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Antibiotic-Resistance Profiles and the Identification
of the Ampicillin-Resistance Gene of
Vibrio parahaemolyticus Isolated from Seawater
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The antibiotics-resistance profiles of 28 strains of Vibrio parahaemolyticus isolated from seawater were
investigated. All of the strains studied were resistant to ampicillin (100%), but susceptible to 12 other
antibiotics. The m1n1mum inhibitory concentration (MIC) of V. parahaemolyticus to ampicillin was as high
as 1,024-2,048 ug- mL™". The phenotype of strain 8 changed from ampicillin-resistant to susceptible with
an in- frame deletion mutant of VPA0477, a putative [3-lactamase gene, and the MIC for ampicillin of

the mutant strain was 1 pg-mL

. In conclusion, our findings suggest that the VPA40477 gene acts as a

(3-lactamase in ampicillin-resistant V. parahaemolyticus strains.
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A
(Vibrio parahaemolyticus)= 5 R 7|44
2 BEX3 Je ARTAA dIATFOE o]
AN FE AAFAY EFE5HA 714 A d
E5 AFTCEA A S4E vEhE A 9
o2 &4 A AT} (Sakazaki et al., 1968; Honda and Iida,
1993). -t A= mid AA AT *ﬁ‘%% Abare] ok
20% A7) gdv|B g ool ofsf LAy st A7 olt}.
o] o] AAEE= WEAC WA =i LHOQ/K 2=
(thermostable direct hemolysin, TDH), & &3 = #AH8&d
= (TDH-related hemolysin, TRH), serine protease 2 type III
secretion systems (TTSS1%} 2)& & H ¥ 5= 2+ effector
vl So] HalEo] glont g WA 7] & el et
Arg & o}z = o] B£3k 2 Aot} (Honda and lida, 1993;
2002; Makino et al., 2003; Park et al., 2004; Kodama
et al.,, 2007; Kodama et al., 2008).
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= 232 YEh}ar At (Son et al., 2003; Son et al., 2005;
Lee et al., 2007; Oh et al., 2008; Lee et al., 2009; Yu et al.,
2010). Alzto] A WS Z2HA 5= ol fe & OH&ioﬂ
olgt gAAe] E&dst, 14 FAEHL W, Az
FAA TG Wt @ AE o R FAAY {FEF Fo
W o)g Ao d#A Qow ol HAYFo] &
Helx o7 283lo] TS A WAL 2
FEWAES Al A S fFHAbdo], Eefar=
%Z:EZ (transposon)°ll T/ ¥ = WA ALY &S0
, WA AR QA B Sgan= DNA01
e Aomel AR ARPRE A,
0 GAESe] ols) Aojuiel olF AV ek
dgtolth. ke Al Aol BAA AU F0A
= integron At GAA ol A o] FAHE 7Hx
DNA T2l transposons F3}o] FAA}F2] aF HA| w9 A
& BAG R o] s = /g kAl t
B3t 5% 4 o|F Agow gtdEvu
(Rowe-Magnus and Mazel, 2002).

200213 genome sequence7} 59 FEn|HE 2 RIMD
2210633 T2 7%, integronS = FAA o] oF 50 kb A7) E
EAE 71l oF 70709 FAATE EASE AeE Bl
H o] dt} (Makino et al., 2003). Trimethoprim®l] WA <& 2zt
FAH|H 2] @ & classs 1 integron Woll EA8H= dfid27 734
ol 23} trimethoprim, gentamicin 2 rifampin®] WAdol] o3}
QA7) 2elo] alehe A7 AN} Aol naslslt
(Yu et al,, 2010). 35 %"CMX*OH IR = R e R R
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(VPA0477)= 2H2 FAAo EA8tttar B s o] It o]
of gt AFZAA= of7 Gl

