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Quantification of Vibrio parahaemolyticus Using a Most Probable
Number-Polymerase Chain Reaction Assay Targeting the H-NS gene

Tae-Ok Kim and Kwon-Sam Park*

Department of Food Science and Biotechnology, Kunsan National University, Gunsan 573-701, Korea

We applied a combination of most probable number-polymerase chain reaction (MPN-PCR) methods using a PCR
procedure targeting the H-NS (VP1133) gene to detect Vibrio parahaemolyticus presence and density in seawater as
well as within short-necked clam Ruditapes philippinarum tissues collected from Gomso Bay, Korea. In 30 seawater
samples, V. parahaemolyticus levels ranged from less than 1.8 to 1.1x10* MPN/100 mL, and samples from August
showed higher than those from other months. Furthermore, the levels of V. parahaemolyticus in six short-necked
clam samples ranged from 7.8x10% to 2.1x10* MPN/100 g, approximately 2.5 times higher than in seawater samples
from the corresponding month. Our results provide data on V. parahaemolyticus contamination in seawater and short-
necked clam tissues, and help to improve quantitative methods of assessing V. parahaemolytcius levels.
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%4 H] B 2] @ Vibrio parahaemolyticus)= A= S84 3%
Alete & o] wtof] L HH oIl 7 Tz EFE5HA 7HE A 2H
TARES A M AL B, TR, @3t uE 52 F
Hhets S99 E S48 427l Avt Bf-ole Aol o
27 8= 2155 Hlo]tH(Sakazaki et al., 1968; Blake et al.,
1980; Honda and lida, 1993). &RF4 0 2 3|~ 4 oyl F 52
AFAA A 2ot TR ] AR He| e WU FAAE
RHEa1A] ob= HIH A w54 B RAAe AES HH
sho] S/ 918 S Uil 2ke 7HdEolA] &2t
FAH B ] 29] 97% o] o] 59| A Q] B 1Akl
Y E A4 =(thermostable direct hemolysin, TDH) E+= W&
A48% B8-S =(TDH-related hemolysin, TRH) %=}
H.G35a QIth(Shirai et al., 1990; Honda and Tida, 1993).
FO|ORE A O] Al SAAAF A= o5t 2002
AFE 2013712 127t -2fuhetollA] At Aedn] e
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Qof| oJgh AlF5 AfalE F& o] S| FYFA o R WAysh
AL 9 S A Al AlSE ARG 16.5% 2
8.2%= 2}A|5}aL QITHMFEDS, 2014). AbA4=2= WA
X, Amdate] o]o] 39jo] Sxf=R = YUY, Y
A, At dlEte] o]o] 4915 ZFA|SHAL Q1] wiiEe] 4=
AHE9] Qb ShE = A E A QAT vl F 28 THMEFDS,
2014). sfi=ollA] Au] B e @ o] A= 423k Yisto] 42
o] 17T oiF o & st sha 7] o= A -9 2] FEi= 3)
Fol| A A HEEU 420] 10T o]3t&E RolA|H HERE
£ 243 oA A7 = AL B T EYIEY
719 Sof Faleto] Ygittar Halk|o] 9lont AAgh U
ol tisljAl= oF2] g =l o] Q1A Ydrh(Kaneko and Colwell,
1975; Makino et al., 2003). ZH]H ] 0= X2 0] 2710]|A]
9] AlAlZko] 8-1248 A ER o= Al E ohie Wef A
B-4r7holl Alems dod = Yol B2 4 o7 o
ol An|E e Qof o5t AlF5 AR oS $leliAl= Al
AZo] uj$- % 2 3 tH(Makino etal., 2003). SAHE 2 HE] A4
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H|H 2] @ o] ZZHHofli= PCR assay, most probable number
(MPN) (Copin et al., 2012), DNA hybridization (Wang et al.,
2011), Chromogenic agar (Su et al., 2005)E ©]-&5}= Y
£0] HarEo] §lou} o]FoA4] PCR assay= thE ol H]
3l Al&st HETATL FHold A Fo FHORE Qlsto] W
o] o]-8-&] 11 QITKKim et al., 1999; Kim et al., 2008; Yu et al.,
2010). | Z7A] PCR assay©l| AF8-5 Agu|He] e o] 34 &
AR tdh, trh, toxR, 1poS, irgB 2 gyrB 50| 321 A3l
¥ B ARNSA WS 5o FAHS WESIL 2lrHVen-
kateswaran et al., 1998; Bej et al., 1999; Kim et al., 1999; Yu
etal., 2010).

