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Detection of 5 kinds of foodborne pathogens by multiplex polymerase chain
reaction and capillary electrophoresis technology

FAN Hong-Wei', ZHU Ying-Fei, ZHAI Ping-Ping, ZHAN Zhong-Xu,
TANG Xiao-Ye, CAI Yu-Xia

(Food Inspection and Testing Institute of Jiangxi General Institute for Testing and Certification, Nanchang 330200, China)

ABSTRACT: Objective To develop a rapid method for detecting Salmonella, Escherichia coli O157, Listeria
monocytogenes, Staphylococcus aureus, and Vibrio parahaemolyticus using multiplex polymerase chain reaction
(PCR) and capillary electrophoresis technology. Methods Specific multiplex PCR primers were designed using
conserved pathogenic genes of 5 kinds of foodborne pathogens, and the products were analyzed using capillary
electrophoresis imaging. By optimizing the PCR reaction and electrophoresis conditions, a multiplex PCR capillary
electrophoresis detection method was established. The specificity and sensitivity were studied as well. Results The

specificity of the 5 pairs of primers was acceptable and no non-specific amplification occurred. The optimal primer
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concentration for multiplex PCR reaction was 0.2 pmol/L, and the optimal annealing temperature was 56.0 °C. The

optimal separation mode for capillary electrophoresis was AM900. The method had a high sensitivity, and the

detection sensitivity could reach 5%107 ng/uL. Conclusion The multiplex PCR capillary electrophoresis method

for detecting 5 kinds of foodborne pathogens established in this study is simple for operation with high specificity and

sensitivity, and can be very practical in detection of foodborne pathogens.

KEY WORDS: multiplex polymerase chain reaction; capillary electrophoresis; foodborne pathogens; detection method
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1.1 #RI5EF
PRUERE AR IL 10 Bk RUGFEVD TR (B Fh e 5

il

ATCC14028) . KGR % K@ OIST:H7 (W Fl' 4 %5 :
NCTC12900) . 5 2% 4 jid 34 A& 2% Wi R [C 18 (18 Fh 25 5
ATCCI19115) 4 B (0] 49 BRI (H M 2 5 - ATCC6538) ., il
WIMAEIR G (E AP i S ATCC17802). & S8 FEAT B (b
45 . CMCC49005) . K W 3% % [C B (T8 Fh 4w 5 -
ATCC25922) ., Feifi o Wi Re FC TR (B FP 4 5: ATCC33090)
F B BRE (FE RS CMCC26069) . Q459 (B F 4
5 ATCC27562),
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(KR4 Sal01-Sall9) . KR A CTH O157:H7 2 #R (I Fh
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Advanced 4 H 3 &% R 1 43 BT 1L . QIAxcel ScreenGel
Version 2.1 ST (TR EBLAR A FD) .
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TR EEREYF A B 40 (National Center for
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(B 55 AE005174.2) . B 4 M3 A 2R B Fe [C T priA 2%
(&5 NC_003210.1) &8 (08 253K atl JeH (&5
KC834397.1) . @l % M 9N @ TDH XKW (& % %
NC_004605.1), {# ] Primer Premier 5 #ffit 5 W £ &
PCR 5|¥1(E 1), F## 1 Oligo 6 A T51453WT . B L
WA THAT5 A L, 40 TR KA 2 100 pmol/L
J5, ¥ 10 RIS LIRS, A& 51k B4,
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132 HERR

e B2 T 4 R IR AR IO S AR U 1F 1T DNA 421,
81 FAZ R B F1 A3 BT AR SR B DNA (70 e J5 i J38 947 0 i,
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Table 1 Primer information of multiple PCR
H bR 51914 Fx BT (57-3%) PR KN bp
VIR Sal-invA-F ATGCGATTAAGGCGACAG s
Sal-invA-R CAGGTGTTGTGAGCGTAA
CGGTCCTAGTTAGAATTGAGA
D 0157-rfbE-F
KBz RHE 0157:H7 302
O157-rfbE-R TGAAGGTGGAATGGTTGTC
\ X L LM-priA-F CTGGTATTGGCGGTTACA
FAAZ AN G A A IR R T 291
LM-prfA-R CGGTCGGAATATGCGTTA
. SA-atl-F GTAAGTGGACAGATGCTAAC
ST O B ER A SA-afl-R 274
-atl- TTCGCTAATTGAGAAGTACC
GGATGACCGAAGTAGACAA
R I NG 261
-1DR- CACGACAGTTACGACAGT

