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Vibrio parahaemolyticus species, which cause acute gastroenteritis in humans, were isolated from farmed
fish and seawater and their antimicrobial-resistance pattern and factor were investigated. They exhibited
the highest resistance to ampicillin (88.9%), followed by trimethoprim (51.9%) and rifampin (22.2%). The
relatively high resistance to trimethoprim was unexpected because trimethoprim was not commonly used
in fish farming in Korea. R plasmid related resistance was identified by the treatment of novobiocin (7
ug/mL) and it was named as pVPBWI1. A putative trimethoprim resistance gene in 2.0 kb fragment of

pVPBWI1 was also confirmed.
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Vibrio parahaemolyticus= 7|1FA9L ZFHo2 A AA
Aog ¥l BEAE SR AT of A 43=

FAAAL 19500 dENAN Hx2 g3 Pm, T2 51479

Lgd FAEY Aot BEFRE 71 T 4F Ao 2
A3 9499 2o 90l B Yen dre 43 5
AHEd BEE AFE9 70%, $Aveke] ASE oF 30%7)
V. parahaemolyticus®l| &1t AL = B E 3 QT (Ham et

al., 2002; Deepanjali et al., 2005).

S V. parahaemolvticus®t - U FAMTH S35
g AFEC] off FBA EH = A9 olF A
Az} HHOZ AL HE 48 FAA S Az Fo
2 =250 A WS I5AY, Ao o8 ot
TOZRE FAUA PAJAES 53 71540 i
Bell et al. (1988)3 Smith (1994)F FA]Z oA A}&31= o
2 gAA e WAFY 2¥S Hus9om, Glenn et
al. (2000 o] & A WATEC] 7ML &= WAEAR
=2 AHY] AR S s Al dold 4 Yy o)
FHAFIL WAA 9TE B 5 dvkn Basgoh weka
TAHE- GAA Agel g U AT B9 fEFtele o
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2 oAAAI Uk

N ANHAE A% AuaPL e St} w
Aol olFEAIe] AL e B4, AAA, B, &
AT T 67 AG9 oFEATY F2 T8 voE
Y X] (Paralichthys olivaceus), Z3|2-2 (Sebastes schiegeli),
&9 (Lateolabrax japonicus) & 15 353} ALS-E-5olA &
ZHE S FdAAT 2 S4HE ATy A U8 FES
AR F 480 ' ARgRFo] B 92 trimethoprim ]
3td 22 YAS e e V. parahaemolyticus?t A=
At

Trimethoprim- §4 A AWAZE dihydrofolateS tetra-
hydrofolate2 3 A]7]+= dihydrofolate reductase (DHFR, dff)
o 2gAE-& sted, FEAFEdE TS vRA g,
Aol el g oz zgstuz 1962358 AT 7E e
2 Fol| AHg-EHo stk 18] 3L sulfonamide$} HH3HH A2t
8ol o= Z o]F o83 Witae] &), 9, Fud
gl o270 59 Xz 9] o] 851 1t} (Huovinen,
2001; Navia et al,, 2004). 742 €2 trimethoprime] ] sk
A Aol 7R F2 efflux pumpdl] 93 B3 A3
FAHEAL0 24 W3} To] Yo, 7P IukEl uig 85
o] 71AL 4Rl 3 A FRRNY] X ol dh-fr
ZIAE plasmid, transposon ¥ integron¥ 22 F=H A %7} 7}
5% DNA &) 2350] glon dA7A] B 4673
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A= 2005130 R dhA20S E3ele] 257 Fmoe|t)
(Warren et al., 1999; Kehrenberg and Schwarz, 2005;). V.
cholerae O-1/0139 32 non-01/01392] trimethoprim®] WA
7)Ao #M= B AFHEA} e} (Waldor et al., 1996;
Dalsgaard et al, 2000; Thungapathra et al., 2002), V.
parahaemolyticus®] trimethoprim WA 7154 )3 A7+ A
o A5 AR FAAA AT Bels sty B
AAHQ A7 Bagk AAojr)

