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0. 778 24 2 gax

1 #HF 534
g itol o} Aol Vibrio spp.,  Edwardsiella tarda, ~12)31 Enteric
bacteriag Ul’32o 2 sl Pc, QN Z2]al Tedl] thdt WA fHAte 24 —
FE WAT WA 22 27 Aol&E, £4 olHold 94, T3 Al
23 WA FAA A dist ZE AAFEH B8 FAE FAE 9%
data =3.

2. B2 A Ay

offell WA AW ¥d T d/l 1F ATl RS Uk
olF 74 WxE7t A Uetde T2 Edwardsiella tarda, Vibrio spp. 2121l
Enterobacter A/ B2 AlFo] a4 E4d dExEHoZ EAA Hi gormz
ol& @A Uehte WAEATESY HA Hgo tiFd AFe olv] 433 H
of Ao 822 St Edwardsiells tarda, Vibrio spp. 121l
Enterobacter A| G el Aldo] Aol &f3dlxn Je AR ddx EAS
BA3L3 FAl NZ2E {FAAY] screening ¥ cloning g 3l thdsl
A A e] database 3E 7|81z} g



3. A/ de A

A AFEEHI de FAAAC dg AL o= Ax FAFRE 7HA
I AR tigh 40| o]Fojxol & ot A fEuvEte 7Y Ao
T XEFHQ FHHAAMY AT 98 B4 olFoixxm AT, 72 WA
ol 7FAx e WA FARA §A4 EA47 vliae] o FAH] AEx
Aol o]FoA 1 Yt H7|e ofFHE ARt v gxoF FE
o] FSlo Agto] gl FAA ARl tig AJH FAE e B T
Aol A 2= O SAd0 dist 24L& @A AF3] L AE £4o] o
Folzol & Aot

AMAZ=Z A 7HE o] AMEEE FAAST Teo td WA FAAE
33% o4}, ampicilline] WA-S YEl = B-lactamnase 2 A= 200F o]4,
7223 quinolone WA #AA Wole Zt AW EE strain 2 Z53HA
mutations°] el ZoE 4eA Jon olF WA FAAEL A7)
o2 54 MAEA, 54 & & ddz9 Mol4 F)g Ueie A=
dHA Yok 2HEZR D3] MIC 3t 5 Eoge FABEAA YEhve
Aol 73 Je WAFAAES AU F/HoIW, HZ & vaolA v
Bl typed] FFAZE v o4 Ho] k3], genomic DNAZG
e AAE oltoln, 2RSS AL 713 Tn UA plasmid AR EE
34523l chromosomal mutationQ XJol] tf 8t ZA}7} 2E3| o]Folx ¢lojof
O A= ARAA FHE AT AT 2L 4& F AL AL

agn Sl 20 JRoZRE @e Fojyl £YEn Yo
2 o] F UFHEHEH F£YE 8o FYATAA et WA F3A FF
L EAd Ui FAL FF FHREAY = Y FAF vEES Y3t A
2= "3] o] Fojxx A4 monitoring ©] glejor & Rojth

olg3 ATE MF WEFTAY 293, FANEY A #H d,

FAWY Ay /Mg 57 FA AAHA A & Eord Aot}



. A70E Wg 2 g9

- B AFo M E. tarda, Vibrio spp. 2183l Enterobacter Al Q2] A&l
sl -

a) FHEFolY ol aex (FUBLAZRE AP AT S B8
31, o FAA g AP =S AA A WAEFEY BEE BHY

o =2H WA ZAY AAAFE FAEIY

b) Tc AT AwWg WA 24 FAAE 7INL A9 dgd £X S
AR LA Qe 32 9 Tc WA $34 F 28 SA4FNA A3 B
o] ety ahAM T8 9 F /A (A B, C D E G K L ME
FTHOE 3o A AT

c) E. tarda®] quinolone WA W4 #&A F3AF parC, parE, gyrBY 3
42 MFA cloning 33 WATolAe] QRDR (quinolone resistant
determining region)9] WH3}E ¥} quinolone A Fe FBEA ot
WA WHol =9 EA9 ZslE 4 3t} o]AL in vitro mutant 9} A
isolate®] Hlx ATE 3t B} FAFoZ B 3o

d) A7ZAA 5l A771 s FEA JYEHD e Vibrio 7]
ot de WAAFHAR g £4E A= )i, detectiono] & H XA
OSH AEE typed bla genes screening sl I EAE B4 d¥r)

Q) +9 shato] @ BAollMel Te AT E47 #34 AL St
AM2L WAFERL odde] HA UeA a8k I PPAL ojyg3tx

¥4 s,
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V. A7 243
1. Vibrio spp.9} E. tarda®] B-lactamase

t}¥3t bla geneol] W3 primerE |83} PCRS AA|g A7} 19973 5
B 20033@7tA)e] $=ZY penicillin resistant Vibrio spp. 3604 E5F
negative 2732 B Fth AZE bla gene?| cloningllA $-g& Vibrio
alginolyticus KV-3 ZH ¥ bla VAK-1S 4& & UATh o] FHAY EAE
19973 c 2 e EgE penicillin WA 9] 36 strains o st PCR #4]&
A A st = Y spreadingd] Wi FEHE& & F A AT o] FRAE
nonmobileZ, chromosomed] ZEAsle Ao E FFAEHAS™ Phylogenetic
analysisol] A class A°l] &3} %t}

Edwardsiella tarda®)] penicillin W4 #x 54 E4S Y3t 1993d%
B 200337tR] Fait, gaiet, AF SR AXG Fole] ol 115
el MATES e 9 o] F 12709 #F 7} ampicillindl] 256ug/mé ©]
Aol MIC g Yeldidd. £4 A3} ampicllind WAS dehdle
Edwardsiella tardao) A1 2] B-lactam AY A MIC &2 penicillin A &9l
Ae "9 =A JeEGATE cephalosporins AlGoME ddlHoz e
MIC & YetdQch o]|AL E. tardac] A9 ESBL gened o}3 FEA)3}%)
dFetes AL guisiy FEY Blactam FaAZE FFF ABA} H F
RS FAIEH.

w3 1270 9] ampicillin WA E. tarda Fol4 107§ 4] TEM-1 geneo] &
Q1 5 2th TEM-1 geneo] &1R107} ¥F 5 87] FF o)Al transformant7}
gl HAth olAoZ TEM-1 geneo] o]FA o] (& plasmide] EA 3sl=
RAE & F don &4 oA ampicillind] WAE YeEl= E. tardaz}
A g oo wWE A o AT HEo] F7F E F USE A F
Attt 223 TEM geneg] promoterol= P3, Pa/Pb, P4, P5 5 47}A &)
7 ot &8 A Qe o] AL promoter F99] nucleotideZ} §F 7 WA



