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ABSTRACT - Vibrio is a genus of Gram-negative, curved, halophilic, and non-spore-forming bacteria. Some of
the Vibrio species, such as V. cholerae and V. parahaemolyticus, often contaminate seafood products and occasionally
cause human diseases when the seafood products are ingested. A total of 24 Vibrio strains were isolated from shrimp
samples on Thiosulphate citrate bile salt sucrose (TCBS) media in this study. All of the 24 isolates were confirmed to
belong to the genus Vibrio by using 16S rRNA gene sequence analyses. Vitek 2 system and species-specific poly-
merase chain reaction (PCR) methods were used to further identify a total of 29 Vibrio strains at the species level,
including the 24 shrimp Vibrio isolates and five Vibrio reference strains. The specificities of the two methods to iden-
tify Vibrio strains at the species level were compared in this study. The species-specific PCR method was designed to
detect five different Vibrio species, such as Vibrio cholerae, Vibrio parahaemolyticus, Vibrio vulnificus, Vibrio algi-
nolyticus, and Vibrio mimicus. From the 24 Vibrio shrimp isolates, the Vitek 2 system method could identify 15
(62.5%) strains as Vibrio species and 7 (29.2%) strains as non-Vibrio species, but could not identify the rest 2 (8.3%)
strains. But species-specific PCR method could identify 16 (66.7%) strains as Vibrio species and could not identify the
rest 8 (33.3%) strains. Among the 24 Vibrio shrimp strains, these two methods could unanimously identify 7 (7/24,
29.2%) strains (2 V. parahaemolyticus, 4 V. alginolyticus, and 1 V. mimicus). Considering that such different identifi-
cation results were obtained using the two different methods in this study, identification method for Vibrio species

must be carefully chosen.
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Materials and Methods

Vibrio XFEx3
2 AFodM = 559 Vibrio ETF7T °lEFHAULE ¥
parahaemolyticus ATCC 27969, V. vulnificus ATCC 27562,

V. mimicus ATCC 33653, V. alginolyticus ATCC 17749+=
American Type Culture Collection (ATCC)Z F¥ & &

YO ™, ¥ cholerae NIH 35A3L u]==-3 X 719 (National
Institutes of Health, NIH)S.2 F¥ £ wkoit),

Vibrio 22|aF

B AFA o] &H Vibrio BT 743}, HY, AA,
73, 223 Bt Aol R Aj-2HE EHU
oF R 2 AR A HA 150 g2 23S A%
% 7} AAS E7849(0.85% NaCHez 107 34
of wet AL3]A skict. 2+ A ] 314 4E Thiosulphate
citrate bile salt sucrose (TCBS, Difco, Becton Dickinson
Co., Sparks, MD, USA) BIAE o]&3lo] 37°Co|A] 244]
7k wjekate] e-5Ado] AL, yellowt} green colorE &

=) =rad] A

colonyE Vibrio & AdL 2 £FE

16S rRNA gene sequencing

A¢-ZRE 28 E 2T Tryptic Soy Agar (TSA,
Difco, Becton Dickinson Co., Sparks, MD, USA) HlX]]|
g mgste] 37°ColA 24417 wiF it wi g g2t
Z & e AEste] 1.5% NaClo] X3H¢E Brain Heart
Infusion (BHI, Difco, Becton Dickinson Co., Sparks, MD,
USA) brotholl Sl sttt Sl & t3-3 7o)
boiling methodE ©]-&-3to] WA O ZHE genomic DNA
S FEAh wig 1 mLE 14,000 rpml 2 387 €
A ste] dsdS AABL, cell pellets AT
Cell pelletel “5&—’?‘ I mLg A7ksE & 100"C°ﬂ"1 1037+
7Fetaith. 71 & 247 Ao WA $ 14,000 rpm
o7 3R A4EE sisinh i § ”’%—He template
DNAZ Al&-8i%it.