2 ATelA= dlgs B B 287 v5-E did
2 7 A A S Thebst A7 Gy B
TF7F WS deElll s ubd 2 o]9] 9] 1252 Al
S UERITE wheba A ™ BERHAE S48
7] 9)8te] b2 Aol A BaEe] 9l dF AR Eaf-Ak
2l B-lactamase®} 54 o] = VPA0477 AR A&+
E A4t dudde g Wadwsts HESSIT
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Aol AHEF #2008 AE ok ke £F
ol A kel P B2 FAE 287 ATE AME
SFltl. 5 572 API 20E kit (Biomerieux, France)E A}-8-

sl

Class 1 integron, TDH % TRH F3d%t9] A=

Class 1 integron A} FA] -5+ Ceccarelli et al. (2006)
o] AAIg 184 AWM class 1 integron primers (Int
F: 5-GGCATCCAAGCAGCAAG-3%} Int B: 5-AAGCAGACTT
GACCTGA-3)E, TDH % TRH A} 821§ primers® Th
3} Z+t}; TDH (5 -GTAAAGGTCTCTGACTTTTGGAC-3" 2
5-TGGAATAGAACCTTCATCTTCACC-3) ¥ TRH (5-TTG
GCTTCGATATTTTCAGTATCT-3" % 5-CATAACAAACA
TATGCCCATTTCCG-3"). PCR ®+-g-ol| & Takara (Japan)2] kit
= ARgSElon, 95TollA 317 d¥AdgE & 95T 30%,
55T 30%, 72°C 1% 303] WHEslo] DNAE S35319 1.5%
agarose gel oA FHolH-5 elatgit.
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Zp ol tigk 8385 ZARE PBSE 33] AlAste] HE s
E7h 2wt MRS 249 Y L B9 4878 Brhe
LB agar (0.5% yeast-extract, 1% tryptone, 1% NaCl, 1.5% agar)
of AIgH#FE FFste] 35Tl 48217k vk F 833k
AFE S BEIAn.

A 23 A

A A 74 A2 Acar and Goldstein (1991)2] disk
diffusion™ &2 A}l th Al H 5+ LB (NaCl 3%) broth
o HEFste] 35CAA = wjke 7S A AUTR 23]
MAEL EEXZE McFarland 052 %% 3}o] Muller-Hinton
agar (Merck, Germany)oll =Z3}lt). ol 7]o] AL A
diskE 1123} 35Tl 16-18A13F vl 3k F F2 )5
AT 2 A7 E FAAA s Btk A disk

@11—-’{!1 Ak

A=

= Becton Dickinson (BBL Sensi-Disk) #l5&-& A}-8-3}SH

H 2594 % (Minimum Inhibitory Concentration,
MIC) =74

MICE = NCCLS (National Committee for Laboratory
Standard, 2004)°] WS AF A S e
Muller-Hinton broth (Merck, Germany)ol] F%7} thE7|

oz Blele MICE Z4a3iT

VPA0477 3344 AEdF2] 24

VPA0477 A AEdF9] A2 Park et al. (2005)°]
ALE-5E ol F8le] AAISFATE ALE-SF primersS] Al E -
o3 2tk M1 (5 -GGATCCAACAGTGGTTAGAGT-3"),
M2 (5-ATCTTCCATCAAGGTTGTCCAT GTCGCTTA-3"),
M3 (5-TAAGCGACATGGACAACCTTG ATGGAAGAT-3")
2 M4 (5-CTGCAGTTCGAGCTTAACTT T-3'). Template
DNAT V. parahaemolyticus RIMD221063352] genomic
DNAZ AF&3lo] WA M13 M2 2 M39F M49] primers =
DNAE Z%3k3lth 212 A A%k DNAE 413 M13% M49]
primers® A2} FE3} 0™, AHA|S DNAE pT7Blue
T-vector (Novagen, Inc.)ol| ligationst ¥ E. coli DH5 a ol 32
23813 t). Plasmidi= A A15k] BamHI 2 PsA®] Algtaih=
Aehsle] 2AME pYAKI (Park et al., 2005)2] 5 siteol]
A918ka plasmidi= E. coli SM10A\pir (Miller and Mekalanos,
1988)0ll &4 d&apict A2 A& AdEEHE st
I & E. coli SM10A\pire} &AW B8] @ (strain 8)2F] 3t
of ot AA|EIAT) AEdF2 2232 chloramphenicol
5 pg/mlo] 71 TCBS agar (Difco)2} 10% sucrose”} E$HE
LB (NaCl 3%) broths AH&&F3It} A &of = PCR Whg 2
Southern hybridization©. 2 2213} t}.