-

FAZE W3 st A Aezm P bR ofsta P57 M A
promoterZ 4 Qlth. B AFANAM E. tardao] F21¥ TEM-1 gene-2
5 P39 <3t promoterE 7FA T 1o I WA leveld] YA F=+= 4
7 dstE FHE EATS 9l dHt 2H2E E partol MY AELS &
g} Pe WATL obd 33 SHAX vfg AP levelZ71A] 213}3}
R Brle oHoa & F Aok

Rl

2. Edwardsiella tarda 2] quinolone W4 ## f

E. tarda®] quinolone W4 =9 AUL 437 938ty o2 FEY
gyrA, B gened B3} degenerated primerE A A SIH I ©] primerE o]
23t PCRZ QRDRY @7IMEE AA3H O, cassette ligation-mediated
PCRY o2 gyrA¢t Be| A H7INEE 24T 4 U E=§ parCe
parEo] d ZE #33 FJHE J5 sl o|FA 249 gyrA genes ¥}
E} O 2 1994 B E] 2003 @71 A] $g)vta golAe] 7ol 2R E] B ¥ E. tarda
©] QRDRS #4133 A7} 831 ofn|=4te] ol & & & 4 YU, A FHQ
A oA 5 AT = 87H oln|=4te] HolE &g 4 A
o] E. colig XF3t= T 19 ST T 22 A7E GyrA9] 83, 879 o} n| =
2] Wol 7t quinolone WA 5ol 83 94U T g S & + ATk A
2802 B parte] dFoAE E. tarda gyrA, B par C, E gene 9| & 4]
quinolone #H T & FAAle] B3 Hxo BRI ZA I mutation?] 543}

WAl Astel chstel Y 4 stgck

3. Multiplex PCRS ©|&3F oY AlF9| tet 7382 £
SElvEt FAEFY] W REEH ZEg of AT Fol tetracyclines] o
g WATY HE&s E4stienH, olg WATl Ze WA A BAS
A3t tet A, B, C, D, E, 283 Go| s 2 =77} RS E specific
primersE A|Zg & PCR7Z|HOo.Z oy A9 Tc A FHAe Exs
719¢ R Foz FAH3uA AT 199332 E 20033712 $-2vket &



27l BEed & o8 MdF& E. tardas}t Vibrio spp.2 YEFEO M,
tetracyclineol] g WA T2l vl &L 247 15%, 26%9S &g 5+ AU
g olgd WATEdNE A" FH/Y tet geneo] EEFFi UeA &4
3t A3} E. tardad| X 8T Ft tet A, 7dF < tet D, 29T+ tet B, 18|31
tet A-D, tet A-Gs} Zo] F FF9 geneg 71 FF7F 247} 2, 12 Yl
rom, Vibrio sp. #FE EF tet BE 714-¢ 9% 4 Ut 283 v
WA A. hydrophilae]l 5 TFoA <= tet E- C, tet C, P. micrabilis®] F o5
= E5F tet C, 118]3l Acinetobacter lwoffiiv= tet B7} Q& AT 4 U
o FolF FHoA AJE AERE BAY A, FAF FA dgdMe
6.7%, AANME 244% :La]:n_ net?] HEAEANE 30.7% WAT W%

|

g ngow, F4AE Foig =3B A ATIM WAF NEE
283% TS Seln ge Taude 025%e WAT UES 1ol T
HAE FAR olF7t FAAE FARA we olFdl Hstel ¥4 veht

o} ral% WA o= tet B, tet CTHS 38 4 glo] R0 = 280
Wa fraAtdd d55HA vetgt. FYAE FAS § J-JJE'%M 2 Al
oA el WA ¥EE Adg 243 A Tt B T 1, 4dANAE
85, 83% = WATY ¥ixr} 2718ty O 32 Ade BESE HFge
H, 43 vtAT &2 209 FAAE FH317] AH{ 22 YT HE
E Jellth 45" AT EZ5E whole cell bacteriaE ##sle ojH
FTH9 tet geneo] EAY3=X PCRE AHA|S A tet B, tet CE FAT
ARt F YUY Te WATL netd] BFEA 7184 23 FAAE
t BE 713 ®o] &8st jlon Ff{d doiAe Hlud Aoz
T Ao

g

e

91 satolst Bl Ael Te WA #21
=9 FA BAZT tet gened] EXE PCR 7|Hog AAIRI] LA,
a2 2azRE, sdo) 24 BEAl2Ud WAL Yehile 3289 Vibrio
spp-9t 1659 FWl AldE EstH: Efflux geneQl tet(A), tet(B), tet(C),



tet(D), tet(E) 1)1l tet(G)S 7E3}7] % multiplex PCR Wi o] s Hg
TTFES H2ES Ay, A AddMe s 7Y tet geneo]l HEHUL
u, Vibrio sp.olXe= A 719 tet gene T tet(B) Thol YElgth X fet(K),
tetL) 2 tetM)ol] g 5ol primerE AME3te Ee] 755 AlFsE 4
7, AU Al FlA tet(K) e tetM)E Ad ool 242 1954 AEHUL, =
A= BE Vibrio spp.ollA]= ribosomal protection genell fet(M)o] HEEU
t}. wehA 3t A WHE BE Vibrio spp.olXE, tet(B)$} &7 tet(M)o] BIE
grtolEd A AARA EA%tE 2AE & F Ak

T 7HA F23F tet(M)Q] Tn9163} Tnl5459] tetM)e] A71 A E<2] conserved
region3} variable region® ZHE FELHEo 277l 2% 2 A|ZE primers
< |83l multiplex PCRE HAISH Ay}, g9 4 FHANA E2E EE
Vibrio sp.x Tn15459 A F2lE tet(M)2 Uil Aol Q=AY vhd, =
WAl sl Cv23e] Z¢, Tl 2R fed tetM)S AYL UAAS
o, Vibrio spp.$} CJV239] tetM)e] d7] MIE EAsY Hu=o Qe
Tn1545 2 Tn9169] tetM)3} Hlw3lYch. 12y}, Tnl545-like genesE 3} link
Hol A &8 A= erm(B)9} aphA3+= Tc-resistant Vibrio spp. 287t o}
Yz} erythromycin®)] resistant 3t 9 Vibrio spp. strainsol M= A% A 4%
.

