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Establishment and primary application of multiplex polymerase chain
reaction for synchronous detection of four food-borne pathogens
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ABSTRACT: Objective To establish a method for detection of four species of food-borne pathogens syn-
chronously by multiplex PCR. Methods Four pairs of suitable primers were designed according to the spe-
cific gene fimA of Salmonella spp, gene Idh of Citrobacter freundii , gene idsC of Proteus mirabilis, and gene
fimA of Edwardsiella tarda. The reaction conditions of multiplex PCR were optimized as well. Results The
detection for real samples proved that the multiplex PCR method had the advantages of reliability, sensitivity
and rapidness. Conclusion This method can provide a key technical support for developing a kit that detects
the four species of food-borne pathogens rapidly.
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Table 1 Reference strains used in this work

fimA

Salmonella spp
Citrobacter freundii
Proteus mirabilis
Edwardsiella tarda

Pseudomonas aeruginosa
Escherichia coli
Vibro alginolyticus

Vibrio Parahemolyticus

Enterobacter cloacae

ATCC C316

CF20060301

PM20050506

ET20040705

PA20070604

EC20100509
VA20090810

VP20120804

EC20060807
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Table 2 Designed primers of mutiplex PCR

(5°—3) Tm(°C) (bp)
GCCGGTAAACTACACGATGA 60 526
(Salmonella spp) GAGTTACTGAACCAACAGCT 58
AACATAGCGATGGACAACTGA 55.9 161
(Citrobacter freundii) TTAGCAAAAATTTAAGCCGGT 56.8
TTTATCAATAGCCTCAAACCCT 55 396
(Proteus mirabilis) TGCGTCACCCTCTAACTCATCC 58
CAGGTGAGTGGTGATTCAAAAA 55 330
(Edwardsiella tarda) GTAACCGTATCGGCGTAAGAGC 57
12.3 3% PCR 3| 4 F 1525 1.2.5.3
1 > )
, 2 PCR , 0.8 1.0
, PCR : DNA 12 14 1.6 1.8 20 22uL,
1 pL, 0.5 pL(20 pmol/L), MgClx(25 1.2.54 dNTP
mmol/L) 0.75 uL, 10xPCR Buffer(Mg*'free)1.25 uL, PCR
dNTP Mixture(2.5 mmol/L)1 pL, Taq 0.6 uL, ’ INTP 10 15
; 12.5 uL PCR 194 C 20 25 3.0 3.5 L,
4 min, 94 C 30s, 60 C 40,72 °C 45 INTP
min (3 33 ); 72C  7min 12.6 %% PCR A B S 51
4 ) ) 4 1 mL,
NCBI ‘ B DNA ’
124 ¥% PCR ZH#E 5% 1x10°~1x10° PCR
4 1 mL, ’ PCR
(GB/T 4789.2-2003) , 127 ATEETS
DNA , 1~1x107
DNA , 123
’ PCR 10°~10¢ | 0.1 mL
1.2.5 %% PCR R &4 ’ ’ 10 b,
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Fig.1 Analysis of single PCR primer specificity

(A) fimA  ;(B) ldh  ;(C)

idsC ; (D) fimA

Fig. 1 (A) gene fimA of Salmonella spp; (B) gene ldh of Citrobacter freundii; (C) gene idsC of Proteus mirabilis;
(D) gene fimA of Edwardsiella tarda

: M. DL 1500; 1. ;2. ;3.
7. ; 8.

22 HBEPCR REUELL

, 8.9x10% cfu/mL; ,
7.2x10° cfu/mL; , 5.7x10° cfu/mL;
, 6.4x10% cfu/mL , PCR
89 cfu (2A),
72 cfu (2B), 6 cfu (2C),

7 cfu (2D)
23 ZEPCRIIYMESEMUESR

DNA

PCR
161 330 396 526

bp 4 , ,

;4. ;5. ; 6.
;9.

24 %EPCR RMNEHHIL

, PCR
60 C; 12.5 puL,
DNA 4 pL 20 pmol/L 4 (
0.3 uL, 0.125 pL,
0.1 uL, 0.25 uL) MgCl,

(25 mmol/L) 2.0 uL.  10xPCR Buffer (Mg2+free)1.25
pL  dNTP Mixture(2.5 mmol/L) 3.5 uL. Taq  0.75

ulL PCR 194 °C 4 min,
94 C 35s 58°C 40s 72°C 45s( 3
35 ); 72 °C 7 min
3%
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2D fimA
Fig. 2D Sensitivity of detecting gene fimA of Edwardsiella tarda
M. DL 1500; 1. ; 2~8. 10'~10’

M. DL 1500; 1. Negtive control; 2~8. template nucleic acid extrac-

2A fimA ) tion from bacteria liquid 10'~10 times diluted
Fig. 2A  Sensitivity of detecting gene fimA of Salmonella spp
M. DL 1500; 1~6. 10'~10° ;7.