2 AFANAME trimethoprimel WA-S YebE V. para-
haemolyticus®] W/3718& FHToZN =2H8 g 2 A
S WA S A el Fad Algz 248}
A} g

WE o

T 2005 el Gty o F
A T, AA, BY, A5, @&, AF
FF2 G AT QA (Paralichthys
g (Sebastes schlegeli), 5] (Lateolabrax
japonicus) 5 o5 3% A&E&,ERY 2549 7V
parahaemolyticus 27T TE WO 2 ampicillin 5 8% 9]
AR gk FeAe ZAEIE Y 18 trimethoprim ]|
dste WS VeRE dFd deire JadsodA 5
X (Minimum Inhibitory Concentration, MIC)E =43} 2
B MIC#©] 1,024 ug/mL ©]249) #5o thal A= curingS
T3 plasmid R AR5 AT

olivaceus), Z3
=

ST 2454 Al

FAA =4 A1EL Goldstein and Acar (1991)2] TjA=
FY S 8ot ALgstginh =, EelE 74 d5E Muller
Hinton broth (Merck, Germany)oll A 35C, 18-244]7F vf o3
o w5 wlFd FEE McFarland No. 0.58 34 233}
Aot Z4zh AN E FHS AV oF 4mmrt HEE )y
Z=¥1gk Muller Hinton agar (MHA; Merck, Germany) % 9o
ST =83 MHA B3-S sE3F WA 3 A
U£3E dispensors o]-&3ke] wiA] Aol LA HTH ALE-
Sk A t]2~= = ampicillin (10 ug/disk), chloramphenicol
(5 ug/disk), nalidixic acid (30 ug/disk), rifampin (5 ug/disk),
streptomycin (10 ug/disk), tetracycline (5 ug/disk), sulfame-
thoxazole/trimethopenem (23.75/1.25 ug/disk), trimethoprim (5
ug/disk) & 8% 2= BBL (Becton Dickinson, USAA} A &S
ARESE T Al Hzx=mr 13 MHA EH3e 35T,
16-18417F ¥ ¥k thg- w2} @A) (inhibition zone)2} =7

=
£ clipers® 233kl 4544 472 B

H

ZAUHSAHH =5 (Mnimum  Inhibitory  Concentration,
MC) &%

MIC &4 1= NCCLS (National Committe for Clinical
Laboratory Standard, 2004)l F3te] AAJstsch 4 96
wells plateo] 2+ F=% trimethoprim (0-1,024 ug/mL)e] &7}
& TSkl 3t WS 20 ul HE3e] 35C,
18417 vl ke & F3BT (600 nm)E Zg3te] F2o] dofit
2 Fo HAAFEEES MICHLE AR

Curing

Curing 4 & o= novobiocin (NB; Sigma, USA)¥} sodium
dodecy! sulfate (SDS; Sigma, USA)S A8-3}$1 T} Novobiocin
2 SDSe tig MIC 3 ARl 23§ AE Aol uyptic
soy broth (TSB; Merck, Germany)® 37} T} Curing 2%
& FFE tryptic soy broth (TSB)o HEsl 35T, 44|17k
mjeFer & 2L TSBell 1% dil kA7 NB 3! SDSE A7kt
o 37T, 18A17F W &3l YA trimethoprim (512 ug/mL)<
A7}k thiosulfate citrate bile sucrose (TCBS) agar (Merck,
Germany) F ¥} trimethoprime 371814 @62 TCBS agar
Hijol]| HE F FrE BT cuing A7l dFF BRI
o FR3 e YA e AP Ao A
W A4 RE st

Plasmid £2|

Plasmid 2]+ Bimboim and Doly (1979)%] WS- Al-8-3F
Atk &, #FE 35C, 18A17F wlFE T 1.5 mL F3ted 12,000
pm o2 SE7F AaE|ste] @A E B O3, 100ule] TEG
(50 mM glucose, 10 mM EDTA, 25 mM Tris-HCI, pH 8.0) &%
L8 ol A A7) 3~ 200 ul ] lysis (0.2 N NaOH, 1%
SDS) ¢EEdS Hreta WAl thE 150uLd] 3M
sodium acetate (pH 4.8)% A7} & YAEZ A FE=q S
2stath. 7)ol F%2] PCI (Phenol/Chlorform/Isoamy
alcoholy e A7He ¥ % ek ARG Qojxl 5
Ao gRE plasmidE F53FAT)