tet(B)<} tet(M)ollA A|ZHE primergS 233, DNA Aol F {19
W Aol @l PCRe| 22 Eo] AUHES o, ei(B)} reM)e]
ZQ Aol daf dolr A stk I A, tet(B)/de] g primerd} tet(M)
%29l 3 primerd]] 93] FELHEO] AAAHJCH, B4 AR, tet(M)S tet(B)]
3 endshe 2536bp FolZ Azld] AT YW, te(B)S EAFT e
Tn10s] v Sfol NS S & AT, Vibrio spp.ole] tee] Wl
o W Hzel wiolch

aeln ol AT FAAS Folg Aol Qe St FojFez
BE de Z2uEgdy YXE ASE dle TCBS, CC AEu| & o] &3 &
W oAEe £ BAsRY AW Ao 48~68%, 10~33%= 4z



Vibrionaceae, Enterobacteriaceae A/ Q2 A H Qo o]F Te, Am, Cm, OA,
St, SFo| wldle] Vibrionaceae= 46%, 48%, 33%, 8%, 23%, 53%,
Enterobacteriaceae= 10%, 22%, 3%, 8%, 15%, 5% WA v &S R FUo
(Table 1). Tc 30gg/meo] A7+ ST WA ZRE A4z 2T 50749 Wi
KFol AAT Y tet AAE 247t BAY DD te(A)S} tet(B)7} 20%,
60% 22 tet(B)7} major type &2 HAAHIAT ol AIe Fu Al
A EL 23 UEE Bolx Teol tIlME 46%2] AT H]'Ea Yel =
Vibrionaceae A1 Q9] #Fol 93ty & &g A2 Aoz FAHHUCY. 19
T Z7Ezr vlmdA F3o] Te AT H&L 3~31%2 g4 A vl&
< Yelies dELe 33~55% W4 HlE&S JE v S50
H&) oha e AEE et fAE R4S BF0E ddeE A
& A3 Tcd A% vl FAd 25 @] AU Algolx <
39%<9 WA ¥lgol etk ol Wi (7%)S AT A7ME 48%, T=
58%, Bl 87%, AXulAo} 88%E UEhd U8 Tl FW Ao WA
v g Hla] i ¥ FXjo|th €T, JAZulA|olllA 87%9} 88%] w2
Tell A H]%o] Jeld w2323 A7MEdA e $2uetd] ulE) 94; 10%
A5 2o WASAZ veit 2gEs o= (IR T ofF

Watol wstel MmA £ FAA WA A4 Aw F2 B



V. d74d 23 F8AF

- A2 oyl F7te @ AT PAE 7SR Yeme I F7h
Aol h olsf FA
4 AR o S4E AR dEA 2% 2 994
Ao e Aol o] Rl FEo A W B4 Sk

- g%oz RHY BE oy olFs HA o4 WAy A
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- B dTe olgE U A WATEA U 93 ARE Y
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SUMMARY

< Title >
Characterization of the antibiotics resistant determining genes

carried by aquatic bacteria in Korea

A. Characterization of the (-lactamase genes from the isolates of

Vibrio spp. and E. tarda in Korea

PCR was performed to analyze the bla genes carried by ampicillin
resistant Vibrio spp. strains isolated from marine environments from 1997
to 2003 in Korea. Unfortunately all tested 36 strains showed negative
results in PCR with the primers designed from the nucleotide sequences
of various known bla genes. It pushed us to screen the new bla gene
that may has not been reported. From the Vibrio alginolyticus KV-3
isolated from the coastal waters of Keoje island of Korea, novel bla gene
was cloned. The determined nucleotide sequence (bla VAK) revealed an
ORF of 852 bp encoding a protein of 284 amino acids and did not show
high homology to any other bla genes in data bases. The deduced
284-amino acid sequence of VAK-1 would consist of 19 signal peptide
and 265 matured protein contained highly conserved peptide segments
specific to class A blas including the specific amino acid residues STFK
(70nd to 73th), SDN (133th to 135th) E (166th), and RTG (234rd to 236th).
SDS-PAGE and IEF with the bla functional assay elicited that the Mw

_10_



and pl of the bla VAK-1 were 30 kDa and close to 5.2 as predicted
respectively. In performed PCR with the primers specific to bla VAK-1
gene, four strains in 36 strains isolated in our laboratories from marine
environments from 1997 to 2003 in Korea, one Vibrio alginolyticus, one
Vibrio chorelae and two Photobacterium damsella spp. generated the specific
amplicons and indicating the diversity of bla genes of ampicillin resistant
strains in marine environment. In mating experiment, one strains carrying
mobile plasmid did not transferred VAK-1 bla gene to E. tarda PPD
recipient. Thus such nonmobile characteristic and presence of
chromosomal Acyl Co A sequence flanking at the 5 end of KV-3 bla
gene allowed us to assume the location of this new bla gene in
chromosome rather than mobile plasmid. Antibiotic susceptibility of bla
VAK-1 was indicated by the elevated levels of resistance to penicillins
but not to cephalosporins in wild type and E. coli DH5a harboring
recombinant plasmid pKV-3 compared to those of the host strain alone.
Phylogenetic analysis showed that this bla VAK-1 is a new and separated
member of class A.

For the determination of ampicillin resistance in. E. tarda, one of the
most important bacteria in aquatic industry, we isolated 12 high resistant
bacteria to ampicillin from 115 isolates obtained from South sea and Jeju
area. MIC to [-lactam antibiotics appeared to be very high to the family
of penicillin but not to the family of cephalosporins and suggested the
absence of ESBL gene in E. tarda. widespectrum of [-lactam antibiotics
may be useful still to the treatment of Edwardsiellosis disease in korea.
Detected TEM-1 gene in 10 isolates among 12 were transferable and
implied very fast spreading of the ampicillin resistance to the
environmental microorganisms. All these are utilizing P3 promoter known

the weakest one in P3, Pa/Pb, P4, P5 promoters for ampicillin resistance.