M. DL 1500; 1~6. template nucleic acid extraction from bacteria
liquid 10'~10° times diluted ; 7. Negtive control

3 PCR

Fig. 3 The detection of specificity of primers in multiplex
polymerase chain reaction (M-PCR)

P LRI | <

: M. DL 1500; 1. ;2. ;3.
;4. ;5. ;6. ;
7. ; 8. ;9.
2B Idh Notes: M. DL 1500; 1. Salmonella spp; 2. Citrobacter freundii;

3. Proteus mirabilis; 4. Edwardsiella tarda; 5. Pseudomonas
aeruginosa; 6. Escherichia coli; 7. Vibro alginolyticus;
8. Vibrio Parahemolyticus; 9. Enterobacter cloacae

Fig.2B Sensitivity of detecting gene Idh of Citrobacter freundii
M. DL 1500; 1. ;2~7. 10'~10°
M. DL 1500; 1. Negtive control; 2~7. template nucleic acid
extraction from bacteria liquid 10'~10° times diluted

4 PCR
. Fig. 4 The optimization of annealling temperature in mul-
2€ idsC tiplex polymerase chain reaction (M-PCR)
Fig. 2C Sensitivity of detecting gene idsC of Proteus mirabilis : M. DL1500; 1. 58 “C;2.59 ‘C;3.60 ‘C;4.61 C;
M. DL 1500; 1. ;2~8. 10'~107 5.62 C;6.63 C;7.64 C;8.65 C
M. DL 1500; 1. Negtive control ; 2~8. template nucleic acid Notes: M. DL1500; 1. 58 ‘C;2.59 C;3.60 C;4.61 C;

extraction from bacteria liquid 10'~10 times diluted 5.62 C;6.63 C;7.64 C;8.65 C
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Fig5 The optimization of Mg®" concentration in multiplex
polymerase chain reaction (M-PCR)

:M.DL1500; 1. 1.25 pL; 2. 1.5 puL; 3. 1.75 uL; 4. 2.0 pL; 5. 2.5 pL
Notes: M. DL1500; 1. 1.25 pL; 2. 1.5 pL; 3. 1.75 pL; 4. 2.0 uL; 5. 2.5 pl

243 31k

0.72 pL,
1.152 pmol/pL;
0.21 uL,

0.336 pmol/uL;

0.54 uL,
( 0
2.4.4 dNTP #RAREAL
,2.5uL  dNTP

25 % EPCR SEMENE

89 cfu, 7 cfu,

6 cfu(  8)
26 {KERIBEEMHENE

PCR

0.336 pmol/pL;
0.21 pL,

0.864 pmol/uL
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6 PCR

Optimization of capacity of primers in multiplex
polymerase chain reaction (M-PCR)
: M. DL1500; 1. 0.8 uL; 2. 1.0 uL; 3. 1.2 pL; 4. 1.4 pL;
5.1.6pL; 6. 1.8 uL; 7.2.0 uL; 8. 2.2 puL
Notes: M. DL1500; 1. 0.8 pL; 2. 1.0 uL; 3. 1.2 pL; 4. 1.4 pL;
5.1.6uL; 6. 1.8 ul; 7.2.0 uL; 8. 2.2 pL

Fig. 6

57 cfu,
7 PCR

Fig. 7 The optimization of capacityof dNTP in multiplex
polymerase chain reaction (M-PCR)
: M. DL1500; 1. 1.0 pL; 2.1.5 pL; 3. 2.0 uL; 4. 2.5 puL;
5.3.0uL; 6.3.5 uL
Notes: M. DL1500; 1. 1.0 pL; 2.1.5 uL; 3. 2.0 pL; 4. 2.5 pL;
> 5.3.0uL; 6.3.5uL

dNTP



1122

(1]

[2]

8 PCR

B3]

Fig. 8 The detection of sensitivity in multiplex polymerase
chain reaction (M-PCR)
: M. DL 1500; 1. i2~7. 10'~10°

Notes: M. DL 1500; 1. Negtive control; 2~7. template nucleic acid [4]
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