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Simultaneous Detection of Vibrio alginolyticus, Vibrio parahaemolyticus,
Vibrio vulnificus and Vibrio cholerae Using Multiplex PCR
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Abstract: [Objective] The objective of this study is to develop a multiplex PCR assay that can simultaneously detect Vibrio
alginolyticus, Vibrio parahaemolyticus, Vibrio vulnificus and Vibrio cholerae in the presence of an internal amplification control
(IAC). [ Method] Species-specific PCR primers were designed based on gyrB gene for Vibrio alginolyticus, collagenase gene for
Vibrio parahaemolyticus, vwhA gene for Vibrio vulnificus and ompW gene for Vibrio cholerae, 16S rRNA gene of bacteria as IAC
primers was used to indicate false-negative results. Multiple PCR method was developed after optimization reaction condition.

[Result] The multiple PCR method was proved to be rapid, high-throughput, sensitive and specific and the existence of IAC could
successfully eliminate false-negative results. The multiplex PCR was validated with 69 suspicious Vibrio strains and the results were
consistent with the physiological and biochemical experiments.[ Conclusion JThe multiple PCR method is specific, stable and reliable
for the detection of Vibrio alginolyticus, Vibrio parahaemolyticus, Vibrio vulnificus and Vibrio cholerae.
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Table Target gene and primers sequence
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T, VA BN (ATCC17749) . v I 9k &
(ATCC17802) . filfIlH (ATCC27562) . ZEHLIK
B (ATCC14035) . HIZAHIREE (ATCC1911D) |
K W AF B ( ATCC8739 ) . 4 B 0 % 4 Bk &
(ATCC43300) . 7€ TIKE (ATCC14028) . fi
FLEFFE (ATCC6633)
1.2 SIS &K

% GenBank 174 9 A gyrB J4 Xl (GenBank 1D:
AF007288) . @I INE collagenase 3K (GenBank
ID: AF326572.1)  GI539KE whA %:[A (GenBank ID:
AF376027.1) FIEFLINE ompW [ (GenBank ID:
X51948.1) LK 4N 16S rRNA RS, 5%
T KSR ORI s S 1 51 2 at R Primer
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G, ORI H 51 WA B s N S A
OO0 HA PR 5 | A I 2 R R AME B, Sl i
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H 5L S5 (5-3) FEMIRN (bpd 22530k
Target gene Primer sequence (5'-3") Products size (bp) Reference
ompW L-ji#(Forward): CACCAAGAAGGTGACTTTATTGTG 427 [15]
T (Reverse): CGTTAGCAGCAAGTCCCCAT
gyrB _Li#(Forward): GAGAACCCGACAGAAGCGAAG 337 [16]
[ JiE(Reverse): CCTAGTGCGGTGATCAGTGTTG
collagenase _i#(Forward): GAAAGTTGAACATCATCAGCACGA 271 [17]
[ JiF(Reverse): GGTCAGAATCAAACGCCG
wWhA _i#(Forward): TTCCAACTTCAAACCGAACTATGA 205 [18]
Fi#(Reverse): ATTCCAGTCGATGCGAATACGTTG
16S rRNA _L¥#(Forward): CCTGGTAGTCCACGCCGTAA 168

Fi7(Reverse): CGAATTAAACCACATGCTCCA




1684 LI 5 BN | /A = A 46 %

1.3 #AEEF R EE 4H DNA FUHEER

H A PRI B V& Pl T 3%NaCl 1) TSB 5577 4
H, BRI PRI R VA M T BHI Wi s 77 56,
37°C T ik 5 FF 5 B0 BB A, SR A R &

(TIANamp Bacteria DNA kit, TIANGEN) $& B4 4 &

K20 DNA, JfH A% 7)ot it (ND-1000,
NanoDrop) 5 DNA (K3 B A4l i
1.4 %EPCRIFRMEL

452 & PCR Jx MR & (Multiplex PCR Assay
Kit, TaKaRa) B, K& R A 50 L, 1 Mix2
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100

M: DL1000; 1: FEARLINEE. B9l MmN . a1 0ineE; 2:
FERLINE: 3. WEEINE: 4. RIVAMINE: 5. QIGIKE: 6. I IEHFR
M: DL1000 ; 1: Vibrio cholera, Vibrio alginolyticus, Vibrio
parahaemolyticus, Vibrio vulnificus; 2: Vibrio cholera; 3: Vibrio
alginolyticus; 4: Vibrio parahaemolyticus; 5: Vibrio vulnificus; 6: IAC

1 % PCR FIE— PCR 45 R
Fig. 1 Results of the multiplex PCR and single PCR
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M: DL1000 ; 1: Vibrio cholera, Vibrio alginolyticus, Vibrio
parahaemolyticus, Vibrio vulnificus; 2: Vibrio cholera; 3: Vibrio
alginolyticus; 4: Vibrio parahaemolyticus; 5: Vibrio vulnificus; 6: Vibrio
fluvialis; 7: Vibrio mimicus; 8: Escherichia coli; 9: Listeria monocytogenes;
10: Staphyloccocus aureus; 11: Salmonella typhimurium; 12: Bacillus
subtills

2 % PCR FEFMEAITEMN
Fig. 2 Specificity test of the multiplex PCR
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Fig. 3 Sensitivity test of the multiplex PCR

3 itig

ARFFUENL T BRI . BV MINE  Ah9NER
HVEFLINE 4 Fhis WA R VER JE IR IE 51N 1AC B
TN AR IVE R 2 B PCR AT 2, 1200 4 5 AH %
T Neogi £ 1zumiya SOV S J7 2ok ud, S
TR — HE ST R R 5N, JESIA
T IAC HE 7 SRR P PR H B, Hhn RSl rry oA 1
HRBEMY.