B—lactamase (VPA0477) -+ A}+2] DIG—labeling probe 2H4d
A9 g2lS $3F Southern blotg probe= o} 2]
primersZ AF&-3FA T SI (5-ATGAAAAAGTTATTCCTGT
TG-3") & S2 (5'-TTAACTTTCTTTGTAGTGCTC-3"). PCR Wt
o 95Tl 3@ WA §- 95T 30%, 55T 30%, 72°C
138 303 HHE3ste] DNAE 5% 92 AGAg o DIG-
labeling kit (Boehringer Mannheim, Germany)E A}-8-3}o] 7]
9] PCR £% % anmnealing =%=4 5C w2 50ColA PCR
kS-S 2 A]38}e] DIG-labeling probeE 2Hd&}SI T},

Southern hybridization

P B VPA0477 AETdF] G4 A DNAE Algtas
Sall o2 3}t 2 d F 1.0% agarose geloll applyshd]
1XTBE buffer [0.09 M Tris-borate, 2 mM EDTA (pH 8.0)]&
AF&-3le 77]9d %53t - nylon membrane (GeneScreen Plus,
Dupont)ol] ¢]3}31 T} DNAE GS Gene Linker UV chamber
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(Bio-Rad, USA)Z 1743} ©. | hybridization 42°C 2] 4=

oA skERE AAlste] anti-DIG
monoclonal 33| (Boehringer Mannheim, Germany)® 7 & 3}
A}t ELS TQX-120 Automatic Film Processor (5% Wtz
AzRE)E B,

phosphatase-labeled

Table 1. Antimicrobial susceptibility of 28 strains Vibrio
parahaemolyticus isolated from seawater

Antimicrobial agents Disc potency (ug) Ratio of resistance (%)

Amikacin 30 0 (0/28)
Ampicillin 10 100 (28/28)
Cefoxitin 30 0 (0/28)
Cephalothin 30 0 (0/28)
Chloramphenicol 30 0 (0/28)
Gentamicin 10 0 (0/28)
Nalidixic acid 30 0 (0/28)
Rifampicin 5 0 (0/28)
Streptomycin 10 0 (0/28)
S“'j’h.ametmx.am'e 23.75/1.25 0 (0/28)
trimethoprim
Tetracycline 30 0 (0/28)
Trimethoprim 5 0 (0/28)

Table 2. Phenotypes and genetic characterization of
ampicillin-resistant Vibrio parahaemolyticus

. TDH TRH Hemolytic [-lactamase Class 1 MIC.: .OT

Strains L . ampicillin
gene gene activity (VPA0477) integron (ug/mL)

1 - - - + + 1,024
2 - - - + + 2,048
3 - - - + + 2,048
4 - - - + + 1,024
5 - - - + + 1,024
6 - - - + + 1,024
7 - - - + + 1,024
8 - - - + + 2,048
9 - - - + + 2,048
10 - - - + + 1,024
11 - - - + + 1,024
12 - - - + + 1,024
13 - - - + + 1,024
14 - - - + + 1,024
15 - - - + + 2,048
16 - - - + + 2,048
17 - - - + + 1,024
18 - - - + + 2,048
19 - - - + + 1,024
20 - - - + + 2,048
21 - - - + + 1,024
22 - - - + + 2,048
23 - - - + + 1,024
24 - - - + + 1,024
25 - - - + + 1,024
26 - - - + + 1,024
27 - - - + + 1,024
28 - - - + + 2,048