Fibrio HEWAE: ol ofe] $2I8l A elae] &
HE F13}7] 3l 16S rRNA gene primers ©]-83}
PCRE 735159 t}. PCR RES-2 forward primere} reverse
primer (100 pmole/1 uL) Z+Z} 2 ul, 2 x Taq PCR Smart
Mix (Solgent Co., Daejeon, South Korea) 20 puL, ZL2] 3L
template DNAE 26 pLZ2 %2 50 uL= 331 th. PCRS
Gene Pro Thermal Cycler TC-E-48D (Hangzhou Bioer
Technology, Binjiang, China)E AFg-3le] a3t}
Aol o] 8% 16S rRNA gene primer F714 83} ¥H-&-3
712 Table 19 YERHATE PCRS 33 F PCR AH&
£ 1.5% agarose gell A7]9%5 3 F SL-20 High Per-
formance DNA image visualizer (Seoulin Scientific Co.
Ltd., Seongnam, South Korea)Z target bandE &<13}it}.
T3k 16S rRNA gene PCR FZAMEo] tjsle] DNA
sequencingS 333} ). 16S rRNA gene®] sequencing
dideoxynucleotide-chain-terminating DNA sequencing 2]
£ 7]%% 3}= ABI 3730XL DNA AnalyzerZ ©]-&3}3
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Table 1. Polymerase chain reaction (PCR) primers and amplification conditions used in this study

Amplification conditions" products

species Target Primer names Primer sequences (5°-3’) Reference
genes D A E (bp)
. . . 16S 27F AGAGTTTGATCMTGGCTCAG 95°C, 45°C, 72°C, Thwe et al.
Universal primers  ribosomal 881
RNA 907B CCGTCAATTCMTTTRAGITT 30s  30s Im (2011)
flaE Vp.flaE-79F GCAGCTGATCAAAACGTTGAGT o94°C. 50°C. 72°C Cheryl etal.
V. parahaemolyticus ’ ’ ’ 897
gene  VpflaE-934R  ATTATCGATCGTGCCACTCAC 30s 30s Im (2007)
colG  VA-F CGAGTACAGTCACTTGAAAGCC o94°C. 55°C. 72°C Angelaetal.
V. alginolyticus ’ ’ ’ 737
gene VAR CACAACAGAACTCGCGTTACC ~ 30s  30s Im (2005)
hsp Vv.hsp-326F  GTCTTAAAGCGGTTGCTGC 94°C.  55°C. 72°C Cheryl etal.
V. vulnificus ’ ’ ’ 410
gene  Vvhsp-697R  CGCTTCAAGTGCTGGTAGAAG 30s 30s Im (2007)
sodB ~ Vm.sodB-F CATTCGGITCTTTCGCTGAT 94°C.  50°C. 72°C Cheryl etal.
V. mimicus ’ ’ ’ 121
gene  VmsodB-R2  GAAGTGTTAGTGATTGCTAGAGAT 30s  30s Im (2007)
sodB  Vc.sodB-F AAGACCTCAACTGGCGGTA 94°C.  55°C. 72°C Cheryl etal.
V. cholerae ’ ’ ’ 248
gene  VesodB-R  GAAGTGTTAGTGATCGCCAGAGT 30s  30s Im (2007)

YD : denaturation; A : annealing; E : extension

t}. Sequencings F3F] &R 16S rRNA gene E71A4
g2 GenBank’d9] basic local alignment search tool
(BLAST) 2135 o]&3}le] o]r] GenBankel] 55%
16S rRNA gene G71XE 2] 54S vl 43130

Vitek 2 system BFHE o]-&3%t Vibrio 2] 57

B AgeM= s/ Vibrio £FFF¢ TCBS wiA4
oAlA € 12370 Vibrio €14 EEHEF S 16S RNA
gene sequencing A3} Vibrio 27 FelHE 247012 Eg
55 o2 v dS APt #5= 3% NaCl
o] X% Nutrient agar (Merck, Darmstadt, Germany) Hl
Aol 23] Al WS st A s}siaint. &AdskE +F
= 045% NaCl 892 AF23}9] densicheckol Al 0.5
McFarlandZ 38]4& 3 & GNI cardol]l #3514 Vitek 2
system (bioMerieux, Marcy I'Etoile, France)> 2 48 4=
FatAch A3 $=2 Advanced Expert System (AES)
softwaree]] ]3] ApEo 2 A W AEste] FHIACH
A543 AFE 90% oS SHE T8 o= WPkt