_11__



B. Molecular Cloning and Characterization of Quinolone Resistance

gene in Edwardsiella tarda

Knowing the entire sequence of the DNA gyrase subunit A (gyrA, B,
par C, E) gene of Edwardsiella tarda (E. tarda) could be very useful for the
analysis of quinolone resistance. Degenerate primers for the amplification
of gyrA, B were designed by using consensus nucleotide sequences of
gyrA, B from nine different gram negative bacteria including Escherichia
coli (E. coli). With these primers, DNA segments of the predicted size was
amplified from the genomic DNA of E. tards and then the flanking
sequences were determined by a cassette ligation - mediated polymerase
chain reaction (PCR). Determined nucleotide sequence was highly
homologous with those of other bacterial species gyrA, B in both the
whole open reading flame (ORF) and quinolone resistance-determining
region (QRDR). The 2637bp gyrA gene encodes a protein of 878 amino
acids, preceded by putative promoter, ribosome binding site, and inverted
repeated sequences for cruciform structures of DNA. Additionally, we
also have determined the full sequence of par C, E genes of E. tarda.
GyrA of E. tarda complemented the GyrA mutated to be sensitive at high
temperature E. coli KNK453 strain at 43°C. In the analyzed nucleotide
sequence of the flanking region, we could not find regions showing
homologies with those of other bacterial DNA gyrase subunit B (gyrB). It
suggested that E. tarda contains noncontinuous gyrase genes, gyrA and
gyrB, on the chromosome. In 12 quinolone-resistant isolates examined,
there was only a single type alteration within the QRDR, Ser-83 to Arg.

We also selected the mutants resistant to quinolones in vitro from

quinolone-susceptible E. tarda by exposure to the stepwise increasing

_12_



concentrations of nalidixic acid and ciprofloxacin. In mutants achieved in
vitro selective steps, all resistance mutants examined showed an alteration
within the QRDR, Asp-87 to Gly. It suggested clinical isolates and in
vitro mutants of E. tarda resistant to quinolones is primarily related to
alteration in gyrA.

Additionally in this study an economical and time-efficient mismatch
amplification mutation assay (MAMA) PCR was developed to detect
mutations in the gyrA gene, and applied to the analysis of mutation
occurred in gyrA of clinical isolates and in vitro mutants of E. tarda.
With the cloning of the gyrA, full length of genes encoding gyrB parC
and parE were also cloned from E. tarda by amplification with primers of
the QRDR, followed by cassette ligation-mediated PCR. The E. tarda gyrB,
parC and parE code for proteins of 100, 200 and 300 amino acids,
respectively. The topoisomerase genes, parC/parE are contiguous in the
chromosome of E. tarda. The gyrB, parC and parE were most closely
related to E. coli (gyrB) and Klebsiella (parC) and Vibrio spp. (parE). To
analyze the role of DNA gyrase and topoisomerase IV in quinolone
resistance of E. tards, we analyzed the resistant isolates in Korea and
found that point mutations both in the gyrB and parC QRDRs were
detected in strains with high-level resistance. These results suggest that

gyrA and parC are the important targets for quinolone in E. tarda.

C. Application of multiplex PCR for the analysis and Characterization of tet

genes in fish pathogenic bacteria from Korea
Multi-drug resistant isolates carrying tetracycline resistance gene were

obtained from various locations in Korea and were analyzed the

distribution and origin of the tet genes. Frequency of tetracycline

_13_.



resistance bacteria found in E. tarda and Vibrio spp. as major fish
pathogenic isolates from 1993 to 2002 was 15% and 26%, respectively.
Specific primer pairs were designed to determine of tet A, B, C, D, E
and G commonly found in Gram-negative organism by PCR. With the
developed multiplex PCR method, it was found that Edwardsiella tarda
isolates contained diverse tet genes, tet A, tet D, tet B, tet A -D and tet
A -G, in contrast Vibrio spp. contained only tet B. Additionally,
multiplex PCR with the mixture of an one sense primer derived from the
conserved region of six different tet genes and six antisense primers
specific to each different tet gene was developed to analyze the tet genes
in a single tube with one reaction. Multiplex PCR should result in
significant savings in terms of labour and cost in analysis of a large
number of strains when compared with using an individual PCR for
targeting each gene. It may also be a useful method to differentiate the
types of tetracycline resistance when used as an additional market for the
purpose of outbreak investigation and surveillance. Most of tet genes of
the analyzed 18 E. tarda isolates found in plasmid, while tet B gene of
two E. tarda isolates was localized on chromosome. The frequency of
oxytetracycline resistance in the aquatic environmental bacteria were
monitored from the farms in field. The frequency of Tc resistant bacteria
present in the seawater, sediment and net was 6.7%, 24.4% and 30.7%,
respectively. The analyzed Tc resistant frequency in intestinal microflora
of rockfish treated OTC before 1 week of sampling was 2.83%
compared with the 0.25% in rockfish without antibiotics treatment at least
before 3 months of sampling. Rockfish were held in experimental tanks
and oxytetracycline-HCl was administered at 125mg/kg body weight per
day for 10 day via medicated feed. The changes of oxytetracycline

resistance was monitored in samples taken from the intestinal contents of
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the fish. The range of the mean frequencies of resistance of the intestinal
flora in the period before medication (6~27%) were lower than the

frequency of resistance in the microflora after medication (32~85%).

D. Characterization of tetracycline resistance genes in the isolates from

marine and ornamental fishes

Understanding of molecular characterization of tet genes is important to
analyze the appearance of tetracycline resistant bacteria in fish pathogenic
bacteria. Total of 16 Enterobacterian and 32 Vibrio spp. were isolated from
the intestinal tract of marine fish and aquatic environments of Korea to
determine the dissemination of the fet genes using a polymerase chain
reaction (PCR) assay. Unlike the Enterobacterial isolates appeared to
contain various types of tet gene, all Vibrio spp. were positive for only
tet(B) in multiplex PCR that can discriminate six different fet genes,
tet(A), tet(B), tet(C), tet(D), tet(E) and tet(G) encoding the efflux proteins.
The most unexpected finding in further analysis for tet(K), tet(L) and
tet(M) was that all Vibrio spp. examined also carried tet(M) with tet(B).
Thus in Vibrio spp., found in Korea, both tet(B) and tet(M) genes are
highly disseminated as a determinant of tetracycline resistance.
Additionally, by the different sizes of the amplicons, multiplex PCR with
the primers derives from the variable and conserved regions of two major
prototypes of tet(M) gene, Tn1545 and Tn916, allowed us to confirm that
all tetracycline resistant isolates of Vibrio spp. from the aquatic
environments of Korea carried fet(M) gene derived from the conjugative
transposon Tn1545, whereas an enterobacterial strain CJV23 derived from
Tn916. The full length DNA nucleotide sequence of tet(M) in Vibrio spp.
and CJV23 and compared with that of tet(M) present in Tn1545 and

._15_.