H-NS (histone-like nucleoid structuring) T 22 A £z} &
Z = AT-rich DNA°] Zgste] M FHAAE Z3st v
AR HALE A e SA o s HARA ¢
Az g A glom Hdii g, Andel, V. cholerae 5 th
220 WA Aol A B 1E] o] 9lcH(Fang and Rimsky, 2008).
20034 #¢JH|H 2] 9 RIMD2210633 w5:2] 1414 DNA ¢
71 g s 522 2 FAA o H-NS (VP1133) -4 x}k2] 24
7} 918 % 2.1 (Makino et al., 2003), 7L -5 2] DIG-labeling
probeS ARE3E dot-blot hybridizationt] .2 YA A 746
o ANl e 465 S o R §H4 ERlIRE Aud
At Ao Al BE Aol A H-NS f-37ke] 2471 =
=] FAH B 2 A4S 913 FA AR A 9 7Hs/d o]
AJAFE] RITk(Park et al., 2005). No et al. (2011)= AgH| 2
2.9] A4 FAS $13H PCR assay 2] 345422 H-NS 54
Apo] e e FE 23 o] SAA T el 0 o] £
ol A ] 2] S0 ARk Sol o] BRRIElo] HANS AH:
Ael| el o0 4T W EAE I8 SAARA S 48
e B s}

2 = S B ARl 2R Sk A e .o A

< 9514 most probable number (MPN)&} H-NS 42 3%
N
Buan-gun ( W‘@” F
¥ ' s
o (@]
o CW-3
W W-2 °
° g 38 -
S-1 2 wa
@) .
w-5 KOREA
| =
1km Gochang-gun
—

Fig. 1. Location of sample collection stations in Gomso Bay from
June to November 2013. o, seawater sampling stations; e, short-
necked clam sampling stations.
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a4 9 wixle A= o] AHAHE Fig. 1o A5t o
= 20139 6EFE 11970 Mkl want s 5309
AR A w194 F 6]l AA Ao, viAl
2he. 330] A o4 20139 783} 89 & 23] A5
s Fe e Al 4 2ARHOIAN £58 AT A
stol el 250 mL H7gel 24 AHSAOR, Hix
742 A 2t 2R HOIH AHETE ALgste] 47 235}
o AFEE 4 W HhAI e AR Aol A9 ofo]ur
gl 10T ol3tz §AI5te] AR U Suie 5 B
& AABHICE B40] 42, pH, B R GRS E FURA
Z1(YSI556 multiprobe system; Yellow Springs, YSI Life Sci-
ence, OH, USA)Z AH§-3le] @4 sk,

A
a4 =8

= 38 rlo op IL

PCR assaye] oI5t Ju| el o] X4 a5 wS 245
7] $J8}o] 3% sodium chloride®] 7}l Luria-Bertani (1%
tryptone, 0.5% yeast-extract, 3% NaCl) broth o] 4] 5151
oFsh Ahedn| B 2] ¢ RIMD2210633 #3535 ¢4 £2](12,000
rpm, 2 min)s}o] sttt of7]of 1.0 mLe] PBS (phos-
phate buffered saline, pH 7.2)E 7}5}0] dgF & 4 £2]5}¢]
PBSE Az} #et oGttt 542 A 10 pLE count-
ing chamber (Paul Marienfeld Gmbh&Co, KG Lauda-Konig-
shofen, Germany)el| ¥ 17 338+ u]7Z(Olympus CX31RBSF,
Olympus Optical Co., LTD. Tokyo, Japan)s}ol| 4| «-+=& 213
AZsto] Atetdl o A3t FE7A] 103 o2 3]4 5o
PCR assay©] AF8-5}% Tt