Species-specific PCR B 0]-23t Vibrio #2] 5%

B Aol o] 8" 5719 Vibrio 59+ TCBS HiA|
FellA E2E 12370 Vibrio 914 #EFF S 16S IRNA
gene sequencingS ©]-&3t A A} Vibrio £02 <l
H B dF 24709 thske] 57 species BE ZF Vibrio
speciesl] 5°12Ql primerg ©]-83}4] species-specific PCR
< FdskAnh PCR BFE4 2 forward primer®} reverse
primer (100 pmole/uL) Z}ZF 2uL, 2x Taq PCR Smart
Mix (Solgent Co., Daejeon, South Korea) 20 uL, 28] 3L
template DNAE 26 uL 2 F&2 50 uL 2 331t} PCR

2 Gene Pro Thermal Cycler TC-E-48D (Hangzhou Bioer
Technology, Binjiang, China)& AFMg-3te] a5}t PCR
< 33 ¥ PCR 2HELS 1.5% agarose geloll A7195 3t
% SL-20 High Performance DNA image visualizer (Seoulin
Scientific Co. Ltd., Seongnam, South Korea)= target band
& AL ¥V parahaemolyticus, V. alginolyticus, V.
vulnificus, V. mimicus L2153 V. cholerae Z}7+2] species-
specific primer£¢] ¥71A €3} PCR ¥H&-37-2 Table 1

o YerRAct.

Results

Vibrio 22] 23]

Vibrio 18] 2|1 TCBS v A|/dell Fd % colony &
yellow$} green 22 W= colonyE Vibrio 4 Ao 2 H
Astal e skt 2 23 F 750 gol AS- AAIS
N A ZRE 7 ALK H=2 150 g FRE AfS- A
ANERE Vibrio 2T 123718 FEETH

16S rRNA gene sequencing

ZF 1237) Al B2 FFE UdSZ 168 tRNA gene
sequencing2 T3 31 TE 16S rRNA gene sequencing=
Eato] guE BedF2] 16S rRNA gene F714<ES o
Aoz &te] Blast A3l GeneBank’d9] data®} vl
243199t 16S rRNA gene sequencing ¥4 23}, & 123
M G- 2T T 2470(19.5%) E21FF7 Vibrio 49
&3l Ao2 BRlE ]l 16S rRNA gene sequencing 2
Foll o5l HEHOE Jibrio £O7 oW HdF
2470+ Vitek 2 system WHI} species-specific PCR W
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Table 2. Identification of Vibrio reference strains and isolates from shrimp using Vitek 2 system

Identification results

strains Note
Species Probability
Reference strains
V. parahaemolyticus ATCC 27969 Vibrio parahaemolyticus 99%
V. vulnificus ATCC 27562 - - unidentified
V. cholerae NIH 35A3 - - unidentified
V. mimicus ATCC 33653 Vibrio mimicus 96%
V. alginolyticus ATCC 17749 - - unidentified
Isolates
VNA3 Vibrio parahaemolyticus 99%
VNBI1 Vibrio parahaemolyticus 99%
VNB2 Vibrio parahaemolyticus 95%
VNCl1 Vibrio parahaemolyticus 95%
V-117 Vibrio vulnificus 99%
B-5 Vibrio vulnificus 99%
B-6 Vibrio vulnificus 99%
B-7 Vibrio vulnificus 99%
B-8 Vibrio vulnificus 99%
V-35653 Vibrio mimicus 99%
VGA1 Vibrio alginolyticus 96%
VGE1 Vibrio alginolyticus 99%
VGF1 Vibrio alginolyticus 94%
VNA1 Vibrio alginolyticus 98%
VTA1 Vibrio alginolyticus 99%
VGB2 Sphingomonas paucimobilis 88%
VGD1 Sphingomonas paucimobilis 93%
VGF2 Sphingomonas paucimobilis 94%
VGH1 Sphingomonas paucimobilis 89%
VGI1 Sphingomonas paucimobilis 89%
VND1 Sphingomonas paucimobilis 94%
VGCl1 Acinetobacter haemolyticus 95%
VTBI1 - - unidentified
VTB2 - - unidentified