133 #—% %% PCR #n

PL 5 A HERE R4 DNA SRR, 23R 5 3k
SEVEB | YRR A TEA— PCR 86, LA 5 Fh HARBE AL
2H DNA S5 LIRSV OEAR, RIS TR (10 pmol/L)X}
MM T2 E PCR #5, PCR SR ZR J9 25 pl: 1 pl Rk
DNA, 1 uL 514(10 umol/L), 12.5 pL 2xPCR Mix, Jofif/K
FMEZE 25 uLo W AR 94 °CAEE 30 s, 55 °CIR Kk 45 's;
72 °CHEAN 45 s, R 35 MMEM; fefg 72 °CLEf] 10 min,
4 °CIRAE. 77 B EERC YK, RA 3.5 kV LKk
175378, M QIlAxcel ScreenGel Version 2.1 B4 il Hi,
iR ESALIR
1.3.4 %% PCR BB &H1kAL

XTZE PCR SN BY 5 1490wk BE R IR BE DA 2 406
BWSBATIR, £ 25 uL ZE PCR R AIA 0.50,
0.75, 1.00, 1.25. 1.50, 2.00 uL 4 10 umol/L 5| ¥ TR,
MTEFSE 0.2, 0.3, 0.4, 0.5, 0.6, 0.8 pmol/L £ 6 4~
| v X B L s SR TR EEAREE PCR, %) 50.0.
50.7. 52.0, 53.9. 56.3, 58.3, 59.4, 60.0 °CIL 8 ~E k
BT MBS EL 3 LR, B A QlAxcel
ScreenGel Version 2.1 #{f, it L& E A DNA W E
marker (DNA 4+ FEARE)5 HAR DNA 45 MR, 1
B EERY YRR, TR E B2 PCR B4
BRI LK ) S 2 o
135 £@% &k Admi

XA HLUK B 43 B L R S EHE T, SRR 2
5 RN A s kAR R, BIFSTE B AN R TR AR AR B B
13.6 RHEEE

AR T TIRE . KB IRA I O157:H7 .,
AN M 2 2R R QD | 4 P €0 2 B VT A0 s e e IR
5 FARUETR AR I DNA R H TCHE KRB 250 ng/ul ()5
WU, FILHNREG S, IRIFHL4 4 50 ng/uL () DNA 5
MR, PR 10 FERR R 6 IRE 5x107° ng/uL,

5 5~5x107 ng/uL H:it 6 MEEEEM EF ) DNA IR RAE RN
B AT REUEIIR, LR EE 3R,

F2 EBREBRKER
Table 2 Capillary electrophoresis mode

B ORIV IR REHLRAY MBI
AM900 2.0 20 35 900
AM420 5.0 10 5.0 420
AM320 5.0 10 6.0 320
ALA20 8.0 20 5.0 420
AH420 2.0 20 5.0 420
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PRI E FARTEAT IR . K IRA [CTA . 5t e 250
FRIGH . LA BRI AENH IR T 5 BRAE BArbrdE A
Pk 5 R H AR 25 BREF A BRI DNA VE W4, SR 5
Al B b TR A v B AR AE A PR R, DG K A A B X HE
X 7 A R S A T RRAR
14 HIELE

% FH QIAxcel ScreenGel 43 HT 4k 4% DNA K3 #E 7748
PR MBI, S R EEIERE 3 )k, %L
IR B LA B i 227208 o SR AT Excel 2021 347
& 2

2 HER5HH

21 B—R%ZEPCRIEMNER

B ZH PCR P IH) BB B IR ES R LA 1,
EIRRWL, VWITRE . KIBEARE O157:HT. M4l
B A AR G . S AT AT BRI . VA IR 20 B 1E
335, 302, 291, 274, 261 bp A HBLY &4, 5 %15
Wy 22 T oA BRSSO, YA Pl i o Sk 7 A7 8 A W i 375 B
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BIPBE ST, 5192 638 R, JoHAb Y HE 4cH . A
R AT KR/ N E N 11 bp, S5 SRR IIARF
SEA0 A B 2078 L TR B R 1 4 B3R R LA 2 55K o
22 %EPCRRNFEHMUER
ANEBI Y EE 1728 PCR ™ 1 BIBE 08 I T 19
DNA 45 . MFR 3 TLLEH, B4 1) DNA R,
5 Ry LS | Y H EE S 0.2 pmol/L Bk B B v ik
R, ASWFFE7E )R 2250 P 0.2 pmol/L 151 IR & .
AR SR EE A Z T PCR Y45 L N2 4 iR, 1Bk
IREETE 50.0~56.3 °CZ [a]i, 5 Fh PCR 7= W) B8 i 1115785 i
) DNA 447, HAE 56.3 °CHY, § B8R o (3 2438 ki
ERKTFETF 58.3 °CHf, £ PCR # B H0H3K15 293 bp K
JEM Y. B, 25 R 5 YA B s iR JOR B DLk
a3 | W) BRI TE I, A FE 1 PCR S0 M 7 vh e 3R ok
RN 56.0 °C,
EMEBRKXSHMUER
5 PR K B R4S R 2 FR, AM900
BT, 5 P RE AR W M H YK S, A R
e, A 4 gy s A E K P 4 R BAS TR R 1)
M ANVBE RSB, B 293 bp 1 300 bp 17 TEETE
X4 R, R, BEE AM90O 11 AR 5T B B 41
EHIKSH.
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Fig.1 PCR and multiplex PCR testing

x3 RAFESIRET EBERN~YRERE @g/L)