RIMD

2210633 * o 1024
TH399%6 - + + + 1,024
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e B fAaAke EAAE A=

Ak o Qe ganHe e yiiE o] o
thEA el Wed Q1AkQ] TDH 3= TRH f414HS BArsha
ghizdl vlal sl 5 olu Sof @A el v H Qo=
SR=

HAd FHAe] BEEL ulg W Jlo R HalEo

21T} (Honda and Iida, 1993). 2008'd 69 ¥-¥] 109744 A&

H-obdt Favke —LZ°HTOHH e ganiHe e 287

S W= TDH B TRH F34 SAF-7+= 2 4

of tj& Zefoln & A}ﬁo}oq PCRZ ZAEsQTE 1 A3}
(i

287l BE FFoA o]5 HYA §AANE ZZ ] ot}
(Table 2). =3+ AteHa} E7] €] xq%?a 2% H7}3F wjA =
Abgete]l 885 AESIEH EE dFolA 852

o
T A kok} (A m]AA). 01 ﬁﬂ}“ Ao ALEH
Y éﬂlt’ﬂo 287H ﬁL = TDH ¥ TRH §#HAE

SAA 7 2 HAurs oA re AR

[e] = [}
e B kAR ofFelA REld AAWlE o=

ampicillin o] Qo %= cephalothin, amikacin, cefoxitin,
gentamicin 59 TE AA o] WAS YERE Bl ol
QAN T AENEE 22 o7 BiEo] glt}h (Son

et al, 2003; Son et al., 2005; Lee et al., 2009). sfl<=oll A &2 3k
danrge 287 #FE Y o® 1359 A digh
S tam abioz 543 A3s Table 13 2}
Ampicilling A 9]¢k Y= 12F2] FAA el s A
o AR&3k 287 w5 BF A4S YER WM ampicillin®l]
galix = B oA WS UERIATE o] = ampicillin
olle] FAAel ek &l FHA e wE Ve e
ﬁr}a} AtE Y. WS YER = ampicillinel] o3k &A%

AAFEE HEF A= Table 20 YERRSATE ol what
‘ﬂri 2ol = JAIRE eFul Aol tigk MICE 1,024—2,048
ug/mLe] HeIE Yepskon, ol v w=iolA Bty ¢t
43 UG gdvne o] MICSH FdstAY oftt w2
A2t Al ET SAAIENA 2l FguHg o] &
AA WAES B, A9 2 27l wet Aol
oL} 53] ampicillinel] td A2 AAUAdel 7H7he A=
= dete] AENer i g R sl S YeRdith
3 B35 o] 9t} (Lee et al., 2007; Lee et al.,, 2009). ©] 213k
Az FElvatelnt =3hEar 9l Blo] opel 9= o
frAFeE 21 7d o]t} (Tanil et al., 2005; Baker-Austin et al., 2008;

Ferrini et al., 2008).

B—lactamase (VPA0477) ==}
e WSkl A

V. cholerae®l] ©]o] HlEg|eL£o2E T HA R JAET
2 H] B g] ¢ RIMD2210633 5-2] G414 DNAS] @714 <L
< 20029 98 AT} (Makino et al., 2003). 2+ ¢ A7) o]
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EA 3= VPA047T A A= 28370 €] ofn|mAto = A E
ol glom o} ExFE 31.7 kDal®2 FAEE FHAAZ
V. harveyi, V. fischeri MJ11, Photobacterium subsp. piscicida
9 Aliivibrio salmonicida 1LF112382] [-lactamase - A}2}
75%, 67%, 66% B 64%°] 5ol ot o7 AFA
Hue gtk o] §-3271 ampicilling 38t F32k9] 7t
SA0] Qlo] o] AR AEdFE A8 L Wil A3
W] ot FAdedvh. §HA AEol§= PCRIY
Southern hybridization©. % 2913}t A&HEFE VPA04TT
A WF7F 517 bp A<=H A I opAYFH 500 H]3)] PCR
SZAE 2] A7]7) 221, Southern hybridization®l| 4] probe
o} w$-3k v e 7% ZA Yebwtth (Fig. 1A%} B). ©]
A= VPA04TT AR Aol AFHOE o] Fox] An=
ATl AR Ao 2 7 S S5 oflE Y Bl
I F gFolA o] 7F YERA] ekol VPA04T77 {3 AL
2ol e Aoz AqEA] S-S AlAeT) (A
). AT Gy gk WS E MICE &

