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Characteristics of Ampicillin-Resistant Vibrio spp. Isolated from
a West Coastal Area of Korean Peninsula

Han Woong LEE, Suk Kyung LiM' and Mal Nam Kim*
Department of Blology, Sangmyung University, Seoul 110-743, Korea
'National veterinary research and quarantine service, MAF, Anyang 430-824, Korea

Thirty-eight Vibrio spp. were isolated from the sea waters harvested from the 22 stations located on the
west coast of the Korean peninsula in September 2006. The isolates consisted of V. parahaemolyticus (n=21),
V. alginolyticus (n=16) and V. cholerae non-01 (n=1), among which 35 isolates displayed resistance against
two of the tested antibiotics. Among the 38 isolates, 18 isolates exhibited multi-drug resistance against
more than four 4 antibiotics. In particular, minimum 1nh1b1tory concentratlon (MIC)so and MICqy of

ampicillin-resistant isolates were as high as 2,048 #g-mL" and 4,096 zg-mL"

respectively. A-lactamase

production was examined to analyze the amp101111n—r651stance Some Vzbrzo spp. isolates produced B-lactamase,
however antibiotics resistance pattern and B-lactamase production were not clearly related to each other.
A genetic relationship between resistance and gene expressmn was confirmed in the ampicillin-resistant

isolates.
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Fig. 1. Sampling stations in the West coastal area of Korean
peninsula in September, 2006.

A3l genomic DNAE FE3}4t}. V. parahaemolyticus,
V. vulnificus 2 V. cholerae’= Panicker et al. (2004)2] Bl
w2} £ E-9] primerE ©]-&3}] multiplex PCR&}o] F4 3}
3L, V. fluvialisT Lee et al. (2002)2] W ol whet 16S-23S
tDNA Intergenic Spacer Region (IGS) Q7| E& EAI&Ho]
National Center for Biotechnology Information (NCBI)2]
BLAST N program© & Genbankdl 5Z5 o] Sli= A7|X ¥
3 H)u- AR BT AP AT AFE SgRe 9
dlod BB BREME KCOM)PIA FFue wpee
& AZe FETFE WA Q¥sel 2nE vasiar

A} HPH L Kirby-Bauer disk diffusion™
(1966)°i 74/\}0 For FAA diskE Becion Dickinson
(BBL Sensi-Disk)o| A -9j3ko] A3tk AHE-3 A A
disk= ampicillin (10 zg/disk), gentamicin (10 zg/disk), amoxi-
cillin/clavulanic acid (20/10 g/disk), cephalothin (30 rcg/disk),
cefoxitin (30 ug/disk), ceftizoxime (30 12g/disk), ciprofloxacin
(5 ng/disk), trimethoprim/sulfamethoxazole (1.25/23.75 pg/disk)
2 chloramphenicol (30 rg/disk) ©]1QAth 2}7he] A g Z HE
RS Hehg Adeste] GAA A Aol ARS8k
Zl¥ MBI Q7 Mueller-Hinton (MH) Broth (Becton
Dickinson)ol| HE35}te] 37TCo A 1Y wie¥sle] 0.5 McFarland
FEE AT & MH agar (Becton Dickinson)oll =4sl$ich
o] etgd wiA 9o HAL FAA diskE Hojmd F
37CAA 16-18413F st HEsAT dE JEL
Criteria Laboratory Standard Institute (CLSI, 2007) 7|5 w}
gom, YFEFFE E coli ATCC 259228 AM&3+9 o).
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B-lactamase AHE A}

Ampicillin WA Bl B8] & AMi9] B-lactamase AHY 537}
WA okatel ARAS U] 931 nitrocefin test sensi disk
(BBL)E AM&-3ste] M2 W] me} Slactamase B4 ARE
3