Tn916. However, erm(B) and aphA3, known to be linked to Tn1545-like
genes, were not detected in Tc-resistant Vibrio spp., even in 9 strains
resistant to erythromycin.

The relative location of tet(B) and tet(M) were examined using the PCR
method with the different combination of primer sets derived from tet(B)
and tet(M) to produce amplicons depend upon the orientation and
distance of these two genes on DNA. The amplicon was generated using
the one primer designed from the nucleotide sequences of tet(B) gene and
other from tet(M) genes. It came out that tet(M) gene was located 2,536bp
apart from the 3° end of tet(B) gene or just 3’end of IS10 sequence of
Tn10 contained tet(B) gene.

The tet genes were analyzed in the normal microflora in the bacteria of
intestinal tract of the fish that have never exposed to Tc at least for 3
months before this analysis. Dominant micoorganisms were Vibrionaceae,
Enterobacteriaceae showing (46%, 48%, 33%, 8%, 23%, 53%) and (10%, 22%,
3%, 8%, 15%, 5%) resistant to Tc, Am, Cm, OA, St, SF respectively.
Determined fet genes of 20%, 60% proportions in the intestinal tract
organisms were appeared to be tef(A) and tet(B) respectively. However,
Ent-lact were utilizinf tet(A) as a dominant tet gene and different from
that of Vibrionaceae. In terms of the level of Tc resistant bacteria,
imported fish from Japan were carrying the highest level of resistant
bacteria compared to that of Korea or China.

Enterobacterial Tc resistant bacteria from the intestinal tract of the
imported ornamental fish were also isolated using CC agar plate
contained Tc. Microflora obtained from the imported fish showed higher
level of resistant bacteria compared to that of the flora from domestic
fish, especially imported fish from Taiwan, Indonesia and Brazil were

carrying the flora of the highest level of resistant bacteria. Specifically,
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proportion of the Tc resistant bacteria were 39%, 7%, 48%, 58%, 87%
and88% in the flora of the fish cultured in Korea, Taipei, Singapore,

China and Indonesia respectively.
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- B d7dMe EvEgdA dEFeg gol AHEEHR e FAA
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o $FHuges dehve FAEFY Addre FQ AEE typed] WA
FAA7E A Jetdn gleA, a2 71E9 F3F typedlMe oHF
FH7H 43 =53 JAeAE Wi, RS AF9M FAHE de B
A dehde dAd 2R GRS oui XY XolE HoleAE £43%
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2 948H3 Je Aotk 2y A 3 vsty vmF JFYAE A
F2A AHEstT Qe fEUEtY] F4 R AFoMe AEE FAA
u4d 23 A&7 e § e ZFAge] ad. aEs IYA A 2
A A (WA target 219 W3E X3 W e A2 WA AR

o tgt EAL FAdAS At AR dF TF A QULe2A A
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M2 =uel 7l=7ie g A 2ely|sdE
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M 3 & dAmlgsd g 2 2t

X‘" 14 Vibrio Sppoﬂ /\‘19] B-lactamase _]Q'_Jllj Z}- Zz /\"_
15 &

- HlBE e Fo &= of¥ AMFo] e B-lactamase FZA}= Vibrio
harveyiol A 8" VHH-1, VHW-1 gene%to] B 5 o] It} (Teo et al,
2000). 21322 o}F PCRWHOZ TEM, SHV geneS &Il WY&
AZ=EHAo Y gened] EAE 83A £33t} (Zanetti et al., 2000). & 4
TFAME g9 Ay AGH T35, AN FYF oAFdA &g Vibrio
spp.- ° %14 blaTEM, blaSHV geneo] YElI}A] ¢F=X] ZALStAL 31
tt. a8z E2¥@ Vibrio spp.7} oW 543 B-lactamaseE Zte=AE 9l
3171 93l A] Vibrio spp. ¢ B-lactamase geneS A3+ &4 3] 2]3t9] cloning
shect

2. % 9

7}. B-lactamase ¢ &A=} 39-& 3 Primer A Z

- TEM, SHV gened] £9]3Ql primere o8 =& A& Ho A= A
& AFESFET (©], 2003). OXA gene2 Bert et al. (2002)0] Al&3F AL ¢l

83t} Vibrio choleraed)|x] 2] 3] B-lactamase {1 PSE type¥} CARB type
9] nucleic acid sequence® Genbank (NCBI) oA %3 (access No.
AJ784256, AY008290, 722590, ]03427, AF409092, AF030945, AY248038),
Bioedit (Version 5.0.9., Department of Microbiology North Carolina State
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University) £ o] 834 H|3 & conserve § F-9oA primerE A &3}
Gt EFE Vibrio spp. oA €84 Qe B-lactamase! VHH-1, VHW-],
Vibrio parahaemolyticus B-lactamase’= Genebank (NCBI)9jA] nucleic acid
sequenceE A F 7Z}zZ}9] genes QA & F Ae 5olFHU primerE A
28ttt (access No. AF217648, AF217649, NC004605). A}-8-% primerse]
G71 A dAdEE FF HEQ Z7]E g9 Table 19 Yehfi Ut
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Table 1. Primers and expected sizes of PCR amplicons for various

-lactamase genes

Primer B-lactamase Oligonucleic sequence Expected
(5’-3%) sizes(bp)

TEM O TEM ATAAAATTCTTGAAGACGA 1080
TEM G2 CTGACAGTTACCAATGCITA

SHV F SHV GGTTATGCGTTATATTCGCC 866
SHV R TTCAGCGTTGCCAGTGCTCG

OXA F OXA TCAACAAATCGCCAGAGAAG 276
OXA R TCCCACACCAGAAAAACCAG

PSE F PSE, CARB GATTACAATGGCAATCAGCG 550
PSE R GCTGTAATACTCCGAGCAC

VHH F VHH, VHW TCACCTGAGTGTGAACCGA 981
VHH R GGATAGTCCTGCTTACTGG

RIMD F X CCTGTTGGTTGGGCTGATG 810
RIMD R CAGTTGGCTGATTTGCGCG

#: Vibrio parahaemolyticus RIMD [-lactamase
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- YHbARI WS maA AAISIH T (Jun et al, 2004).
t}. Unknown B lactamase 72} cloning
1) AgE g49 *

- 1uge] DNAE 10x restriction enzyme buffer 209} & ojF FH 7]
of 32 SFTE 715t HF 97t 20w7F HA Ao 7]l lunit ©]
xe] Sall (Takara) 7}stm & HolZ | 37CelA 347 whg AR
2] Phenol/Chloroform< 13} xglgdoz® u2-S A7) Fo 2u)
volume®] 99% ethanol& Y1 invertingdle] E3 ¥, -70 CTolA 1A7HE
ot ST 12000rpm, 4T, 108 ¢ 4 Bt AL AR
31, 70% ethanol2 ©A] 12000rpm, 4TC, 1023t ¥4 E2]dl= washing 3}
Be AdG. 459g Fs) AAT T, 102 A AZAA, 10ue]
distilled watero] A AEAIZ T} (Jun et al, 2004).