1_._7—
&k MICE 1.0 yg/mL ©]3t= A Fhpd o2 YEkRt
U} (Table 3). ©]3= VPA0477 4417} obw) @l
Holats FAAYLS T A% A
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Fig. 1. Confirmation of VPA0477 gene deletion mutant strain
by PCR (A) and Southern hybridization (B). M, 100 bp DNA
ladder (A) and Lambda HindIIl (B); 1, Wild-type strain; 2,
VPAO0477 gene deletion mutant strain.

Table 3. Changes of MIC of wild-type and deletion mutant
strains on ampicillin

Strain MIC of ampicillin (ug/mL)
Wild-type (strain 8) 2,048
AVPA0477 in strain 8 +1.0

&=
)
N
>

Aol tigk MICe} vl glS w) FU3tAY okt 7] o
8 0]2]9] T2 #5:oll VPAK4T7 ©]€] 9] ¢ru el WA H-3
A7} EA & 7Vede woka gadd Fan e Qe o
gAY YABHA FHARIE VPA04TT AR EX) g
o] wEl MIC7} & o]+ VPA0477 AR 5
7] Hololl &gt ofu| At X|Fhel] w2 S A 5F e WA
2 HAAG T BA wEQ Aoz ALREV] 25 HET}
sttt FekE

A} A}
AT 2010 b Ekal anf S| du| s e
iAol ofof A=Y
3

=2+ 71 5]

j=]

rlg

Acar JF and Goldstein FW. 1991. Disk susceptibility test.
In: Antibiotics in Laboratory Medicine, Lorian V, ed.
Williams & Wilkins, Baltimore, U.S.A., 17-52.

Baker-Austin C, McArthur JV, Tuckfield RC, Najarro M,
Lindell AH, Gooch J and Stepanauskas R. 2008.
Antibiotic resistance in the shellfish pathogen Vibrio
parahaemolyticus isolated from the coastal water and
sediment of Georgia and South Carilina, USA. J Food
Prot 71, 2552-2558.

Ceccarelli D, Salvia AM, Sami J and Cappuccinelli P.
2006. New cluster pf plasmid-located class I integrons
in Vibrio cholerae Ol and a dfrAlS5 -cassette-
containing integron in Vibrio parahaemolyticus
isolated in Angola. Antimicrob Agents Chemother
50, 2493-2499.

Ferrini AM, Mannoni V, Suffredini E, Cozzi L and Croci
L. 2008. Evaluation of antibacterial resistance in
Vibrio strains isolated from imported seafood and

Italian aquaculture settings. Food Anal Methods 1,
164-170.

Honda T and lida T. 1993. The pathogenicity of Vibrio
parahaemolyticus and the role of the thermostable
direct haemolysin and related haemolysins. Rev Med
Microbiol 4, 106-113.

Kodama T, Hiyoshi H, Gotoh K, Akeda Y, Matsuda S,
Park KS, Cantarelli VV, lida T and Honda T. 2008.
Identification of two translocon proteins of Vibrio
parahaemolyticus type III secretion system 2. Infect
Immun 76, 4282-4289.

Kodama T, Rokuda M, Park KS, Cantarelli VV, Matsuda
S, Iida T and Honda T. 2007. Identification and
characterization of VopT, a ADP-
ribosyltransferase effector protein secreted via the
Vibrio parahaemolyticus type 111 secretion system 2.

novel



:.OL,
+
K3
>
M
o
ro
o)
jal°
=3
T

Cell Microbiol 9, 2598-2609.