Class 1 integron Tr’ﬂ &

182]94 AlvE 33 RS AAIT A theke 3
A L}Vé -7 dx}g encodlngO}Cq FAA ANAGE FEshe
Hlo] Briar B3 class 1 integron H-f -G-8 2AKS}H7]
A8t Ceccarelli et al. (2006)914] AAE 2734 ARAlT
9] class 1 integron- target® 2 S}= Int F: 5-GGCATCCAAG-
CAGCAAG-3'9} Int B: 5“AAGCAGACTTGACCTGA-3'E A}
43le] PCRS E3) I8t whg =L bacterial
genomic DNA 50ng, primer (25pmol/mL) 0.2 L, dNTP
mixture 4 #L, 10X PCR buffer 5 ¢L, MgCl2 3 uL, LA Taq
DNA polymerase (TAKARA) 0.2 Lol B 5FHTE Hrls)
o] H& R3Z 50uLE WFIL, GeneAmp” PCR system
(Applied biosystem 9400)°.2 %3} PCR AHES A 7|9 %
O F ot R 2 Aelx FlEtrt.

l

RAPD PCRZ 0|8¢% 2AFMEM RAIZ &4
RAPD PCR-2 Melian et al. (2003)2] ®hHol| uje} NA] 39
o Ampicillin tWA352] genomic DNAS &3} & A9
Ae YERIT R B3 8 MI3 primer (S-GAAACAGCTAT-
GACCATG-3)E A8-3}] RAPD PCR-S 331911, 23]
ot AP sttt B BandEs T HH FY
412 BioNumerics (Applied Math, Belgium) 32 13 of 4]
Unweighted Pair Group Method of Average linkage (UPGMA)¥
2 EY)Z = dendrograme ZHJS}AL clusterE 43815t
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HE2[2% Mzl e
el Ak 227R Ao A 2y 04 At
£ Table 19 AAEATE 7HE “—‘% e el 2
V. parahaemolyticus 24 2270 ZAMEA £ SAEY 14 44
B 14HS AL Be 2AF APAA 21577 AEEH AT
V. cholerae®] 73-%- HYHE (B 19)904 157} AEHAL
v vl DA V. cholerae non-01°2.2 =t v
alginolyticus= 167022014 1657} B = A2, V. vulnificus
&} V. fluvialis= 2 E/\} A9 A AEE A L)
B Aol vlB & Al RS FE2AL V. alginolyticus,
V. parahaemolyticus ‘3—l V. cholerae non-012] 3% 0.2 A5 o]
AN, V. alginolyticusSt V. parahaemolyticus7} +4F 02
AR AT}. V. alginolyticus= ¥ 3PAHE] AW S Fats)
w, QA AEo] Folg T WS Fgitial Bk o
2121 (Son et al., 2005) V. parahaemolyticus= AT 2T =
2 usiel v DA AN SEe) SR /)2
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Table 1. Distribution of Vibrio spp. in the West coastal areca of Korean peninsula

Number of isolates

Sampling sites

V. alginolyticus V. parahaemolyticus V. cholerae non-01 V. vulnificus V. fluvialis
Gyeonggi-do 5 8 0 0 0
Chungcheongnam-do 8 9 0 0 0
Jeollabuk-do 3 4 1 0 0

Table 2. Antimicrobial susceptibility of Vibrio spp. isolated from the West coastal area of Korean peninsula

Ratio of resistance, % (No. of resistant strains/No. of tested strains)

Antimicrobial agents

V. alginolyticus V. parahaemolyticus V. cholerae non-01 Total
Ampicillin 100 (16/16) 100 (21/21) 0 (0/1) 97.4 (37/38)
Amoxicillin/clavulanic acid 0 ( 0/16) 4.8 ( 1/21) 0 (0/1) 2.6 ( 1/38)
Cephalothin 100 (16/16) 85.7 (18/21) 0 (0/1) 89.5 (34/38)
Cefoxitin 56.3 ( 9/16) 38.1 ( 8/21) 0 (0/1) 44.7 (17/38)
Amikacin 87.5 (14/16) 81.0 (17/21) 0 (0/1) 81.6 (31/38)
Gentamicin 31.3 ( 5/16) 9.5 ( 2/21) 0 (0/1) 18.4 ( 7/38)
Oxytetracycline 0 ( 0/16) 0 ( 0/21) 0 (0/1) 0 ( 0/38)
Chloramphenicol 0 ( 0/18) 0 ( 0/21) 0 (0/1) 0 ( 0/38)
Ceftizoxime 0 ( 0/16) 0 ( 0/21) 0 (0/1) 0 ( 0/38)
Ciprofloxacin 0 ( 0/16) 0 ( 0/21) 0 (0/1) 0 ( 0/38)
Sulfamethoxazole/trimethoprim 0 ( 0/16) 0 ( 0/21) 0 (0/1) 0 ( 0/38)