Plasmid®] 2918 A3t A7|9FL 0.8% agarose geloll
1ul.2} 6xloading buffer (Bioneer, Korea)e} |8t plasmid
S5uLE Egste] AAIskATh 100 voltol| Al 1A17F E<F M)A
713 ethidium bromide (EtBr; Sigma-aldrich, USA; 0.5 uL/mL)
gl o7 2087t &S] transilluminator (High performance
ultraviolet transilluminator, USA)o)|A] &1}t

pVPBW1S| 22 2 BN A}

Curing @ plasmid 82 #2AH plasmid?] pVPBWIE
pUC118 vectorol] E23317] 3l pVPBWIE HindIll,
EcoR1, Sall Z1#]3L Pstl (Roche, Switzetland) 2.2 X 2] 519
on pUCIISE TLT AgaLZ Xt AME-3ATh
Ag® GHELS T4 DNA ligase (Takara, Japan)S A8-3}
o] A48 CaClL% (Maniatis et al., 1982)0.2 &g
E. coli DH5eo FAAFAIA pVvPBWIY S5A4E& xAbs)
b=
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o T2 AN B2 E V. parahaemolyticus 27030 U
g A Fpd AEZAFAE Table 19] JER QL) B8l
T Al 1A 2 penicillin A9 2] ampicillin®l] 3]
88.9%% 7H¢ 2 WAES vehlled, o] 23+ Son
et al. (2005)°] 2004'd 3¢ 2 o) FFa A A )
V. parahaemolyticus 19475 5 97.9%7} ampicillin®] &
WS HAtE B 2 Heo et al. (2002)7F A 9% A
o FHAFANM EeAF Vibriod 62TF F 90% ©]/F]
ampicillin®] WAE JehlAths Bael fARE 298
BRI A}

%+ folate pathway inhibitor I A1<] trimethoprimol| T)
A 51.9%2 W9E&S JehAed, ol HE (Sparus
sarba) FAZANA B3 Vibriok T3 3 76.5%7} trime-
thoprim®l] W&l W9 Uebd A2 3 (Li et al, 1999) 2
B FAZANA B vibriod dF F 6.3%%H0]
trimethoprim®]] W43-& e Th= BT (Roque et al,, 2001)
E 318 trimethoprimol] WAo] 2 28 Yol wpa} i
zZol7E A= AoB AL o] 3 ALdS a1 ste] U4
AR} ARAPZ A-¢} vlio] F712Q A7yt eg Ao
A2 ¥ 2 9 nalidixic acid, streptomycin, tetracycline,

=
ol

o I
(AP )
[0}

chloramphenicol, sulfamethoxazole/trimethopenem, rifampinl]

WM 74222% B9 WSS ehych

F UM = MC) S8 ZE

Trimethoprim®l] th3k MICS FAVS A7) 2795 & 5735
ol A trimethoprimoll tHa} 1,024 ug/mL ©]%, 174 32
ug/mL, 2T7F A 16 ug/mL, 7L & 197 F = B3 8ug/mL
olate] & Yehiglon thRE2 F37} trimethoprimol
&t FUA (intermediate)S VERR O] t) A= 84k o
A% FAA el AP AR E ga Zolrt vehgth &
I wA A, A8 #F F trimethoprim®] e MIC ko)
1,024 ug/mL ©]73<1 57tFol tlate] plasmid B RS %
AFatA T,

Curing0f| U2 SHMH| L4 #H5}
Trimethoprim®ll W3- 7FA3L U V. parahaemolyticus)

WAaJAAE &A8H7] 213t NB9F SDSS AHE-31 curing
£ AT CuringS AAI31719] kX NBS} SDSO] o 3]
MIC #kE& ZAIGE A3} NBE 7 ug/mL, SDSE 300 ug/mLo]
A AldEAe] JAEE 2E A F AU, curing 2 H
A= 21 o) Ake] =g wjA|d 7}tk Trimethoprim
of digk MIC ko] B2 5uFE AL ZE curing A A%
A7}, SDS] ZA-$-4ll= 300 ugmLE A 2]3}e] trimethoprimS-
A7veE Wi A&} H7PekA] 2 vl A oA v F3S W 75
ztolE A 5= gllo, #& "l FAA LA Al
9 MIC 38 AN 2T 84 A H3tsE &
A Atk

I3 NBE 7ug/mLE X8} trimethoprimS A 7}3H
WA 9 A7eA| 2 wiA oA Hj e RS o) sHFE F 1
5 (V. parahaemolyticus 050919)9) A9+ =818 T4 2}o]7}
Uebon A 24 A1E R MIC 3k ZAMIA curing®
ol gl AR trimethoprim WA ¢] A4 E AL 08 4
A AT (Table 2).