FE LA PCR ¥ g BEflt 9 Ji e Al r, SRR R e
X PCR R e B2, LRI MK A, H
AT B xF BV I 9B s I 0 BE DKL HE toxRI2
gyrBPY. pR72HEA . atpAl9. collagenase. tdhi!
S, IXUBERELDN T EI O —REFEFER, —
KRR, FELPRE IS AR b 2 DA —SeAE %
TR HIE ZHERE ML 51, T HERIX B 5 L P
Jr BUAE A 22 18] ) [R) 5P A DA S Tl hsr o v i o

MEAEINE, 16S rRNA R FEPEME AN 99.7%,
gyrB FE K K APl 86.8%124, collagenase J K () 5]
PN T7%07, DR AT 78 4% i i 1248 1 gyrB
FEDR L BRIV MONEE LSS T collagenase 2 R 94
B, B TR A R B

SV BETHE L B PCR h £ RHE, K FAES
R SCER I P A, R Primer Premier V5.0
[¥) Multiplex/Nested primer 5, Jiiidk & H TH e £
H PCR 151414, JFFIA Oligo V6.22 ¥4 517 JF
XPEIIHHATHOR, BT 514 Tm (AR — S R IESE
[F]— 1B KR EE T HI9 3 3% — 5, #2522 #E PCR 5|4
A ain) e

BIR PCR AR WIS R S, K g, (HHTA71E
PRl PR 2 W1 PCR k. DNA A HEKIE. PCR 1
il R T IAAAESE, PCR J MR [ 4 il 85— EL 52 M A )
SE R IOAERA Y . IS0 3 AR B TR 7R PCR R MR
FAPER BT B, AWTFC AT 165 rRNA JEE fR+F
X BT S E AT AR, 5INZ HE PCR KR F, L
BT v e B P (R PR S R PR R B . S IR A
2515 7 LA 1 16S rRNA JE [K A4 1 Py b 100 [ i
Ao W ) ISR P thh JEEERTRD trh PR, FERS X 265
JIEH )RR A FR7R PCR J AR BAPE I g

4 ZEig

FESL T AEY WY AR AZAE T TR A BR s A I v 35 5K
B RIVAINE . BOIREE . B ELINER 4 Fh v £
I3 B ) FLEE PCR 5925, ST e il ) R 45 7%
PCR R NARBIVERI I, $2m TR HERAEE, SRS
B R MG AN B9 (1) R A
10 CFU/mL, £ &LINE ) RS 10° CFU/ML, & H
T i R L0 I (1 DR A

References

[1] Toranzo A E, Magarinos B, Romalde J L. A review of the main
bacterial fish diseases in mariculture systems. Aquaculture, 2005,
246(1-4): 37-61.

[2] Baffone W, Citterio B, Vittoria E, Casaroli A, Pianetti A, Campana R,
Bruscolini F. Determination of several potential virulence factors in
Vibrio spp. Isolated from sea water. Food Microbiology, 2001, 18(5):
479-488.

[3] Zzhang X H, Austin B. Haemolysins in Vibrio species. Journal of
Applied Microbiology, 2005, 98(5): 1011-1019.

[4] Su Y C, Liu C C. Vibrio parahaemolyticus: A concern of seafood



1686

dOE R W R %

46 %

5]

(6]

[71

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

safety. Food Microbiology, 2007, 24(6): 549-558.

Schmidt U, Chmel H, Cobbs C. Vibrio alginolyticus infections in
humans. Journal of Clinical Microbiology, 1979, 10(5): 666-668.
Vantarakis A, Komninou G, Venieri D, Papapetropoulou. Development
of a multiplex PCR detection of Salmonella spp. and Shigella spp. in
mussels. Letters in Applied Microbiology, 2000, 31(2): 105-109.
Vannuffel P, Gigi J, Ezzedine H, Vandercam B, Delmee M, Wauters G,
Gala J L. Specific detection of methicillin-resistant Staphylococcus
species by multiplex PCR. Journal of Clinical Microbiology, 1995,
33(11): 2864-2867.

Kong RY C, Lee SK Y, Law W F, Law S HW, Wu R S S. Rapid
detection of six types of bacterial pathogens in mariner waters by
multiplex PCR. Water Research, 2002, 36(11): 2802-2812.

