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Abstract: A rapid quantitative PCR detection method for live Vibrio parahaemolyticus in aquatic products was studied. As propidium
monoazide (PMA) can inhibit the death of bacteria DNA amplification under at certain lighting condition, and the droplet digital PCR
technology can extend detection accuracy to single molecule target genes and achieve absolute quantification, a new method called
PMA-ddPCR (combined PMA and ddPCR ) was applied to detect live Vibrio parahaemolyticus. Specific primers and probes targeting the tlh
gene of Vibrio parahaemolyticus were designed, and the PCR reaction system was optimized. The PMA concentration and exposure conditions
of PMA-ddPCR for target gene were also tested. The results showed that the working concentration of PMA was 16 pug/mL and the exposure
time was 8 min. The expansion of dead bacteria could be completely inhibited and the activity of live bacteria was not affected under this
condition. The sensitivity of PMA-ddPCR method was higher than that of PMA-qPCR method by comparing the detection limits of
PMA-ddPCR and PMA-qPCR (2x10" cfu/mL and 2x10? cf/mL, respectively). The live Vibrio parahaemolyticus in artificially contaminated
marine products (sea shrimp and small scallop) were detected by PMA-ddPCR quantitative method, and the lowest detectable Vibrio
parahaemolyticus in sea shrimps was 1.9x10' cfu/g, and the lowest detectable of Vibrio parahaemolyticus in small sail was 0.89x10" cfu/g. This
study provided the foundation for the application of PCR technology to the quantitative detection of low-level pollution of live Vibrio

parahaemolyticus in aquatic products.
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Chelex-100, [ SIGMA; PMAxx, 3[H Biotium 2
#]; Premix Ex Tag TM (Probe qPCR), KiEFEAY) T
FEAH PR ; ddPCRSupermix for Probes (No dUTP).
QX200 Droplet Generation Oil. ddPCR Droplet Reader
Oil, EE{ARAH .
=1 LIEK
Table 1 The experimental strains

B AR AR IR ARG
WITKE ATCC 14028
WITRE ATCC H9809
B IAATE ATCC 12868
KA A ATCC 25922
B K FAORE CMCC 46108-5
RAERKE CMCC 51334
XA 0157 ATCC 43889
B IAATE ATCC 12868
SEEHARY CMCC 26001
AEEHEHRY ATCC 6538
Bl fn b IR ATCC 17802
B dnb IR VPL4-91
EI N ING] FRIPEAR VP200404
B dn b IR FRIPEAR VP200606
B dn IR FRIPEAR VP200609
B dn IR FRIPEAR VP201103
BIEINE CMCC 1833
FTRINE CMCC 1613
BIGIKE ATCC 27562
RANRE CMCC 1969
MASINE ATCC 33847
B3 AR ATCC 19115

1.2 g
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Table 2 The primers and probe for the detection of Vibrio parahemolyticus

LAk 3 o AediAt FF51(5°-3) J= KB bp
F CACAATGGCGCTTCCCTAAC
tlh-2 R GCGCGATGTATTGGTTCTCA 150
Probe FAM-AAGAACCTTCCGCTCTACAACTGGGCA-BHQ
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1.3.53 MESGRIR] g
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115 R AE R IIN PMA i K FE N 16 pg/mL,
BEIEHFE 10 min, (ERZEGIRCATHIBRDE 0. 2.
4. 6.8, 10 min, #% 1.3.3 f§1H Chelex-100 i=#2H DNA
JaiH T qPCR R, S MR S FNSEAER] 1.3.5.
136 IR G)F/IEH RERZE PMA-
ddPCR. PMA-qPCR 42

B 10° cfu/mL #EFHER 95 *C, 10 min 4K
FUTR BT, SANFMAAR . AHTRIAR B IR T oA TR
A, S EERGRT BN 0~100%, HARLLHE]
W2 3, SRIGHRCHIE PMA TR, SHBZH A
AN PMA B, $% 1.3.3 H Chelex-100 VEH2H DNA
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Table 3 The rate of live bacteria in dead bacteria