Lee CY, Cheng MF, Yu MS and Pan MJ. 2002.
Purification and characterization of a putative
virulence factor, serine protease, from Vibrio
parahaemolyticus. FEMS Microbiol Lett 19, 31-37.

Lee H, Oh YH, Park SG and Choi SM. 2007. Antibiotic
susceptibility =~ and  distribution  of  Vibrio
parahaemolyticus isolated from the seafood. Kor J
Env Hlth 33, 16-20.

Lee HW, Lim SK and Kim MN. 2009. Characteristics
of ampicillin-resistant Vibrio spp. isolated from a
west coastal area of Korea peninsula. J Kor Fish Soc
42, 20-25.

Makino K, Oshima K, Kurokawa K, et al., 2003. Genome
sequence of Vibrio parahaemolyticus: a pathogenic
mechanism distinct from that of V. cholerae. Lancet
361, 743-749.

Miller VL and Mekalanos JJ. 1988. A novel suicide vector
and its use in construction of insertion mutations:
osmoregulation of outer membrane proteins and
virulence determinants in Vibrio cholerae requires
toxR. J Bacteriol 170, 2575-2583.

NCCLS. 2004. Performance standards for antimicrobial
susceptibility testing. Twelfth Information Supplement.
NCCLS. 2000; Document. M100-S12 (ISBN,
1-56238-456-4) NCCLS, 940 West Valley Road,
Suite, 1400, Wayne, PA:19087-19098. U.S.A.

Oh EG, Yu HS, Shin SB, Son KT, Park KB, Kwon JY,
Lee TS and Lee HJ. 2008. Trimethoprim resistance
of Vibrio parahaemolyticus isolated from the fish
farm. J Kor Fish Soc 41, 324-329.

Park KS, Arita M, lida T and Honda T. 2005. vpaH, a
gene encoding histone-like nucleoid
structure-like protein that was possibly horizontally
acquired, regulates the biogenesis of lateral flagella

a novel

in trh-positive Vibrio parahaemolyticus TH3996.

2.0 FA4A W B A WA Fa ke 57 641

Infect Immun 73, 5754-5761.

Park KS, Ono T, Rokuda M, Jang MH, Okada K, Ilida
T and Honda T. 2004. Functional characterization of
two type III secretion of  Vibrio
parahaemolyticus. Infect Immun 72, 6659-6665.

Rowe-Magnus DA and Mazel D. 2002. The role of
integrons in antibiotic resistance gene capture. Int J
Med Microbiol 292, 115-125.

Sakazaki R, Tamura K, Kato T, Obara Y and Yamai S.
1968. Studies on the enteropathogenic, facultatively
halophilic bacterium, Vibrio parahaemolyticus. 3.
Enteropathogenicity. Jpn J Med Sci Biol 21, 325-331.

Son JC, Park SW and Min KJ. 2003. Environmental and
antimicrobial characteristics of Vibrio spp. isolated
from fish, shellfish and brackish water samples in
Gyeongbuk eastern coast. Kor J Env Hlth 29, 94-102.

Son KT, Oh EG, Lee TS, Lee HJ, Kim PH and Kim JH.
2005. Antimicrobial susceptibility of Vibrio
parahaemolyticus and Vibrio alginolyticus from
farms on the southern coast of Korea. J Kor Fish
Soc 38, 365-371.

Tanil GB, Radu S, Nishibuchi M, Rahim RA, Napis S,
Maurice L and Gunsalam JW. 2005. Characterization
of Vibrio parahaemolyticus isolated from coastal
seawater in peninsular Malaysia. Southeast Asian J
Trop Public Health 36, 940-945.

Yu HS, Park KB, Oh EG, Lee TS, Shin SB, Kwon JY,
Kim JH and Son KT. 2010. Trimethoprim resistance
by class I integron in Vibrio parahaemolyticus from
a fish farm. Kor J Fish Aquat Sci 43, 125-130.

systems

20108 79 21¥ HF¢
2010 109 13¢ +4
20109 129 6¥ ¢