PH[EE|29] HEAE

sl 9 AR SO FYulHe]e FRS ff8l Recom-
mended Procedures for the Sea Water and Shellfish (APHA,
1970)0ll &ske] AlAskith. s 2S5% 2% sodium
chloride©] 27} alkaline peptone water (Merck, Darmstadt,
Germany) 10 mLof| 37 A|@TH2o 2 10, 1,0.1 2 0.01 mLA
& T 35ColA 16417 2] vl FsQiTh. E3F BEA 2k
dH o2 G7F 5 825 g2 HutH Waring Blender cup (Tor-
rington, USA)Sll 531 of7]of) 9u} ko] matolbelss| sl
(phosphate buffered saline, pH7.4)2 37|50 90 59F &
3ot ths 1035 0.2 AAeE A7HA] 3] 4lsto] slpet 5
SHA| 370 Al ER o8 HERE F 35Tl A 16A17F HA] vl
s9ick. 2 HloFol 1.0 mLE eppendorf tbeol 218 4122]
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(12,000 rpm, 2 min)3t 3 v QFeH-2 Qb 3] A Aslo] oA E 2
3k} o7 Hat 575 02 mLE 7)she] de 5 98T
of|A] 5E3F EA 2] & H-NS F-H44F 3E2 95 PCR assay-§-
5% DNAR ARE-5H3ITh H-NS §-4442] F-34k0] 2jlE
NG oFgo g wA4sto] &< (most probable number,
MPN)oj| #8501 100 mL F+= 100 g Zof] A5H= Agdn| 2
2] Q9] F== A4S

PCR assay &7

42+ FZol= EmeraldAmp GT PCR Master Mix (Ta-
kara, Japan)S AF-5FGIT} hns 2 foxR Zefo|m o] 2w
L vkgalof k22,0 pmolo] H|EE skl on], ukgole
% 50 pL7} H=2 3199tk PCR 242 95T o4 13] 387k
o WA F95°C 30%, 55°C 302, 72T 3022 3 w2 51o]
°0]& 303] HHE3to] DNAE $Z313itt 555 DNA AFES
1.5% agarose gelol| A A 7] 4% 3 ethidium bromide = A3}
o Vilber Lourmat (Bio-Paint ST4, Marne-la-Vallee, France)
A} Gel-Doc system ©. =2 32514t

Z4 I.EII

247 =}

= 1=
PCR assay0il 2|5t
ol ZE

PCR assay©] o3t 4gn|He] 2o HE3tA o et Hile

4 ZARIT). AU DNAS 7302 groFL§HALE ¥4
O & g 7%, PCR assay©l| 9|3t &3 5&=+= 100 pg o=}
I B 15}a1 Q) 0 wf(Hossain et al., 2011), H-NS -4 2}-5 3£ 4]
©.2 3} PCR assay©]| o]+ &3] F=& 0.14 pg 0|2}
B35k gl om(No et al., 2011), O-serogroups 402 3F
PCR assay©]] 2|3t H& 4% %= 1.0ng o]eta H11sl Q)
th(Chen etal., 2012). E3+ 74| = 53 © & PCR assayol] 2J3t
A& 4 #4= 10 colony forming unit (CFU) $ithal Bl
%] o] QItH(Wei et al., 2014).

H-NS §-422 2202 1= PCR assay©] 2|3t Aeju) 2
e A% HE s HES flote] 44 s=E 5t
SoHo] 0.8 X 104CFU A 0.8 X 10° CFU 5%/} H =5 274
stol 271319k, Fig. 201 Al A5 vlo o] HNS §04h0) 5
22,8 10° CFU 0|4 = DNA®| %24H20] 2R1E%
OEQFAWE LFH Z] 0.8 X 104CFUA] 0.8 X 10" CFU7ZHA| 5%

yGHEE|R9 FE FaskE

Table 1. Oligonucleotide primers used in this study
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of| A= oAk Z thiH 0] 465 bp2] DNA ZZAME0] 8-01 %] ¢)
o} 121} 0.8 X 10" CFU -5 = 9] Bhg—ol| A= THE 5ol H]
5l DNA fHE== m]oFshA| Urefsith ERT toxR Zefo]mof 9f
g PCR assay 27t H-NS¢} 5 U5t gl = th == m]A|
A). ZE2 © & PCR assay= 913t 8- 5] A He| e
&7} 8 CFU oj4o|H A& 7hsdittal wetsl= Aol
o o= 7|29 B a1et fALSE Auto|ch(Wei et al., 2014). %<
H] B 2] @ = At A 7ko] o = Al E ot whE 1 X4 HESHA 9
T 57} 8 CFU ol4o|H A&o] 7Fsst7| wfioll 23k vl
A5 o]-gsto] mf$- Zh2 AJ7F St stol e AR E e HE
o= A= ¢lS Ao & et