é‘i 0% 1% 5% 10% 20% 50% 70% 100%
EH 5
RE 2.00x10° cfu/mL

1.3.7 PMA-ddPCR #= PMA-qPCR #) R #% 52
PAMRFEN 0.8 (B BB NVILERBER (hil#s
ENL1.3.2), FEXTPHEMOIATER IR RE . BOE SR
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500 uL, PMA Z&fR403, 4% 1.3.3 H Chelex-100 7%
$ZHL DNA J5iT qPCR AT ddPCR B, [ MA
FANFAEFE 1.3.4,
1.3.8 PMA-ddPCR A A L5 LAt 5 g
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FF B3, MYt 500 uL 51K, #R%EDT
TERIE HABUS5], 7E PMA AL T abs, $REL
DNA J5 47 ddPCR B, S RAAR RASAER] 1.3.4,
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Fig.1 The specificity and sensitivity results of primer and
probes for tlh-2
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Fig.2 The results of PMA-gPCR at different PMA
concentration of different dead bacteria concentration
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Fig.3 The results of PMA-gPCR at different PMA exposure
time of live bacteria concentration
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Fig.4 The results of PMA-gPCR at different PMA exposure
time of dead bacteria concentration
E: ACt=% PMA %3249 5020 Ct A0 RE TR % PMA
2L 32 645+ FRLE Ct A
BRCTPARTHCN 6.55%10° cfu/mL U B, I
A 16 pg/mL PMA HEATAFEBE (04 24 4. 6+ 8. 10
min) [IEOEAF G, 347 qPCR, FH&5Ban& 4 T4,
MG A 8 min [N, ACt {HEK, FHMLE PMA
XPFEBEA BRI B, I e Ct KT 35,

FEEFAYE, UG PMA WREERERS 58 2 40HI SR
1. HFE 8 min {FAAH TR ARG H .

23 FiRit# 5 PMA-ddPCR. qPCR # %4

FPAR A 2~2x107 ofu/mL AR BEVE B 24>
NP, — 3T PMA A2, $2HU DNA J5 11T ddPCR
s —2HANEAT PMA AbFE, ELEEREL DNA JEHET
qPCR J 3o HRIEIAR Ct B 3 DA o7 SR
IR MPEIZE: PMA-ddPCR [IbnvfERhER 7 FE N
y=0.9934x-1.5069, R>>} 0.9949; qPCR % IhRitE Lk
A y=-3.155x+38.873, R*Jy0.9982.

2.4 PMA-ddPCR #1 qPCR #-3l 7 [5] v& B Hb.fAl

B R 4R
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TR EEXTHUE / LG
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&5 F4itE. oPCR 5 PMA-ddPCR ZE R EIEEEL HIRNLER
Fig.5 The concentration of live Vibrio parahaemolyticus of
different rate detected by plate count methods, gPCR and

PMA-ddPCR
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BRI IR S TR A A —5, HIRE
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B KA B IR —FL

2.5 PMA-ddPCR ## PMA-qPCR ) R § %
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Hl PMA-ddPCR. PMA-qPCR J7VEK 2~2x10°
cfw/mL LA R RE I RIVA IR, 455 6 v]
f1: PMA-ddPCR J7 IR R 8% N 2x10" cfu/mL;
PMA-qPCR J5 i (I R A A 2x10° cfu/mL.
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Fig.6 One-dimensional scatter plots of sensitivity of ddPCR and

the amplification plot of sensitivity of ddPCR
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Fig.7 The results of live bacteria in artificial contaminated sea

shrimp without enrichment by plate culture count and
PMA-ddPCR
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Fig.8 The results of live bacteria in artificial contaminated
small scallop without enrichment by plate culture count and
PMA-ddPCR

f8H] PMA-ddPCR Al A L5 G R AN ST
DU S B SRR, B 7. P 8 I, FE 10°~10°
cfu/mL FI5YKRE N, PMA-ddPCR lI5E Bk 5F
BT EEE RIEAW) &, PMA-ddPCR 52 A\ Ti54e3t
RN b BT RN 11210 efu/g, T A TG4
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