S o] 83k species T FHAH o] &Y}

Vitek 2 system B 0|29t Vibrio #9] 37

Vibrio 305 5701¢F 16S tRNA gene sequencing 2 3}
Vibrio 0.2 SR18 T2 240E g = Vitek 2
system YRl 9|l BAS FPsigon EAASGE
Table 29| YEMST}. 570 Vibrio 345 S V. para-
haemolyticus ATCC 279699} V. mimicus ATCC 33653+%
probability”} Z+2F 99%2} 96%= o33 E ZAxtel U3}
S 28y YA 7ol Z2F5(V vulnificus ATCC
27562, V. cholerae NIH 35A3, V. alginolyticus ATCC
17749)= 5ol A 23Ut 16S rRNA gene sequencing
Ao ot Vibrio £0E FAHIJG 24709 |+t
3 % 15707} Vitek 2 system W &gk #4418 F3ho
Vibrio species T2 FAH = AT YA 97fe] e+
+F T o/ BElFF= Sphingomonas paucimobilisZ &7

AL, 17 E=-FFE Acinetobacter haemolyticusZ &

AENeH, U 27)e) EedFe $HEA BT

Vibrio species-specific PCR ¥HE 0]-83t Vibrio #2]

X

Vibrio 305 5701<F 16S tTRNA gene sequencing 2 3}
Vibrio 2.2 ¥ Haa4F 24/ E UdSE species-
specific PCRS 3 gt A3}, 5709 Vibrio &40l
ZYZ}y Vibrio species®l| 39 3H= target band7} ERIE Y
. 9le]l A= Ho}l 7} Vibrio species-specific primer”}
Z}o] Vibrio speciesol]l So]F o2 wkSSiti= S &
& = ATk 28]3 16S rRNA gene sequencing 2 3}
of &ate] Vibrio £02 FZEHIJD 2470¢] AT F
167l B2 species-specific PCR WWH-S 531 Vibrio
species FELRE FHHAL, UHA O BHLFE F

A=A 24, 2 species-specific primerg ©]-83l] PCR

(AN A
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Table 3. Identification of Vibrio reference strains and isolates
using species-specific PCR

species-specific primers"
Vp Vv Vc Vm Va

strains

Reference strains

V. parahaemobyticus ATCC 27969 +? - - - -

V. vulnificus ATCC 27562

V. cholerae NIH 35A3 - - + - -

V. mimicus ATCC 33653 - - - + -

V. alginolyticus ATCC 17749

Isolates

VNBI1

VNB2

VTBI1

VTB2

V-117

B-5

B-6

B-7

B-8

VGAI1 - - -

V-35653 - - -

VGE1 - - - - +

VGF1 - - - - +

VNA1 - - - - +
+
+

1
+
1
1

1
1
1
+

+ o+ + o+t
1
1
'
1

VNDI - - -
VTAI - - -

VGB2 - - -
VGC1 - - -
VGDI - - - .
VGF2 - - - .
VGHI - - - .
VGI1 - - - .
VNA3 - - - .
VNCI - - -

YVp : Vibrio parahaemolyticus species-specific primers (Vp.flaE-
79F, Vp.flaE-934R); Vv : Vibrio vulnificus species specific prim-
ers (Vv.hsp-326F, Vv.hsp-697R); Ve : Vibrio cholerae species-
specific primers (Vc.sodB-F, Vc.sodB-R); Vm: Vibrio mimicus
species-specific primers (Vm.sodB-F, Vm.sodB-R2); Va : Vibrio
alginolyticus species-specific primers (VA-F, VA-R)

YData were presented as positive (+) and negative (-) PCR ampli-
fications.