2) DNA fragment?] ligation

- Sal1 o2 A2]g KV3 DNA fragmentE pHSG398 vector (Takara,
CMr)oll A3zl ¢43ke] Sall A28 KV3 DNA fragment, 10x ligation
buffer 244, Sal I *]2]$ pHSG398 vector, 1u42] T4 DNA ligase (Promega)
£ Y1 distilled waterE 7}3lo] HE Ru|7} 207}t HA 3 & & Ao
T 12T A 164175 ¢t W8 A F T
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3) Transformation

- Ligation mixture 204E calcium chloride®& AF&-3le] AZ3E E. coli
DH5a competent cell 100utoll ¥ 1 7} A 4dolE Foll iceo] 30&3t 3
st} 1 t}S 42°C water bathol] 187t @ &lF I iced] ThA] 3E7F WA
3tt}. 18] SOC broth 600u4E 7138t 37Col A 1A17F 308 Ag wjg A
Z1 ©+& ampicillin (30ug/me)9} chrolamphenicol (30ug/mé)°] £ UAE LB
agar M| Aol 200u¢ =2tk 18A1 7 wj ¥l transformantE X8 s E T

——

2}. Conjugation

- E. coli DH5a-% recipient 32 Al&3t9oH, A3 #FE S donor ¥
Fa ALgstRt. =3 o] Age Ane Asty] 8 E coli AE wjAd
chromocult agar (Merck)ol] &AAE Hrlsted &<l s (F, 2000; Jun
et al,, 2004). £ APolMe Al¥ TFES Tryptic Soy Broth (TSB)oll HF
dle] 37 ColA w3t & 1 wigYe =& TSBol| 50ut HF sl 443
¢ Ae wjk AR AT wGdH oAGTT s 1109 H
&2 MEE TSBo| £33ted 37 CollA 18AI1F HA wig AAS. o] vl
HNe FdFd HEL o]8&39 ampicillino] 30 pg/m FE=E E97F Y=
chromocult agarel]l =23lx 37 CTolA 18A17F wjgsle HolZQl =
A 22 ZAEETt (Pai et al, 1999; o], 2003).

u}, o]FtjA=a F4HY (Double disk synergy test)
- N¥ TFE TSBo| HEsle 27ColA 18A17F wjddt & 107cells/mlE
HesA v)E dFE HES o] 83 Muller-Hinton Agar (MH, Difco) o

127 =29 of Hoe FYol amoxycillin/clavulanate (20/10 g,
Oxoid) disk® ¥1 ©x39 7R Atole Aol 10m7t HES
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cefotaxime (30 ug, Oxoid), ceftazidime (30 wg, Oxoid), ceftriaxone (30 yg,
Oxoid) disk®& 3 oA & 7228 HAoZ 20mr} H=F Z+Ze] diskE
Fqth 27CAA 18A1%F wjFsE Tl T disk Afolol A EhtE A
PdE HAR F5EHE BYAAT (o], 2003).

H}. KV3 B-lactamase gene?| Isoelectric focusing (IEF)$¢} SDS-PAGE

- Al FFE 20mee] TSBel HFsto] Zhzbe] oM 18AF A& wj
&tk ©lE 12000 rpm, 10& &< A4 Esteq #AE L ohAl PBS
(Phosphate Buffered Saline) o 33 A&g &, tfA] 12,000 rpm, 108 F

24 Relste] 2 PAE 3% FRS 750l AR ARHEO
%Zl AFHS dad E2 A 253
4710, Cole-Palmer Instrument)E ©]§3leo 1&3F 23 &3 34tk ol&
12,000 rpm, 4CollA 1023t A4 £ 3t FAYES @ &3 F
A8 A7LA 70Co] BASIHT (©], 2003). EAFE 471 9314 Bollag
and Edelstein 9] ®}¥S 183ty SDS-PAGEE A AldtHct. IEF=native
isoelectric focusing gel & A| 23t AASIH T H20 4.85 mé, solution A 1
m¢, pH 3.5-10 ampholyte solution(Bio-Rad) 24u¢, pH 4-6 ampholyte
solution(Bio-Rad) 1204¢, 10% ammonium persulfate 2548, TEMED(Sigma)
10me & EF3ste A|xdPYL™ solution AE acrylamide 24.5¢ 3} bis
0.75 g& st SFF 100meell =<0 & 045um filters ©]-&3fa] A
1 F Ao o] 4 TolA BAste ARGt A ZXE gelS casting
trayo] ¥ FFF ol 2A17F T FF A7tk IEFE= Mini IEF cell
system (Bio-Rad)S ©]&3ldq AA|EHt. WA lower chamberd] lower
buffer (H3PO4 1.36m¢, H20 2/)& AHIFH -+ gels 1AHI upper
chamberE& Yo]Ft}. $of upper buffer (100mM NaOH)E HIF#F Y&+
t}. sample template 20 5 3l isoelectric focusing chambere] ZAZ=

S $2 Y2 AN FBY gol FRo| TART] FES dhol

33 7] (Ultrasonic homogenizer
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200 VoA 3A1ZF M7195 St A7]9Eo] B glass plateZH-E| gelS
#2351 nitocefin (Oxoid) & ol 4l «J7x] (Whattman No. 54 paper)E
gel f]o] Qojx HolxgoZ Yehe bandE &9l AT pl #5LS Y3
A1 IEF %% marker (Bio-Rad)E A}&3}%t}

A}. KV3 B-lactamase gene?] Vibrio spp. dlx¢] %

- KV3 B-lactamase TFS detectiond}”] 9138ta] Vibrio spp. oA &<l o
2] B-lactamase®} KV3 PB-lactamase nucleic sequenceE sequence H|il
program@l Bioedit (Version 5.0.9., Department of Microbiology North
Carolina State University)& ©]-83}o] H]w 3l & KV3 B-lactamase ¢ £7

A RES A3t primerE |23t (Table 2).
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Table 2. Primers and expected sizes of PCR amplicons for KV-1 gene