V. parahaemolyticus 05091975=2] trimethoprim 143 ]
curing AAl & 11 WAo] 24 AL Z Hol V. parahae-
molyticus 05091977} 74X Y QA plasmid7} 22 FH AL
2 ARG F, o]F5 2R (mobile element)?] plasmidel]
trimethoprim WA AA7F 248 7154l & Aoz 4
HSIth Charpentier et al. (1995) trimethoprimol] T3] 1,024
ug/mL ©]4Fe]l MIC 32 71A1= Listeria monocytogenes
BM42932HE trimethoprim Aol #eI3l= plasmid?]
pIP823E&, Kehrenberg and Schwarz (2005)9} Dalsgaard et al.
(20002 ZYZ} Pasteurella multocida®}; V. cholerae O1 .25
E] pCCK 1549} conjugative plasmidS £2]3}e] W13} =H)
o5 EF plasmid ol trimethoprim W3¢l #oldt= F-4=4
7V &A%tk Boaskg o)

2HH plasmid®l] trimethoprim WAAAASE 714 Ao = Azt
=T V. parahaemolyticus 0509197 9] 4T Fo) M=
a2 W71 #ste 7 AFE AAE Al gl

plasmid2| £2|

Plasmid ‘gl trimethoprim WdS1x}7} &) 3l=%] 8213}
7] A3k V. parahaemolyticus 05091975} 0509197 F 22
B curing® Y¥ TFEZFH plasmidE #8353 (Fig.

Table 1. The antimicrobial susceptibilities of 27 strains of isolated V. parahaemolyticus

Antimicrobial agents

Disc potency (ug)

No. of isolates (%)

Resistance Intermediate Susceptible

Ampicillin 10 24 (88.9) 2(7.4) 13.7)
Chloramphenicol 5 3(11.1) 0(0) 24 (88.9)
Nalidixic acid 30 2(7.4) 0(0) 25(92.6)
Rifampin 5 6(22.2) 9(33.3) 12 (44.5)
Streptomycin 10 2(7.4) 25(92.6) 0(0)
Tetracycline 5 2(7.4) 0(0) 25(92.6)
Sulfamethoxazole / trimethopenem 23.75/1.25 4(14.8) 0(0) 23 (85.2)
Trimethoprim 5 14 (51.9) 7(25.9) 6(22.2)
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Table 2. The antimicrobial susceptibilities and MICs of V. parahaemolyticus 050919 strain and curing sirains (CS1-CS7)

. MIC (ug/mlL)
Strain
AM C NA RA S TE SXT TMP TMP

V. parahaemolyticus 050919 AG* 30 AG 20 18 AG AG AG >1,024

cs1 AG 30 AG 22 18 AG 12 18 <8

Ccs82 AG 28 10 20 18 AG AG AG >1,024

CS3 AG 30 AG 18 16 AG 14 20 «8

CS4 AG 30 AG 18 18 AG 14 20 <8

Cs5 AG 28 AG 16 18 AG 14 20 <8

CS6 AG 28 AG 18 18 AG 14 20 <8

CS7 AG 28 AG 20 20 AG 12 20 <8

*AG, All growth; AM, Ampicillin; C, Chloramphenicol; NA, Nalidixic acid; RA, Rifampin; S, Streptomycein; TE, Tetracycline;

SXT, Sulfamethoxazole / trimethopenem; TMP, Trimethoprim.

(bp)

10,200
5,991
4,000

2,961

Fig. 1. Agarose gel clectrophoresis pattern of the isolated
plasmid from V. parahaemolyticus 050919 and curing strains
(CS1). M, 100 bp plus DNA Ladder; 1, V. parahaemolyticus
050919; 2, CS1; 3, CS2; 4, CS3; 5, CS4; 6, CS5; 7, CS6;
8, CS7.