s S YgHlEee Y

A Foht Fatt 235 s S| AAn|Hel e 55
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Jsoto] 8oll= 30T A2 7H B4 SN
2} shetsto] 11490l 15-16TC AF2 24 et
I pH= HHof thE Apol= 7 o WERLEA] o3+= Hg et gk
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Fig. 2. Agarose gel electrophoresis of DNA products amplified
in PCR assay using hns primers. M, 100 bp ladder marker (Ta-
kara, Japan); lane 1, 0.8x10* CFU; lane 2, 0.8x10® CFU; lane 3,
0.8x10? CFU; lane 4, 0.8x10' CFU; lane 5, 0.8x10° CFU.

Gene Oligonucleotide sequence Amplicon size (bp) Reference
toxR 5'"-AGCCCGCTTTCTTCAGACTC-3" .

(VP0820) 5'-AACGAGTCTTCTGCATGGTG-3" 399 Kim et al., 1999
hns 5'-AAACACGTTAACCTATTAATAGG-3" 465 No et al., 2011

(VP1133) 5'-AACGGGAGCCTTTTTAAACAAGA-3'
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A= AL Zpol7t gl A& ufolE| et Au|He] e o) &
= 720] 21-23T 321 642] 749 20-78 MPN/100 mL
(B=F 48.4 MPN/100 mL), 7€ 9]l+= 200-780 MPN/100 mL (
<t 472 MPN/100 mL), 8-€of+= 780-1,100 MPN/100 mL (
5+ 972 MPN/100 mL), 9ol = 110-170 MPN/100 mL (2
7+ 134 MPN/100 mL), 10€0l*= 11-46 MPN/100 mL (H4F

27 MPN/100 mL), 11¥o]l+=<1.8-2.0 MPN/100 mL (F+* 1.9
MPN/100 mL)2 ZA = gic}h 4T 34 0] Adu|Ha] e
Fhe 0] 7MY =2 80 7MY = SAE e 2

o T

AstetFHksto] A HH|He] @ 9] Fr ke Wolx]= A 0 & &Q]
=] %It} DePaola et al. (1990)2 w]=t A%t o= 5-9] A FH| B
2] == 17 CFU/100 mLo|H, Th2 Q. Q1R ) 420 4¢]
H B2 ¢ sk Ao 7P ddehA 2-ggirhar Harskar §)
c}. IESF Cantet et al. (2013)2 A X 53) A9t dfj= F2

AAH| B Q@ w1 004 >1.1 X 102MPN/100 mL=Z =34
Hitks Bk gl o] vk FAnk 4= E o) oF 106] 4
T 2o L3]o|t), Table 22] 27E &34l 2 a4 %9 &
&, pH W 8-24k4001 ZHu| B 2] 9. 9] e ol At

Table 2. Levels of Vibrio parahaemolytcius in surface seawater in Gomso Bay from June to November 2013

Month st T??}? ' (;?;rlﬁ) pH (rr?g?L) v F(al\a/llrgmeégogf)cus
W-1 21.85 3023 8.08 7.55 78
W-2 21.29 30.55 8.13 8.14 46
June W-3 21.20 30.54 8.12 8.34 20
W-4 2331 29.71 8.04 7.56 20
W-5 2222 30.15 8.08 7.86 78
W-1 26.87 29.29 7.73 6.53 460
W-2 24.99 29.48 7.72 6.06 780
July W-3 25.06 29.06 7.75 6.52 200
W-4 25.94 29.42 7.73 6.54 460
W-5 26.75 20.72 7.68 6.52 460
W-1 30.28 30.71 7.88 5.84 780
W-2 29.24 30.84 7.86 552 1,100
Aug. W-3 2048 30.46 7.88 5.57 780
W-4 30.11 30.28 7.87 6.38 1,100
W-5 29,51 30.20 7.86 5.18 1,100
W-1 2291 30.19 7.72 6.16 10
W-2 2298 30.34 7.73 6.62 10
Sep. W-3 2315 30.22 7.74 6.69 170
W-4 2418 30.85 7.73 6.23 140
W-5 2327 30,61 7.78 6.18 140
W-1 2052 29.60 7.89 6.76 46
W-2 20.38 29.55 7.96 7.35 11
Oct. W-3 20.30 29.56 7.04 7.31 46
W-4 20.84 2950 7.85 6.94 20
W-5 20.54 29.27 7.90 7.27 11
W-1 15.97 3052 8.09 6.03 <18
W-2 16.22 30.56 7.99 6.18 20
Nov. W-3 16.14 30.64 8.03 6.14 20
W-4 15.19 30.15 8.07 6.03 <18
W-5 15.63 3043 8.07 6.01 <18
Total 15.19~30.28  29.06~30.85  7.68~8.13 5.18~8.34 <1.8~1,100