< 433 A= Table 39 YERASITE
Discussion
2 AFA = sikEdA 7P HIREHAl AEEE Al
@Sl Vibrio 55 WFo® dto] A5t Wl Vitek 2
system WHI} EAAYEEH WHQl species-specific PCR
e SRAAE Bl - Frhetalat spinh. 2 Al o]
= 209 gE S ARkl 42 $HZAHE Table 4

o BlaLste] yERl ATt

Vitek 2 system WHE o83 A Vibrio T 2
7N(2/5, 40%), 16S rRNA gene sequencing A3} Vibrio %
o7 INE EFFF 1570(1524, 62.5%) T2 = 17/
F(17/29, 58.6%)7} Vibrio 2.2 R E Yo, Y=z
1270 d3(12/29, 41.4%)= Vibrio 2.2 $4o] HA &
ATt
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Z 570575, 100%) B Vibrio 0.2 %Xé o] El?i
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2T 2470 F 1670(16/24, 66.7%)%. Vibrio S22 %
o] FojA F 2171 dF(21/29, 72.5%)7} Vibrio 2.
AERom, YA 8 #F(8/29, 27.5%) Vibrio L
2 5ol HA Ut

o|o} 7+o Ao x| thekdl A3Flstd HPHL =3
% 3o FAAHN7 7 (interspecies) 3o YD FU)
(intraspecws) ANME thFet A5 vetfo] &g 54

< B7FssHl ab7] wEel] 711€ o2 ALEETh Yoon
92 1037H94 V. vulnificus d57}% Vitek 2 GNI+cardell
93] 24%FF 2] bionumberZ TH % U3, Ryang 5'"9]
Oﬂ?-oﬂ*it V. vulnificus 237 455 1oz Aety
ARl pulsed field gel electrophoresis (PFGE) WH S A}
skl AT A, fFAsH R vl teFsital 5k
th B oE SHOA e Ao ok AAA R
A el = Vibrio 8] 79 w5 theke Astety 54
< Hol|7] wiiel Astez el Wwe AR A &
el B2 ZA7F o] oA AFAEe] o By
ATHY. T3t Vitek 2 system@HH ol 25l THE A9, data
based| QU= Al T THHA B A7t de AL
Z HIFEPTY. = Vitek 2 systemTH 2] data base2] H
At gl wet T8 B AFHS e o= A8

o]rl

¢

o
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Xu)
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<
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[¢)
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[\
w
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o
2
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T
2
1o

o
=)
o
i
offl
X
fo
ot
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Ade dedle Zelgt & F len, 2o upebA
Vitek 2 system ©]§3%F AW H-2 Hrt F &3 data
base T-=r0] AlESiHtaLl AT Hojxitt.
EAAY &84 WHQA species-specific PCR WS 7
parahaemolyticus, V. cholerae, V. alginolyticus, V. vulnificus,

V. mimicus 5&°l U3t species-specific primerE ©]-8-3}o4
A&t A sAAAE 4S5 7 IAH oE 168
rRNA gene sequencing 23} Vibrio 2.2 3R1E Rl
T 20N T FREA &2 &N d5= V. parahaemolyticus,
V. cholerae, V. alginolyticus, V. vulnificus, V. mimicus &
2lol| T2 Vibrio species® ALFE T}

2|5l o9} Fro] F 7HA WHE Tt sAHdE A

= Hasile W 5 Aol ZA4E Ssith 2F
TFE X3 F 29919 Vibrio dFE Vitek 2 system
W3} species-specific PCR WHOo 2 Zb2t A3 A3}
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Table 4. Comparison of species names identified by Vitek 2 system and species-specific PCR

