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Propidium monoazide based real-time PCR to detect Vibrio
parahaemolyticusin a viable but nonculturable state
HUANG Xin-Xin" YANG Juan® ZHENG Jang" HE Yu-Ping' CAI Qiang®

(1. Technical Center for Animal, Plant and Food Inspection and Quarantine, Shanghai Entry-Exit Inspection and
Quarantine Bureau, Shanghai 200135, China)
(2. Yangtze Delta Region Institute of Tsinghua University, Jiaxing, Zhejiang 314006, China)

Abstract: [Background] Vibrio parahaemolyticus, which is highly pathogenic and harmful to public
health, is a common contaminating microorganism in chilled food and meat products. To keep them
fresh, imported and exported food are often refrigerated or frozen to prevent microorganism growth
during transportation and machining. However, residual V. parahaemolyticus can enter a viable but
non-culturable (VBNC) state, which poses potential risks. [Objective] This study aimed to establish
a method to detect V. parahaemolyticus in a VBNC state in frozen food and to explore its
applicability. [Methods] A solution containing V. parahaemolyticus was added to homogenized
Atlantic salmon matrix to a final concentration of 6.6x10° colony forming units (CFU)/mL. Aliquots
of the mixture were induced for 10, 20, 30, and 50 days at —20 °C. A propidium monoazide
(PMA)-based quantitative real-time PCR (gPCR) method was established to detect the V.
parahaemolyticus in the samples of different frozen periods and compared with the results of gPCR
and plate culture methods. [Results] The established PMA-gPCR method showed good specificity
and no cross-reaction with other negative reference strains. The sensitivity of the method was also
high and the quantitative limit was 19.8 CFU/mL. The variation coefficients (CV) of C, values were
all below 1.5%. The standard curve was y=—3.272x+45.310 and the linear regression coefficient, R?
was 0.996. The quantitative range was 1x10to 1x10° CFU/mL. After the low temperature induction
from 10-50 d, the C, value of the qPCR method was between 26.32 and 27.34 which showed little
change. However, the Cq value of the PMA-gPCR increased from 26.43 to 38.84, showing a
significant increase in the number of dead bacteria. After comparison and statistical analyses, the
number of live bacteria detected by PMA-gPCR was higher than that of plate culture, and the
difference was significant (P<0.05). [Conclusion] The established PMA-gPCR method had high
specificity and sensitivity and could effectively inhibit the amplification of dead bacteria. It was also
an effective and fast method to detect VBNC bacteria, which could overcome the limitations of the
traditional plate culture method.

Keywords: Vibrio parahaemolyticus, Frozen food, Viable but non-culturable (VBNC), PMA-gPCR
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VBNC
PCR
(9PCR)
[6]
(Propidium monoazide PMA)
DNA DNA
PCR
DNA "1 pMA-gPCR
VBNC PMA-gPCR
VBNC
PMA-gPCR
1 MEETE
1.1 EFk
ATCC 17802 ATCC
33787 ATCC 27562 ATCC
49452 ATCC 27853
ATCC 25923 ATCC 35218
ATCC 15947
VbO FSCC 232004
-80 °C
10% ( )

1.2 EZERFIFNER

(Propidium monoazide PMA)
TIANamp Bacteria DNA Kit

Premix ExTaq™

Biotium
TIANGEN

CFX96 Red-Time

System Bio-Rad PMA-Lite™ LED
Photolysis Device Biotium
Eppendorf ESCO
1.3 Ak
131 EME
100 uL 5 mL

37°C 150r/min
132 #HmMAE &L FIRE VBNC iFS
GB4789.1-2010

259 225 mL

6.6x10° CFU/mL
-20°C 10 20 30 50d

1.3.3 AN ZRE 2
PBS 10
1 mL 56 °C
37°C 24 h

30-300

1.34 PMA RE
2.5 L 20 mmol/L PMA 1mL

50 umol/L
1.5mL
20cm

5min
LED 15 min
8000 r/min
1.35 #EE DNA i

PMA

10 min

37 °C
1mL 1.5mL 12 000 r/min
5 min

DNA -20°C
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1.3.6 SERTEEYE PCR (QPCR) A ARVEL

GenBank tth
NCBI ABI Primer
Express 3.0 TagMan
1 gPCR Premix ExTaq™ 12.5 L
(10 pmol/L) 0.5l (20 pmol/L)
1.0uL DNA 05uL ddH,0 10.0 pL

95°C20s 95°C3s 60°C30s 50
60 °C FAM
3
137 qPCR 55t
tlh PCR

DNA
gPCR
1.3.8 qPCR RS E M K FrE 2k 225

PBS 10 133

30-300
1mL 135 DNA
tih PCR
gPCR

139 gPCR FZRIEEMIAE

1 BiRmMMNESAETF th B5149FRE F5)
Table 1 Primersand probe sequences of virulence factors
for Vibrio parahaemolyticus

Primers Primers sequence (5'—3')