. Oligonucleic sequence Expected
Primer B-lactamase .
(5-3") sizes(bp)
KV F VAK-1 GTCGTCACACACGGTTGCAG 567
KV R B-lactamase CAAGTCAGCAGAGTCTG
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3. 2
7}. Vibrio spp.
1) Vibrio spp.ol A €] B-lactam AQ FAA WA

- e, daltel o7 FA oAFe oFe}t sigolA 120709 Vibrio
spp- & £8 & ¥ FAHoE 6174 AR thFe Blactam AE FA
MICE agar plate methodE Al83l9 &4 34 & 48 A
80% o]ie] Vibrio spp.ol A ampicillinel] i3] WAL Yelhi IS <
& 4 YT} (Table 3). o]Ae] B1ug Vibrio spp.o]l 1014 ¢] ampicillin W
A HlLe 30-:98%ea B Yo 2 Ao FAAE FA #F 5 AT
(Ottaviani, et al. 2001). & HTJAE ampicillind] £ WA BHE Ve
t}. 3At] cephalosporins?] cefotaxime} ceftriaxonedl] 8ug/mé ©]/¢<e] MIC
e Role= 6 FF7F Yded E3] 1 F 17FE clavulanic acidol] ¢ A)
S| A] cephalosporinsol] W/3-& veldo] ESBLo] oJ4A = At} dtA|TE o] F
ty2=3 g4 (Double disk synergy test)ol] 4] 5-o]2 <l synerisme] YEeh}
A ¢t} (data not shown). WA Vibrio spp. 949 ESBL2 3¢138}X]
2ok
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Table 3. MIC of Vibrio spp. to B-lactam antibiotics

e B-lactams

(ug/mt) AMP AMC CPL CFR CFM CFD FOX CAZ CFX CFA

0.03 11 1
0.06 2 24
0.12 4 9
0.25 1 9 4
0.5 6 12 6
1 3 5 13 3 1 5 2 4
2 6 4 1 1 3 8 5
4 15 1 9 10 5 3 5 0
8 5 7 5 8 18 7 4 5 8 2
16 9 4 2 2 1 5 37 6
32 2 4 6 11 1 7 4
64 3 6 6 15 3 11 25
128 8 5 18 2 11 6 11
256 8 1 19 11 15 5
512 10 3
1024 12 11
2048 13
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2) Vibrio spp.olA4]¢] B-lactamase detection

B-lactamase®] £AE <l & 4 Q= nitrocefin testol] QoA Vibrio o
F9] 40% AHX7} positive WS UER ST (data not shown). 3}X|7F o]
g dFENA 28 4 T EA8AY NCVs ( Non Cholera Vibrios)
o EAstta d# 2 B-lactamases] EAE FIE7] YsiA Tgs B
-lactamase genedl] Z}Ztol] E-0]Z Q] primerE A Z}dled PCRE 3 2 ZA
Eo]2Ql PCR &S A X3ttt wepx Vibrio spp. dA € AF7HA
dH AR Fe Blactamasert EAF JhsAdol Wi AmE oW B
-lactamase geneS 7Z}X|3 A=A GolR7] 93t Vibrio spp.o] B
-lactamaseE A3 FAE A3 coning IPY. T A3} Vibrio
alginolyticus KV3 dFo|A Z|Z7t4x BHug FHo] gle B- lactamaseE
cloning 3c}. ©] B-lactamase gene class A B-lactamase?] 53 g
motifE& 7}A 3 Yt} o]E motifol= WA amino acid A 62¥1 K oA 66
Holl A+ Ser - X - X - Lys 7} =8 o]ZA2 PBP(Penicillin Binding
Protein) ¢} serine B-lactamase ¢ FQ3 EAo 2 Ld#HA A} (Jois, et al.
1991). t}go 2 122-124¥ <] 9 X|g SDN loope} 158 el ¢ X]¢F Glu X3t
class A B-lactamase®] F 83+ 5 Aot} (Joris, et al. 1991). Promoter H-$2]
10, -35 promoter= ZtZ} TATAAT, CTCAGAZ Ut} (Fig. 1). o|Ho] 8
3l B- lactamasex= A|F7FA] & Z Vibrio spp.9] B-lactamase®}= amino
acid sequence 4202 4T3 thE FHE UeIS & 5 AU T NCVs 9

B-lactamase9} Y-S FAYES & 4 UAT (Table 4, Fig. 2, 3).
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acyl-CoA thioesterase Il =

1 GTC GAC CGA TTT TTT ATC TCA CCG CTT CTT ACC ATG GTG AGG CCC 45

46 CAG GTT TTG AGC ATC AAA ACG CCA TGC CAG ACA TTC CAG GCC CTG 90

91 AGA ATT ACG CTT CTG AAT CAG AGC TTG CTG AAC AGA TAG CAG ACT 135
136 TTT TAC CAG AGG ARA TCA AAG TGG CAT TTT GTG GTG AGA AAC CCA 180
181 TTG AAA CTC GCC CTG TAA CAG TGG TAA ACC CAC TAA AAC CCC ACA 225
226 AAG AAG AAG CAA AGC AAT ATC TGT GGA TTA AGG CCA ACG GAG CCA 270
271 TGC CGG ACA ACC AAC TCA TTC ATC AAT ATC TTC TCG GCT ACG CTT 315
316 CAG ACT GGG GTT TTC TGG TCA CCG CAT TGC ATC CAC ATG GCG TAT 360
361 CAC TGA TGA CGC CTA ATT TCC AAG TCG CCA CCA TCG ACC ATT CAAR 405
406 TAT GGT TCC ATC GAC CTT TTA AGA TGG ATG AGT GGT TGC TCT ACG 450
451 TGA TTG ARA GCC CGA CGG CCA GTA ACA CGC GTG GCT TAG TAC GTG 495
496 GTG AGA TCT ATA ACC GTC AGG GTC ATC TGG TGG CTT CTG CCG TTC 540

acyl-CoA thioesterase Il stop codon

541 AGG AAG GTG TGA TGC GGT TTA CCA AAT AAC CGT TCC CAA AAA AGA 585
586 GAC CGA ATG TCA GAA TTA TGT ATA CTC TAA ACC CAT CGG GTT TAC 630
-35 -10
631 TCA GGA CAT GAC CTC AGA TTA GGA TGC AAA GCC ACG TAT AAT ATT 675
KV3 B -lactamase gene =
676 TGG CTT ATC TTA 1_\_']:‘EAAA AAT ATA CTT ATA ACT CTG ACC TGT CTC 720