Table 3 Mass concentration of amplified products using different primer concentrations (ng/pL)

774 DNA Bt ElRYNS
K/op 0.2 umol/L 0.3 pmol/L 0.4 pmol/L 0.5 pmol/L 0.6 pmol/L 0.8 pmol/L
263 12.52+0.78 10.13+1.85 11.4+0.93 7.54+0.67 9.05+0.66 8.92£1.10
273 7.04+0.28 2.08+0.22 3.2340.46 2.62+0.13 3.16+0.25 3.91+0.40
293 3.62+0.50 0.28+0.13 0.63+0.25 0.37+0.33 0.97+0.28 1.2540.11
300 7.84+1.36 2.98+0.26 3.80+0.49 2.67+0.25 4.06+0.21 4.66+0.47
335 10.61+0.85 4.71+£0.74 8.58+1.59 5.00+0.44 5.59+0.67 5.86+0.79
R4 RBAFERIBEETIGERN~RERE @g/nL)
Table 4 Mass concentration of amplified products using different annealing temperatures (ng/pL)
7=4) DNA J B AR
K/op 50.0 °C 50.7 °C 52.0°C 53.9°C 56.3 °C 583 °C 59.8 °C 60.0 °C
263 6.83+0.62 6.76£0.61 6.80+0.41 6.324+0.89 8.00+0.71 6.68+0.19 9.17£1.73 6.71+0.78
273 1.41+0.17 1.53+0.18 1.7240.15 1.95+0.17 2.90+0.29 2.63+0.29 2.89+0.33 2.91+0.41
293 1.2240.10 1.35£0.15 1.21+0.14 0.63+0.71 0.83+0.61 -
300 2.01+0.15 1.93+£0.37 2.54+0.14 2.39+0.37 3.68+0.16 3.06+0.09 2.9540.50 4.01+0.29
335 3.70+0.25 3.74+0.19 3.43+0.30 4.61+0.41 6.85£1.40 4.33+0.51 4.96+0.54 6.43+0.62

TE: -FORAE BN LUK AL B R 1 B PCR 9847 W 2%, 8 5 [l
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0 IWZEAEA R IR Hysize marker (DNAZFF-RAFRIE) . AM900 .,
AM420, AM320. ALA20FIAHA204: B0 AN H Ik %
K2 ZEPCR™YTEARR Ik SECT MR ik &l
Fig.2 Gel electrophoresis image of multiplex PCR products using
different electrophoresis parameters

24 REELWER

RPPERMEEIR MR 5 PR, 6 AH6 REAR BTk e
£ 5~5x107 ng/pL AU BE L N 1T 2 8 PCR 4714, HRE
R ARATTH W 0] 43 B0 7 25, T PEREAR o vk B /N T
S5 5x 107 ng/pL BF, JGEEA R 1 R4y Bk 4 H AR
Mgk . Bk, %23 PCR-BANE B bk Jr ik iR R S 5E
7 5%107 ng/uL.

25 FFRMIEER

eSS IO 25 R L3R 6, 25 Ak B FREF A= B R A SRR FH
P HR RS E HAR L B Y8 A sk, BRI BLEE
HESEVEACHT, S HRAIR bR BB R B P B B B
YA, G N, SLIREE R AT R B B M

RSk

=5 RYEMNRAPE~HRERE (ng/pL)

Table 5 Product mass concentration in sensitivity testing (ng/pL)

7] DNA F Bt TR T ke
K/IMbp 5 ng/uL 5x10 " ng/uL 5%102 ng/pL 5x10° ng/uL 5x10 * ng/uL 5x10° ng/uL
263 5.73+0.33 3.37+0.38 2.04+0.52 1.34+0.27 0.60+0.15 -
273 2.70+0.29 1.57+0.10 0.92+0.18 0.50+0.31 - -
293 1.58+0.15 0.96+0.14 0.81+0.28 0.26+0.26 - -
300 3.52+0.56 2.34£0.17 2.30£0.67 1.28+0.23 0.55+0.25 -
335 6.06+0.91 4.11+0.26 2.98+0.19 1.13+0.10 0.65+0.38 -
Fo FHRMEIBLER
Table 6 Specificity testing results
R E AN Y A TR AR B R R A RE ST B TR AR B B S I TR R A
I TIRA 19 1 20/20
K% R 0157:H7 2 1 3/3
HbrE EARY, AN ML A 2R R TR T 2 1 33
S WA AIRE 1 1 2/2
BRIV I TR 1 1 2/2
A A A - 1 0/1
KI5 A G - 1 0/1
EHIRE B 2R IR T - 1 0/1
e H A ERTA - 1 0/1
IR - 1 0/1