off 3= St} (FDA, 2005).
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tza e gt FAA 7444 A2HE Table 200 A4
ST B AN 2E V. parahaemolyticus 215, V.
alginolyticus 165, & V. cholerae non-1 15= (Table 1) S0l A
3557} 27FA] o)) Ao Y-S Btk 3 38F F
1857} 47}FA] o]/Fe] A ¢ AU AHS YeRASITH

B-lactamZ] FAYAQ! ampicillin®} cephalothin®] W Ado] 2t
zZt AA 259 97.4%9 89.5%2 A ZALE A2 H, amino-
glycoside] FAAA|Q] amikacinoll WAL 2t FF 5 81.6%E
ZAME R}, Z1g) 51 YR FFol A= cefoxitin (44.7%), genta-
micin (18.4%) ¥ amoxicillin/clavulanic acid (2.6%)°] T3l A=
W& JEN . Gentamicin®} amoxicillin/clavulanic acid
o] 7% CLSI (2007)¢] W4 ' 71&] we} EH/3IAS
w7t W43 (intermediate resistance) 22 W E FF7} oF
50% oV AR Bt B ZARA A o)F A WA
3t Fol& F9] A BFS= o] aT Aoz Amdn
1 9] chloramphenicol, ciprofloxacin, ceftizoxime sulfamethoxa-
zole/trimethoprim 2 oxytetracycline®] &= ZF 74
£ YT

ARG vl B4 Mo FAA WAHHELS A
Hog AP B SR A FUdHE B 5h7)
B2 FAYROA M 2 UAEZE YelY 73
Ha2e A ZAPEAANA V. alginolyticus? WA&0)
parahaemolyticus BT} A YELSTE Son et al. (2003)2 F
Bt sl BT 16552 V. parahemolyticusS o2
FRA A SHZE ampicillin® cephalotin®]] F-& A
& Bthy B30, Son et al. (2005)& Fafgt o] F%

=

217l A 223 ampicillin?} amikacin®ll & WAS 7R+
V. parahemolyticus$} V. alginolyticus® - B.18t0] B A9}
FALE A7E A A1 vl Aok B Zanetti et al. (2001)9]
S ol B3t V. paraheamolyticusS} V. alginolyticus
7t 2 FAA WS v 2 A7 23 fARE v
cephalotinoll & A9 WAdo] Jeh}R] gtvhar Bt
Y3} Vaseeharan et al. (2005)2 %217 df|4oll A E2lgk v]jv
2] 24 Aol A oxytetracycline, ampicillin®] W& B8}
o 2 dFolgte £ AFo|u £l it VYEhE
FAA Aol 2ol & Uil Ao Algdn B A7l
Ae 24 2 FAdeA] FEL3A AHE3SlE oxytetra-
cycline®] WAI&L YA ZALHAEH o= A3t X199
A5 7HrE] A T FoH 4 Roe AES o)&
g FA2 FAPol FE olF] TtFoy AR EH Y
ke Ao wx] g Ao: ALz @t et YitelA
A X758 FYAZ wol Al-8-3}= amikacin, gentamicin,
amoxicillin/clavulanic acid®] W/d-&-o] WA FA ZALE o
FiES B olE WAl AA A HEF A=A
A2 ojold 4 Qloh

