 50 A RAH
115 FEAUA: WAVE % HR KA Bt R4,
WAVEMAKER Software Version 4. 1, DNASep f, 48
S #5 h 5% [ Transgenomic 23 & j™ il
1.2 J5ik
1.2.1 5lYit a8 16S rRNA LK /E N
By HH, Beta sl . 1w Bl T ARS
o GIMIFFHNANE

U8 ¥. 5 -ATT AGA TAC CCT GGT AGT
CCA CGC-3',

TUE5I%.5'-TTG CGG GAC TTA ACC CAA C-
3’, 724 316 bp,
1.2.2 PCR ¥4 DNA BEMRIRI 2B 57 19 br
HE MR TR B 50 pl, in A 3 ml LB /7 37 C |
150 r/minfé % 5 5% 8 h, SR J5 ¥ B 40 76 JE (K 20 DNA
$ OGRS HUBEA DNA

PCR R A% DNA it 150 ng, b F 75l
¥ (10 pmol/L) 4 1 wl . dNTPs(10 mmol/L) 2.0 pl,
10 x PCR Buffer 2.5 ul,Taq DNA H &8 2.5 U,
EBETFKE 25 pl,

PCR JZ Wi &4 95 C A1 10 min; 94 C
30 5,57 C 30 5,72 C 60 5,30 PHEEF ;72 C 4E i
10 min,
1.2.3  BUfRWEEEmc Ik HI 1 % B b BE 5 i vk
WU 5E PCR P2 W) 4l Ko 7= ) R /N o
1.2.4 WP AFFH) X S 7 #UE 168 rRNA K& K]
PR S R A, %S BN 9 PCR =y AT e A
JE A e X (SR H] DNAMANS. 2.2 #cff) o
1.2.5 PCR =Y R IiXEEAs8  wHEMRIPTTHE
o Y TR R AR O 2% 28 BUEE TR, K HE 16S rRNA I [ 1Y
PCR 74 5 At 52 90 T bk (At 57 2 BRIRT 33 e
{ETR R ) 1Y 16S rRNA JE K ) PCR ¥ & iR G (%
10 wl) ,PCR AL IE il 22 52 WUEE 195 °C FiiZZPES min,
SRIG LA 0.02 C/s 1Y 3 FEFEAR, 7E 29 50 min P 2218
Rk ) 35 C
1.2.6 DHPLC 43#r ¥ PCR 2232774 ] DHPLC
e, AR S pl, MR 61.4 C L 0.9 ml/min,
A AR BEEE (0.5 min) A W 45% B W 55% , 2K B
(5.0 min) A ¥ 36% B K 64% , P& F1-F-A i A
B W N 5S0% , N b FE 2P LTI S, 4 ming
AL AR ES IRIEE
1.2.7  JrE W BURME AR e SO Ay
Fr H b TR AR ST T LB M B 7R R A 2 A% R 10
RS BERRE A HR EEAE 1 ~ 1 000 CFU/ml (2L i
B IRBURF BTN SR )5 78 37 C 150 1/min
PRz B 9% 8 h, #2 H M7 ¥4 54T DNA 42 PCR 9
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W5, Z 3 WU 4 B, I DHPLC 7K oM a s e s e 1 s e

B A DHPLC €8 3% [ 1 ¢ 55 M R 1 O
2R Sk
1.2.8 GRS B HRAT I XTI PR 43 B3 1 83 Bk H 1
PEBR AN 38 AR AR B T BE 43 51 ] 1R #E 57 ) DHPLC
Ty iERGIN o 38 S A £ 0 5 o 2 R R 3 0 ARkt
R prek = s R SNV ES S & L =S w4 Y 17 R =)
BRAE S I rb  FH S 5 TE B 0 T R B0 ARG 0 R A
SRS
1.2.9 N5 0ea fb A S iR I O i Y 2 £
PRIRE S 25 g, A B 225 ml 1% (738 FH 1l 55 48 N3
oA IR AT B EE SR 0H T O AE B B o TR R
500 pl, A& £ W7 T, 37 CHRGHF18 h,
HUE B9 50 wl, & T LB Wiz 37 °C 150 r/min 3z
Di¥ER 8 h, SR 5 AT DNA AR £ B, 4y i 2 7]
i, AR 4 DHPLC 1 0 e XoF 25 SR ff 5 4G 0 %) 40 18 o

2 R
2.1 16S rRNA H:[K PCR 7= 4 vk % 52

Ko 1) BT A TR PR L TE 320 bp A5 A5 Ak i B —
HL K 25y, LI 1o PR, FH Rk 2k TG 1k 2 0 A [
Foft 8 B30 T B AN [ i 375 U 1] 1
2.2 PCR =4 ¥ Ko )5 5 Le Xt

TP 16S TRNA KL A Bl i 9F b X, 45

2000
1000
750
500
250
100

TE:M Jy DNA G F i b ifi, 1 S UG € 1T 0,2 A R 1
FIH L3 ST I 4 R Ip R A 0157: HT 5 N7
WIRRTR L6 S @I b INT ,7 MR R AR, 8 M A i a
AERE .9 KA ATCC 2592210 Sy B X 8