TE: RN TR

3 WiRE5ER

LR B0 T 1) A% 98 B SR AN Ty 125 T M) T AE 8y
Ik b AERIFIE AT IR K IIRE T, Hm i iV ik S
VA VA AR AR S5 2UE— 2B R T S e P, SR T 43 S0 1
FER AL A AR, TR IR pH ABfl . MBSk

FARFIHEE#m, #F AT iEr93E 0] £ 3% (viable but non-
culturable, VBNCIRZS, RIJCILTEH FIRG IR A T Husis sy,
LG SR I TR, 5 SEUS BAPESS SR ik 2
IF5E F W 201 Aol — o e 0 A A SR, R A B U
HURHABRERSUE A VBNC R, JoHOEIE /= 2R A 40 18,
XX IG TR T 38 TPk . BT, 2024 4 8 H 5L
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i (") GB 4789.4—2024 { M Z & EERE B R4 Y+
Ko YOI RIS ), B2 T T FLM P i R
Fiik A VBNC RSP TIREHITE B A5, il
HWE TR . SRS E 4. L2248, W4
5 T R A5 ) 26 S350 VBNC 15 B ) f271

FIZ & PCR-BANE HIKF 0 FEYHHAR, XA
[Fi) o it S5 B0 1A [+ 095 A R4 T DRGE R I, £4% VBNC 19
R, #RAT— 2 AOBFSE AR - REZA Z5P8I[R]ip R £
PCR J7 i RV G 45 37 Jr 2 0o 8 i Tl /K 4 9 R B 36 47K
FEHEAT T 4 FhORBA R RERIREIN, B 5% ke BUAE Se s 97 7 vk
o Mk Bk B 43 K I B RE, 23 PCR JLAG
4 BHAE AR RE, 0 B e AR A7 71 27 55 5% WA 1 E A VBNC IR
BRI TERERE, £ E PCR Jrikif BB L%, LEI 4P
KA Z E PCR Jy ik A& G Jy ik (Rl B AS T Pl K™
AATRIE AR 6 FhEIRMEEURE, SRR L E
PCR 7 1 1) & 1A BH P %6 B2 3 4% G2 15 37 )7 15(60.1% %F
34.5%, n=278), H:H VA il PR AY B R i = T AR
BRI (71.0%%F 20.7%, n=145), FW L H PCR 7E 5B
A3 B PSP EROE B (ARG I b R SR R AR R . ZHANG
BN T —Fh 2T PCR-TBANAT s KA J7 3%, AT LABR
MG S BGRB8 A [CH Y 9 > HARBOR S, JE56
UE T 3% 05 15 14 76 208 Fi 3k T DS o0 B 45 I 22
/MUK 14 bp 19 DNA 774, RAEE AT ik 5x10° copies.
ARG S K /N2 11 bp, SR TEIZH
TREARWRER AP AT 0 B, REUELIB LR 1x10°
copies, 5 ZHANG ZECORIF 58 45 AT ENIE, 1P BAn4s
P, K 7 5 AR G B B FRL VK O ok, Ol BRI E, T
&G £ PCR Y40 HT o

Z & PCR-TEANE HL VK AN )y 538 0T A2 & — 3L
b AR, AR TG IR  HE 455U FH R 40 KBk A
(magnetic nano carbon dots, Mag-Cds)f RK%54 £ H PCR-
BRI, ME T —FhRIEHGI 4 Fh U5 S0W 10
2, R Mag-Cds filfi JHE S R TR IR, ¥ 2 5 PCR-E407E
LUK RABE T2 10°~107 ng/uL. NDRAHA 2B A
GuREMEER A T DNA R Zifb)5, P2 E PCR- B4
FLUKXT 3 Al PR SO B A TR, A DU VD G R B Y
¥ i BR Al 3% 7.3%10' CFU/g.

ABEFE S T — Pl R VDT R . K IR A R
O157., BAAZANAIE A= 2= 1R PR TR | 4 (00 26 Bk o A i 7
MPER B ST I 1 2 B8 PCR-E AN H Uk K 7 3% o %07
AR, RAESIPMRES 0.2 pmol/L, fef:il kiR
M 56.0 °C, K& R AE AL 5x107° ng/ul, HARSEREF,
AILATE A H R RINTT R o 12O R RERT . R, Tk
S N A R RN Y AR, 3 R DL 2 4 A
Mag-Cds 5 AREETHRMRR, 766 IS0 A A
R O RT3
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