Strains

Species names

By Vitek 2 system

By species-specific PCR

Reference strains

V. parahaemolyticus ATCC 27969 V. parahaemolyticus V. parahaemolyticus

V. vulnificus ATCC 27562 - V. vulnificus

V. cholerae NIH 35A3 - V. cholerae

V. mimicus ATCC 33653 V. mimicus V. mimicus

V. alginolyticus ATCC 17749 - V. alginolyticus
Isolates

VGAI1 V. alginolyticus V. mimicus

VGB2 Sphingomonas paucimobilis -

VGCl1 Acinetobacter haemolyticus -

VGD1 Sphingomonas paucimobilis -

VGE1 V. alginolyticus V. alginolyticus

VGF1 V. alginolyticus V. alginolyticus

VGF2 Sphingomonas paucimobilis -

VGH1 Sphingomonas paucimobilis -

VGaJl Sphingomonas paucimobilis -

VNAI1 V. alginolyticus V. alginolyticus

VNA3 V. parahaemolyticus -

VNBI1 V. parahaemolyticus V. parahaemolyticus

VNB2 V. parahaemolyticus V. parahaemolyticus

VNCl1 V. parahaemolyticus -

VND1 Sphingomonas paucimobilis V. alginolyticus

VTA1 V. alginolyticus V. alginolyticus

VTBI1 - V. parahaemolyticus

VTB2 - V. parahaemolyticus

V-35653 V. mimicus V. mimicus

V-117 V. vulnificus V. parahaemolyticus

B-5 V. vulnificus V. parahaemolyticus

B-6 V. vulnificus V. parahaemolyticus

B-7 V. vulnificus V. parahaemolyticus

B-8 V. vulnificus V. parahaemolyticus

Vibrio a5 271(2/5, 40%), 16S rRNA gene sequencing
A3} Vibrio 0.2 31" HE2dF 70(7/24, 29.2%) 5
o F 9H(929, 31%) FFE°] T8 AFTo] ATt
EYA g A F i nAAEY target geneo] 7] HAL
H specificdt gene ©]-&3le] TP B Jd A
7} Vitek 2 system WHe] FAIAG1D Ok RS 7+
oksl ] species-specific PCR W o] o A3slttes A
gl & & AU

Al o2 Ml speciesoll V]38 Vibrio species®l T &
Vitek 2 system ®'H 3} species-specific PCR WHe] o+
7F mlEste] F7HdEe]l SETh B B Ao A 24
N A Vibrio E21TT5 HESE 3t Vitek 2 system
W 3L species-specific PCR WS 823519 wl 23

bR BARe] dRe] EEaTE L] F

-

X A=
o Be BeFRs suael 37149 FAAAL sjof
¥ axol Yot vhAToR B ATE Falel de o

TAHNEL v}y H 3 Vibrio %(species) HEWE
< 93 712 AEE o]§E F IS AR AEH.
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Aystetal WHl Vitek 2 system™H 2 EAME =S W
W<l species-specific PCR W'H & ARE-sle] A2 544
5 - Grkstaat ek & Aol XE 5709 Vibrio
FETdT9 16S rRNA gene sequencing 2 3ol 2] 3}
Vibrio -0 % Q1% 247)] &elaF7} ©]-&-¥ Ut Vitek
2 system™'HS o] &3 g, o]k o] & Aol AHE
B 290 4F F Vibrio 23T 20(2/5, 40%), 16S tRNA
gene sequencing A3 Vibrio 402 ld EHAF 15
(15124, 62.5%) 52 F 1770 F3=(17/29, 58.6%)7} Vibrio
o2 FAHAY. 23] 3L species-specific PCREH S ©]
& A, e 291 #F F Vibrio AT S/N(S/5,
100%), 16S rRNA gene sequencing A3} Vibrio 2.2 &
E B3 1671(16/24, 66.7%) 5 & 2170 #F 21/
29, 72.5%)7} Vibrio 2.2 &= At} Vitek 2 system™
M3} species-specific PCRAHS o] &3l SHE AxS
VWSS Wl XFAT SV parahaemolyticus, V. mimicus
T 270 (2/5, 40%), A2+t 2470 SellA 16S rRNA
gene sequencing A3} Vibrio 2.2 ¥R1E EHF 7
(7124, 292%) 52 = 97929, 31%) FFE0 I &
B o] A3t
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