1 16S rRNA Z:[K PCR 7= Ha ¥k 3%

WA [5] o Jas 0 17 AT 8 DX 9 22 S K, 42
o () A PR B A H 2 2 4,3 I RV 1T
WA 122 PDIEENAR, WIE 2,
2.3 DHPLC i

PCR 258/ ¥ il DHPLC 18 & 73 A2 ¥ 25 4F T A
S 2 B RL G, WLIET 3

AN [ o Jes S50 AN 3 A LT Y0 1) T 4 B A
5 19 DHPLC (8335 181 (3 B B[] | 0 12 70 e ) 5 i
A AR ) o R B R II I E] 29 7 min
2.4 J7 A I BB AR Sk

RO AEVE AT T (R 61.4 °C) XU T B L H
¥ AL SR R 2 S R ARG BR 4 D S ~ 10 CFU/ml,
H G A BB R OR g R A 0157 HT ¥ o 1 ~
5 CFU/ml,

B FEVL T ICMCCH0115
f 96 ¥ 1 1CMCC5004 1
WERLLD 19 Bk
0157:H7 CMCC882364

GACATCCACAGAAGAATCCAGAGATGGATTGGTGCCTTC——GGGAACTGTGAGACAG
GACATCCACAGAAGAATCCAGAGATGGATTTGTGCCTTC——GGGAACTGTGAGACAG
GACATCCACGGAAGAATCCAGAGATGGATTGGTGCCTTC——GGGAACTGTGAGACAG
GACATCCACGGAAGTTTTCAGAGATGAGAATGTGCCTTC——GGGAACCGTGAGACAG

EI3 1 M 9B CMCC54004  GACATCCAGAGAACTTTCCAGAGATGGATTGGTGCCTTC—GGGAACTCTGAGACAG

ZE W BATCC 17802
SO AEBREATCC29213

GACATCCTTTGACCACTCTGGAGACAGAGCTTTCCCTTC——GGGGACAAAGTGACAG
GACATCCTTTGACAACTCTAGAGATAGAGCCTTCCCCTTCGGGGGACAAAGTGACAG
sohkkdokk ok *  sokkk sohkkdokk  kkk bk ok dokokk

2 EUEYEBURE 16S rRNA Xk AR 737 51 L) 45 2R

5 FEUR A 3 A MU ALV T B g I R
A5 B 23 Bk g 3k 15 5 H A B bR A A A I (T
3), A RUA RX G, SO T i BAT B e S vk
2.5 FEMIN

e AR 3 5 o RN T3 SR e i v 0009 T ) 3 U
OIS el RGN I = S R K S S Bu LU}
5 Frg 36Tt 83 Bk H B B R AT 2 A4S R Y 38 kAR
FI B TR BR A RS0, 83 K 17 AY G HE A 5 3 Oy 100% ,38
BRAR H A 20 B B AG TN 2 0 BA A

3 iTFig
PL PCR Sy 5 il 4 55 4% 1 MR 3R £ 24 sc £ RV An
SEEF PCRY 5 2 R 6 0 £ U0 1 5o 7, (25X

R 7 A 28 0 A B A B e SR i EL S
(7] 437 2 R T 4R B 2 22 AR o S 0 2 W ML T IR I i
FHl o R B FL UK 23 B SR, G ¥ IX 40 /N AR L 1 F
Uk 474 . PCR-DHPLC J7 ¥k © B0 T UE W BE 7%
(O P TN B b Ny 7. = = Sy 5 N N
B TET5 e A S O R IR M A
Ui 3 40 H7 168 tRNA 32 B A% 3 il T % 52 50
B SRS R R R 16S TRNA S F
B L X, B PE T D SR K51 4, B0 o i
BT 5 R AR X, i TR R R B PCR PR B,
) JRAS S ), 76 30 43 7 I B S 0 i e PR R
[G] (7 KM 0 Bl 1 S e ), S AR B I I Y 2
T B0 22 B, AR AR ) 1 e 2 R [ 9 R — — X )
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14 A 5 B . C
12 4
10 > > 0
£ 3 £ 3 £
= = B 4
R R 2 R
= 4 = S
1
2
0 0 0
5 6 7 4 5 6 7 4 5 6 7
t/min t/min t/min
D 10 F
8 10 £
8
6
> > 8 >
E E 6 E 6
"4 = =
R 4 B 4
=2 & &
2 2
0 0 0
4 5 6 7 4 5 6 7 4 5 6 7
t/min t/min t/min
6 G 8 H I
10
6
> > > 8
i C &
= = 4 o 6
£ £ £,
® 2 =, =
2
0 0 0
4 5 6 7 4 5 6 7 4 5 6 7
t/min t/min t/min

TEA NV TG B AR EELYD 1173 5 C  BUG IRV T 5 D A B MR I E S K #Ai i 0157: HT;
F o4 (R B 5 G o 2R 1 5 1 o 4 B (Al 9 BR 1T 5 L S K 3R A 1 ATCC 25922
K 3 PCR 74 DHPLC #5283

TPk o 2 PR B, A TR B R A AN T i i R v
B 16S vRNA K PR a] A2 X1 1 B A7 AS [5] i ik £
F 225 i J& DHPLC % 5E (Y i

DRl A fi 042 8 P 51, TR T 5k Aof 75 Al ]
T 2R TR (T 4 (0 A BR ) L 2R AR TR Y
R, fH A5 1 — 25055 . DHPLC J7 ¥k HA i il & 1
FERL, — KRR 96 x 2 FL T ZRE S I BLAR T ik
AT UBAEFNRR S, 78 30 h Y RTAS I i S B
BOW B 38 A T ORHEARE S A PR A I, AT R4 B
AR
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