Fratamico P M, Sackitey S K, Wiedmann M, Deng M Y. Detection of
Escherichia coli 0157:H7 by multiplex PCR. Journal of Clinical
Microbiology, 1995, 33(8): 2188-2191.

Neogi S B, Chowdhury N, Asakura M, Hinenoya A, Haldar S, Saidi S
M, Kogure K, Lara R J, Yamasaki S. A highly sensitive and specific
multiplex PCR assay for simultaneous detection of Vibrio cholerae,
Vibrio parahaemolyticus and Vibrio vulnificus. Letters in Applied
Microbiology, 2010, 51(3): 293-300.

Haldar S, Neogi S B, Kogure K, Chatterjee S, Chowdhury N,
Hinenoya A, Asakura M, Yamasaki S. Development of a haemolysin
gene-based multiplex PCR for simultaneous detection of Vibrio
campbellii, Vibrio harveyi and Vibrio parahaemolyticus. Letters in
Applied Microbiology, 2010, 50(2): 146-152.

Abualsoud W, Radstrom P. Purification and characterization of
PCR-inhibitory components in blood cells. Journal of Clinical
Microbiology, 2001, 39(2): 485-493.

Hoorfar J, Malomy B, Abdulmawjood A, Cook N, Wagner M, Fach P.
Practical considerations in design of internal amplification controls for
diagnostic PCR assays. Journal of Clinical Microbiology, 2004, 42(5):
1863-1868.

Nordstrom J L, Vickery M C L, Blackstone G M, Murray S L,
Depaola A. Development of a multoplex real-time PCR assay with an
internal amplification control for the detection of total and pathogenic
Vibrio parahaemolyticus bacteria in oysters. Applied and
Environmental Micobiology, 2007, 73(18): 5840-5847.

Nandi B, Nandy R K, Mukhopadhyay S, Nair G B, Shimada T, Ghose
A C. Rapid method for species-specific identification of Vibrio
cholerae using primers targeted to the gene of outer membrane protein
ompW. Journal of Clinical Microbiology, 2000, 38(11): 4145-4151.

Zhou S, Hou Z, Li N, Qin Q. Development of a SYBR

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Green | real-time PCR for quantitative of Vibrio alginolyticus in
seawater and seafood. Journal of Applied Microbiology, 2007, 103(5):
1897-1906.

Pinto A D, Ciccarese G, Tantillo G, Catalano D, Forte V T. A
collagenase-targeted multiplex PCR assay for identification of Vibrio
alginolyticus, Vibrio cholerae, and Vibrio parahaemolyticus. Journal
of Food Protection, 2005, 68(1): 150-153.

Panicker G, Myers M L, Bej A K. Raped detection of Vibrio vulnificus
in shellfish and gulf of mexico water by real-time PCR. Applied and
Environmental Microbiology, 2004, 70(1): 498-507.

Izumiya H, Matsumoto K, Yahiro S, Lee J, Morita M, Yamamoto S,
Arakawa E, Ohnishi M. Multiplex PCR assay for identification of
three major pathogenic Vibrio spp., Vibrio cholerae, Vibrio
parahaemolyticus, and Vibrio vulnificus. Molecular and Cellular
Probes, 2011, 25(4): 174-176.

Kim Y B, Okuda J, Matsumoto C, Takahashi N, Hashimoto S,
Nishibuchi M. Identification of Vibrio parahaemolyticus strains at the
species level by PCR targeted to the toxR gene. Journal of Clinical
Microbiology, 1999, 37(4): 1173-1177.

Venkatesmwaran K, Dohmoto N, Harayama S. Cloning and nucleotide
sequence of the gyrB gene of Vibrio parahaemolyticus and its
application in detection of this pathogen in shrimp. Applied and
Environmental Microbiology, 1998, 64(2): 681-687.

Lee C Y, Chen C H. Sequence of a cloned pR72H fragment and its use
for detection of Vibrio parahaemolyticus in shellfish with the PCR.
Applied and Environmental Microbiology, 1995, 61(4): 1311-1317.
Blackstone G M, Nordstrom J L, Vickery M C L, Bowen M D, Meyer
R F, Depala A. Detection of pathogenic Vibrio parahaemolyticus in
oyster enrichments by real time PCR. Journal of Microbiological
Methods, 2003, 53(2): 149-155.

Pascual J, Macian M C, Arahal D R, Garay E, Pujalte M J. Multilocus
sequence analysis of the central clade of the genus Vibrio by using the
16S rRNA, recA, pyrH, rpoD, gyrB, rctB and toxR genes.
International Journal of Systematic and Evolutionary Microbiology,
2010, 60(1): 154-165.

ElER, BURRI, R 8, TkES, SIS B0 ORRAE B LR 2
B PCRAGIN 2 IRLA . JLRR AR K 22244K, 2010, 41(6): 701-705.
LUS X, Zhu R G, Liu Y P, Zhang Z, Hu Y. Multiplex PCR assay for
the detection of pathogenic Vibrio parahaemolyticus in seafood in the
presence of internal amplification control. Journal of Shenyang
Agricultural University, 2010, 41(6): 701-705.(in Chinese)

TR RO