Ampicillin®] MICso@ MICoe ZAFZE T o]v] B51g a9}
Zol B zAMA FEE HlBg & AFidAE v A
Al vl&] €53 =2 WAZE VERN O] MICs3 MICy°]
Z}z} 2,048 ng/mL3} 4,096 ng/mLE YERH AT Italye] JF
XA E23 V. alginolyticus7} B5F ampicillindl] 1= )
38 JERRSITH (Ripabelli et al., 2003) BistgEd o]e
B Aol Aztol AX]E}HH, Petroni et al. (2002) Argentina
BAAZAA E&H V. cholerae®] ampicillin MIC7} 1,024
pg/mL oo 2 n=WAS Ve Tk Baigk vt sl
ofo]] B A4 E2H vrE L Ao ampicillin WA
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Ampiciin LHA H|EZ2| 22 AT EA
B-Lactamase &His I B-lactamase SMXF A}
B-Lactamase®] AHY2 nitrocefin testS E38}] ZA}FITh
I 23 3RTF F 12 316%)TF o] S-lactamaseS A3}
£ A0 T ZALE U (Table 3). S-lactamase Ao Tro st
TEM type, SHV type 2 CTX-M typeS] A-lactamase & RA}=
target® 2 3l PCRE =3 3lH o} 385F RiFo]A] 3717

Table 3. Characterization of ampicillin-resistant Vibrio spp.
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T3 Ak )3t 0] 9] target band®) VAL ATt Melano
et al. (2002)= BNYFAHANA E23 ampicillin WA V.
cholerae non-017} non-0139 5 57%9 A9t S-lactamaseS A
AeFHThal Rals o™, Zanetti et al. (2001)2 LaMaddalena
and Tavolara islands®} 3|g=ell A E2]3F vlB.E] 0& A9
nitrocefin test 23} ampicillin WA-S JeERE 75 2 g3
AT B-lactamase Aol AEHJTt Bustgoen A
lactamase geneS- target® 2 3F PCR Ao A+ B-lactamase
A geneol AEHA FAUTH BHirdle] B 7o) A3t}

: . Sampling . MIC of ampicillin Production of -
Sampling site station Isolated strains (ug/mL) S-lactamase Class 1 integron

1 V. alginolyticus G-1-1 1,024 - +

V. parahaemolyticus G-1-2 4,096 - +

2 V. parahaemolyticus G-2-1 1,024 - +

3 V. parahaemolyticus G-3-1 512 - +

V. alginolyticus G-3-2 4,096 - +

4 V. parahaemolyticus G-4-1 4,096 + +

Gyeonggi-do V. parahaemolyticus G-5-1 4,096 - +

6 V. parahaemolyticus G-6-1 512 - -

V. alginolyticus G-6-2 512 + +

7 V. parahaemolyticus G-7-1 4,096 - +

V. alginolyticus G-7-2 2,048 - +

8 V. parahaemolyticus G-8-1 1,024 - +

V. alginolyticus G-8-2 4,096 - +

9 V. parahaemolyticus C-1-1 2,048 - +

V. alginolyticus C-1-2 2,048 - +

10 V. parahaemolyticus C-2-1 512 + +

V. alginolyticus C-2-2 512 + +

11 V. parahaemolyticus C-3-1 4,096 - +

V. alginolyticus C-3-2 4,096 - +

12 V. parahaemolyticus C-4-1 2,048 - +

V. alginolyticus C-4-2 4,096 + -

Chungcheongnam-do 13 V. parahaemolyticus C-5-1 32 - +

V. alginolyticus C-5-2 4,096 + +

14 V. alginolyticus C-6-1 4,096 + +

15 V. parahaemolyticus C-7-1 4,096 - +

16 V. parahaemolyticus C-8-1 2,048 + +

V. alginolyticus C-8-2 1,024 - +

17 V. parahaemolyticus C-9-1 2,048 - -

V. alginolyticus C-9-2 4,096 + +

18 V. parahaemolyticus C-10-1 512 - +

19 V. parahaemolyticus J-1-1 1,024 - +

20 V. parahaemolyticus J-2-1 512 - -

V. alginolyticus J-2-2 >8,196 + +

Jeollabuk-do 1 V. parahaemolyticus J-3-1 1,024 - +

V. alginolyticus J-3-2 2,048 + +

29 V. parahaemolyticus J-4-1 1,024 - +

V. alginolyticus J-4-2 4,096 + +

+, deteceted; -, not detected.
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A X3, B-lactamased] TI$F W71 AL o8] 74A 7} Q)
on FH AL p-lactamase A o3 AR o] E&A
3 W2 o2 Huso] It} (Petroni et al., 2002). 1} 217
S8A e A5 A ZE 2] porin 2] T3] wE
213 WAde #Eo)ub AEwe] PBP (Penicillin binding
protein)e] AFO 2 13} BlactamA|l YA oSt 315}
Zad oA s HAY 4 okl B vk (Melano
et al., 2002).