GCAAGGTTACAACATCACGTTG
Forward primer

GATGAGCGGTTGATGTCCAA
Reverse primer

FAM-CACGCCTTGTTCGAGACGCTAACT-
Probe et

gPCR
3 Cq
CcVv
14 BIEST
Excel gPCR
cv SD
Mean CV<15%
SPSS
PMA-gPCR gPCR  Cq
PMA-gPCR
P<0.05
2 &R 55%
2.1 oPCR ZHI4FRM
gPCR
tlh
gPCR
(1
Amplification
8000 e
7000 - -
6000 |
5000 /
g 4000 | /‘
T 3000
2000
1000 - 7
0l . . e __—— 29
0 10 20 30 40

Cycles

1 BIAMDM4EIE gPCR 571K I

Figurel The specificity test of gPCR for V. parahaemolyticus
Note: 1: V. parahaemolyticus; 2: V. alginolyticus; 3: V. cholerae; 4:
V. wulnificus; 5: E. faecalis; 6: P. aeruginosa; 7: S aureus; 8: E.
coli; 9: E. tarda.
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22 QPCR 7 ERIR & R r L

1.98x10° CFU/mL

10 DNA
PCR 1.98x10°-1.98x10" (  2)
Cq
qPCR ( 3
y=—3.272x+45.310 -3.272
R° 0996 PCR E 102.1%
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=
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Figure 2 The sensitivity test of gPCR for V.

parahaemolyticus

Standard curve
40 O

35+
30
25 F

20

1 I I 1 I 1 I I 1 1

1 2 3 4 5 6 7 8 9
Log starting quantity

& 3 EiAMM4EINE qPCR BUFRERZL

Figure 3
parahaemolyticus

The standard curve of qPCR for V.

2.3 gPCR FHEMEE M
10
6 PCR
tih gPCR
Cq 2% (2
PCR
24 PMA-gPCR #MARIM S FERPELE
M sNE
gPCR PMA-gPCR

( 4
gPCR Cq
26.57+0.23 26.35x0.09 26.55+0.15
27.34+0.09 (0d) C; 26.32+0.04

% 2 qPCR #&MELAMMINENES SR
Table 2 The reproducibility test of qPCR for V.
parahaemolyticus

Cq cVv

Dilution 1 2 3 Mean (%)
10t 1799 1793 1791 1794 023
102 2146 2121  21.28 2132 061
10°° 2457 2462 2461 2460 011
10 2791 27.95 2802 2796  0.20
10° 3160 3166 3142 3156 040
10° 3499 3474  34.00 34.58 1.49

B grer

40 F | PMA-qPCR

30-—
Ur s
‘IOI20l30150
1(d)

4 AEME &S MHIMER gPCR #1 PMA-gPCR Y
CifE

Figure 4 The C, of V. parahaemolyticus in different
stages by qPCR and PMA-gPCR
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PMA-gPCR Cq
10 d 26.43+0.05
31.24+0.06 32.32+0.03 34.25+0.12 38.84+0.36
PMA-gPCR
Cq qPCR 2006 PMA
Cq (P<0.05) PMA
PMA-gPCR PMA
gPCR PMA
25 127555 PMA-QPCR SEXT AN EDA M R 4 ppMA (5-10 pmol/L)
an A 2l I S G B EE B DNA
PMA-gPCR
Wu PMA >80 umol/L
26.47%-5.92% PMA
( 3) PMA-gPCR 4 >160 umol/L
+ + +
19 9814852 9 335+197 24001214 7 67%-0.31% PMA DNA
96+25 CFU/mL 4 .
20 min
7866+251 193357 )
20 min 20-50 pmol/L
30641 OCFU/mL PMA-gPCR - 115)
PMA 20min
(P<0.05)
PCR
3 W54t tih
(2 tih
VBNC
[13]
100%
(Culturahility) 19.8 CFU/mL (
(Transcript ability) (Metabolic ability) ) <2%
(Membrane integrity) gPCR

#* 3 PMA-qPCR AR IEFR AN EDL FRETEARA M4 N E
Table3 Detection of V. parahaemolyticusin different frozen periods by PM A-gPCR and culture method

PMA-gPCR Culture methods
Frozen period (d) 1 2 3 Mean SD 1 2 3 Mean SD
10 18 999 20528 20 417 19981 852 8100 7 600 7 900 7866 251
20 9333 9533 9139 9335 197 2000 1900 1900 1933 57
30 2285 2269 2648 2400 214 260 320 340 306 41
50 126 85 79 96 25 0 0 0 0 0
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-20°C
[16-17]
VBNC
-20 °C 10 d
PMA-gPCR 6.6x10°> CFU/mL
19 981+852 CFU/mL
7 866251 CFU/mL 50 d
96+25 CFU/mL 0 CFU/mL
VBNC
gPCR
of 26 PMA-gPCR
26.43 3124 3232 3425
38.84 gPCR PMA-gPCR
DNA
PMA-gPCR
(
1-2 d 3 h)
VBNC
PMA-gPCR
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