1). Trimethoprim WA V. parahaemolyticus 0509190+
ZBE % 65kb A9 plasmid’t EAEE AL FlEde
Y curing B 775 F 10FE AASIALE plasmid7b AHE
Rom e, olF YA e AY daolM &
4 AEo] trimethoprim®] il WS F-olshs A7t
plasmiddi o] =435 veldls Aoz, ARIAS 23
& plasmidE pVPBWILE 3T (Table 2).

pVPBW1S| EM

pVPBWI19 EA& ZA1817] $gte] WA AFFELS]
Hind1ll, EcoR 1, Sall, Pstl& A3} mappings HA18ATH
(Fig. 2). 2+7+e] pvPBWI12} S E 9] A4S YolH 7] $13}e]
FUg AFEALZE A2l puciige] sub-cloningS A AISHA
o1 E coli DH5eol A HE A7) F plasmids 53+
22} 8] plasmid Y Eo] EAs=RE #E § MIC #&
ZALEHA T

pVPBWIE 717+e] A a4E ] 2]3te] pUCLIgYl sub-
cloning®F #d #F9] MIC 7h-& A EHE Table 391
VeRNSTh Hind 12 A 2]k pUC118ell sub-cloning®r 2F 2.0
kbe} pVPBW1 T o} 2| 9= DHSe/pUVPBW200) A
trimethoprim®l W&+ 1,024 ug/mL o4 MIC -2 vER)

(bp)

Fig. 2. Agarose gel electrophoresis pattern of the restricted
plasmid. M, 100 bp plus DNA Ladder; 1, pVPBWI; 2, Hind
M: 3, EcoRL; 4, Sall; 5, Pstl; 6, Hindll and EcoRY; 7,
HindWl and Sall; 8, Hindll and Pstl.

Table 3. MICs of trimethoprim for V. parahaemolyticus
050919 and sub-cloned strains

Strain Trimethoprim {ug/mL)
V. parahaemolyticus 050919 =1024
DH5a/ pvPBW1 =1024
DH5« /pUC118 <8

DH5«/ pUVPBWO5S <8

DH5¢/ pUVPBWO8S <8

DH5¢ / pUVPBWOS <8

DH5« / pUVPBW20 21024
DH5« / pUVPBW24 <8

itk e} oE 9HERZFEE vimethoprimel thE MIC
2to] 8 ug/mL ©]8+e1 AL Ho} wimethoprim WIAFr Ak
oF 20kbe] B9 Well EAshs 2os FAHE U (Fig 3).
Burdeska (1990)= Stuphylococcus haemolyticus MUR313°l| A
B3} plasmid (pABU17, 3.8 kb)Z trimethoprimell /o] ¢l
= S aqureus 1139 FARE A2 S W trimethoprim©l] Wk
Aol 1,024 ug/ml ©1/F¢] MIC gko] vrebstthar Bargh nt
Atk

Trimethoprimell & WAfH A7} Zghslo] 3l pVPBWI
o EZol o]FEe thE FFERH H2HO| V. parahae-
molyticus 050919°] trimethoprim®ll &+ A& 535 Ao
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-Trimethoprim resistance gene

I-|| I;I HE H l'Il
[ i
. - r— pUVPBW!
P P S S E
DH5a/ DH5a/
pUVPBWO09 pUVPBWO0S8
DH5a/ DH5a/
pUVPBWO05 pUVPBW24
DH5a/
pUVPBW20

Fig. 3. Restriction map of the cloned fragments and location of trimethoprim resistance gene in pVPBWI. 'H, HindIIl;

E, EcoR1; S, Sall; P, Pstl.

FEY. WA V. parahaemolyticus TF7} o] F-42)
s ASASE PHA] LS, A, 7 59
Pulsl ge 2B A WA FA FURE FYA
STEAS AHE Bl AU 0 e AT 4
& BUAG] B2 HEE A5 APsdel B Ao 47t
"ot g AATFoIHA AF2EL Sulsl= p parahae-
molyticus 9} 72 Algto] Tkt A o] )3 WAL 71A]
A He A5, AdA ) FEEHRE b 88 FYA ] A9
Fol FolAA HH QA FRE FHIEN FRATF 5
o I WALAE A2 7leAde] & Aog A0,
oY S s 2S5 YA AT S
HEZ HFHY FYAGo] o]Fo] A £ IR AR}
Ao AAHQ FAA ALE-HE] L WAT B A2E e
93] BAsohn Az,

rm[on

r

Ab AL
o] At AlFToorE oty JALg A A DA 2E
T3 (0604281 5120) AHdell 3] a8 A= oo 7HA}
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