St., Station; Temp., Temperature; Sal., Salinity; DO., Dissolved oxygen.
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ok ERE sl Aol uhE A HH|Ee e Fe
2] Aol QgiAE AR Y H 0 2 st 9)
EA o8 spof A FHH|Ee| el HEsEs s
S} A7) 718 iste] sl40] £} Yokl
W] 2] @ e obx] T 4-2o] stobxul Akgiu] vl
Q9] Fee P RobAl= A= FRIF It ~20] 16T ©|
SH1 1199] Zf-oll= AenlHe] e HaS A SIEA]
oporon] ol 7lze] Mol 7o) Felsh Aufo|rk(Kancko
and Colwell, 1975).
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FaRtol A AAEE= ) 7El vix]E o] Adu|HeE e 5
T Z24317] lste] 2013 7L} 8 271 €7t Fig. 19f] AlA]
SF 2ol A vER|2HE A eto] F 612 BEx|=he] thaf] A H]
B2]9 9] =52 MPN-PCR assayS ®3jsto] Z43}5t) 1
A3} 7920] A9, Aelu)He] 9 780-1,700 MPN/100 g (3
7+ 1,193 MPN/100 g) ©]%l.25, 8¢ A|& o] A= 1,700-2,100
MPN/100 g (B4 1,967 MPN/100 g)& 24 =|9ict. 8¢ ulA]
2ho] 7Y vpR|2hE ot Wt oF 1 84 HE o] =2 o] Zody]
BeE| o7t HEENET ol 2450l oty slig: 59 A
AH| B Q9] Fwr} £97] el Ao & wetEch FUA]
9] s} vpx| ko] Aok A B ] 2 0] H =g B a3
B 7Y A 52 -, vix| o] sljgrr o) oF 2,54 =
H|H 2] @ o] S =7} egton, 89 AR A = x| go] SR
o} o 2,450 H = w2 A 02 SRIEQIcE AA O R sk
CHe Hpx| o] oF 2,50 F = -2 F & A du|He] o7t 24
gt o] BEx|Ehe] o)A BhAIQl o] 1A A] wfj o]l HEA|
A Yol Fan] B ] @ o] A o] go|at g ALt = vpx]Ehe)
A&l Ao sl E ek Jofdwo] Wol AH| B e 5
Alefl f-2]5HA| 2H8-319S 7] Al7| €Tt DePaola et al.
(1990)= 5% aoflA] AHet 2 52 Au|HeE| e Fert
S|k 1008) L9t B 7} 9o} B oiro] Avlel
- oh2 Aot upeka] =20 A5k sHE 7] o= Sl

Table 3. Levels of Vibrio parahaemolytcius in short-necked clam
Ruditapes philippinarum in Gomso Bay from July to August 2013

Month st V: perahacmolytous

S-1 1,700

July S-2 1,100
S-3 780
S-1 2,100

Aug. S-2 2,100
S-3 1,700

St., Station.

=
rH
S~
>,

U Gabe] 8 SR geln|ne ot EAI5 grks 4
o4 H| B o frof AEE ARIL e Slste] 42
Q1 muJE] )} 2 2 ool 2lo] 27Tt

Al AL

o] &R 2013dE AR (IS AYow TR
ko] {9e wob SaE 7|2 ATARIAYTH2013RIAIA
2061851).
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