SN FoN A B-lactamase F A= integronT -2
chromosomal gene structurel} plasmid W] ol £33t KI5
o] Qlom P-lactamase FAAL] F2F 9 Rd W a4
g9 57+ A"t Easo} At} (Teo et al, 2000).
webr B Qo)A ZAME ampicillin WA WB Q.4 Al
A t5E 2 Slactamase YTl z2Hol7t UERd AL At
o] AU Q= B-lactamase FAA7} BIEA] H$Jol] EA)8)
o Fdo] HA| FAY EE P-lactamase LAY 0] 2] 9] ThE
g 71de] EdAHo R 288 4 Jrial APHER 25
olo thgk AFrt BAF AR AlmHTh

Class 1 integron ™A HE

Asiet 22740 EEH HEE| % AT class 1
integron cassette A& ZTE Table 20| A A3} TE PCR 23}
V. cholerae non-01 YSV-328 A9 § V. parahaemolyticus S}
V. alginolyticus| Al TF¥3F 2.7]9) class 1 integron cassette©]
AEFN e WMizo] F7]= 750 bpoll A 10kb o]F oz Bl
= Aok

agdAE A FAAA GARA FHAE encodingdt
3 9+ integrond Al A Aol A o]F3AHL 71 DNA
A transposond F8kA] AR § BAlGS o O
EATGARE o5, FES Bto] 5F & o)F Aldo=m
g S ioky 43 A At} (Rowe-Magnus and Mazzel,
2002). Table 39 A|AJg vie} o] B AgoA Ed
ampicillin WA BB eE Aol = thekdl class 1 integron
S B3l 9= e R Ao, o]2 3 class 1 integron
ol EAEE e FAA WA FHA7T plasmid DNA
22 mobile elements: F3 ThE N B o& MTEdA A
2 4 98 Aoz AFHT Ceccarelli et al. (2006)2] A}
M= Angola®] 17 A58 S B EHEH g FAA
AN V. cholerae®} V. parahaemolyticus® A ampicillinS
ZEst teke A U FAAE BAT integrond) AE
< #2135} integron®l| encoding® TS A A WA FHA}
7 HlB 2] 2.4 Al tAA S frdste 8.3 dlolzt
I B3ty

RAPD-PCRE &3t A &3y 24

2 AFdA " 3% HBEgE AER] F
alginolyticus2} V. parahaemolyticus®| ™3+ RAPD PCRE
33 AHE Fig 20] AXSTE PCR M=vel 443
V. alginolyticus® 733 2F 350 bpoll A 8 kb, V. parahaemolyticus
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N
BN}

Strains
C-1~-2 —
C-3-2

VA-1

V. aiginolyticus ATCC 17748
c-8-2 —
J-2-2
C~6-1
c-5-2
c-9-2 —

VA-TI

(b) V. parahaemolyticus

g g & Strains
: 21 C-10~1
J-1-1
C-8-1
C~8~1
i 4-3-1
i J4-1
N
it G-6-1 ——
L G-7-1
. G-B-1
v C-2-1
G831
20 C-4-1
i C-7-1
o G-5-1
- V. parshaemolyticus ATCC 17802

vP-1

VP-1

vP-1I

patterns of (a) V. alginolyticus, (b) V. parahaemolyticus.

o] 7% % 600 bpel A 10kbe] 7S 2 AR 2AMAR
o} UPGMAEA 27%E EUl& fARES et cluster HES
2235 A3} V. alginolyticusS] 73%- 2719] cluster (VA-L, VA-II)
2 TEYYIL V. parahaemolyticus®] 735 37FA cluster (VP-],
VP-II, VP-IDE FEE o] ¥2] A9 FALEY} =74 2AH
Atk
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