1 M K N I L I T L T C L 11

Fig. 1. Nucleotide sequence of the B-lactamase and related genes from V.
alginolyticus. Possible promoter sequences (-35, -10) can be found upstream
of the start codon. Arrows indicate the direction of DNA sequencing. The
B-lactamase active site (STFK), typical calss A motif (SDN, E), and
conserved triad (RTG) are boxed. @mark is terminal hairpin following the

stop codon. The primers used to detection the gene are underlined.
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KV Foward primer>
721 TTT TTG TCG TCA CAC ACG GTT GCA GAC ACA CTC ACA CAA CAA GTC 765
12 F L S S H T \ A D T L T Q Q \% 26
766 GCT CAG TTA GAG AGT CAA TCT GGT GGT CGT CTC GGT GTC GCC GTT 810
27 A QO L E S Q S G G R L G 'vVv A \% 41
811 TTG GAT ACC CAA AAT AAT CAT CAG TGG CAA TAT CGT GGC GAT GAG 855
42 L D T Q N N H Q W Q Y R G D E 56
856 CGC TTC CCT ATG ATG AGT ACC TTT AAA GCA CTG ATG TGT GCC AGC 900
57 R F P M M 8§ T F K A L M C A 8 71
901 GCA CTC GAC CTT GCT GAC CAA AAC AAG CTT AGC TTA AAC GAC ACG 945
72 A L D L A D Q N K L s L N D T 86
946 ACC ACG ATT AAA GAA AGC GAT CTG GTG ACT TGG TCT CCG GTT ACT 990
87 T T I K E S D L v T W S P Vv T 101
991 GAA AAA TTG ATT GGT CAA GAC ATG ACA ATT CAA CAA GCT TGC GAA 1035
102 E K L I G Q D M T I Q Q A C E 116
1036 GCG ACG ATG CTG ATG AGC GAT AAC ACG GCG GCC AAT ATC GTA TTG 1080
117 A T M L M 8 DN T A A N I Vv L 131
1081 CAT CAA ATT GGC GGC CCG CAG CAA GTG ACA CAA TTT GTC CGA ACT 1125
132 H Q I G G P Q Q \Y% T Q F v R T 146
1126 CTC GAT GAT ARA GTC ACT CGC CTT GAC CGC TAT GAA CCG GAA CTG 1170
147 L D D K v T R L D R Y E P E L 161l
1171 AAT CAA GCC ACT CCA GGT GAT AAA CGC GAT ACC ACC TCT CCT CAT 1215
162 N Q A T P G D K R D T T S P H 176
1216 GCG ATG GTC ACG TCT CTC AAC ACC ATT TTG CTT CAA GAC GGG TTG 1260
177 A M v T S L N T I L L Q D G L 191
<€ KV Revers primer

1261 AGC GAA AAA AAC CAA CAG ACT CTG CTG ACT TGG ATG AAA AAC AAT 1305
192 S E K N Q Q T L L T W M K N N 206

Fig. 1. continued.
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Table 4. Amino acid identity of KV3 [-lactamase with several related

class A [3- lactamase

. CARB- CARB- CTX-M
. VHW VHH RIMD AER-1 PSE-1 TEM-1 SHV-1
fischeri 2 5 1

VHW 51

VHH 53 90

RIMD 54 79 80

AER-1 37 39 40 40

CARB-2 52 46 47 48 41

CARB-5 43 42 42 44 43 45

PSE-1 49 4 4 45 42 9 43

TEM-1 39 34 36 39 40 39 44 37

SHV-1 37 37 38 40 40 42 43 40 40

CTX-M-1 30 29 30 30 33 32 35 31 33 34

VAK-1 52 50 53 52 38 46 43 43 38 40 36
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Fig. 2. Evolutionary representation of unrooted phylogenetic tree.
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3) KV3 B-lactamase gene?| distribution

- KV3 B-lactamase geneo] &=9 o2 A2 st ojFoA T,
Vibrio spp. d&3 FxolA Z}2t Y& FF, FoloA £ & Vibrio spp.
of dul} BEFe=AE goliry] 93ty KV3 B-lactamase gened 5-0|3
o2 ZH&EsE primerE Al&3le] PCR W2 dolH it 3=, A, &
o)A 24zt 10070, 3070, 5070¢] Vibrio spp.& Bt oS Ao A}
g3ttt 2 A3 XA £8l§ 378 Vibrio spp.oll A 50] A<l PCR 4t

S 48 F JAY (Fig. 4). =3 o]E9 B-lactam FT Ao tjgk MIC gk
S vl B ZAF penicillin A7 HAAS YEH T cephalosporinsd]
E 540 e A E Yeytt (Table 5).
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Table 5. MICs of B-lactams for E. coli DH5a cells harboring recombinant

plasmid pHSG398.KV3 and environmental Vibrio spp.

MIC(ug/me) of drug

B-lactam E. coli Vibrio spp.

DH5a pHSG398 pHIi(\;;%' YVI  RVi6 JDVIl  KV3
AMP <8 <8 1024  >2048 2048 >2048  >2048
PIP <8 <8 256 2048 2048 2048 2048
AMC <4 <4 64 128 128 128 64
CPL 16 32 16 >256 128 128 128
CFR 8 16 8 64 64 64 64
CPM <1 <1 32 8 16 8 16
CED 16 8 16 32 32 32 64
FOX 4 8 8 128 128 128 128
CFX <003 <003 <003 2 05 0.25 05
CAZ 1 1 4 >16  >16 =16 =16
CFA <006 <006  <0.06 2 05 05 1
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4) SDS-PAGE and IEF

- KV3 B-lactamase geneol| th3jx| SDS-PAGE$} IEFE AA|33uY. 1 4
7} wild typedll A& B-lactamases Ad/4S AT & AAJAT KV-1 genes
cloning$t E. coli DH5a (pHSG398.KV3)oll A& B-lactamases®] &AL & F
ATt A7 B 34-35kDao| Q1T plXE 4.9-530 2 e (Fig. 5).
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4. 4 &

- Vibrio spp.9] B-lactam AE ¥a A MIC 3} B-lactamases <1 3
Btk WA FaQh gt AFE e Woje &R, a3 Aol
9] oA TCBS 3 HIXE o] &3} 1207]9] Vibrio spp.& EE Aot
agn e FFAM U8 FEHL FoIY BelA Vibrio spp.g 27
3071} 5070E SR T. Vibrio spp.ol oA ampicillin WA H &
30-98%et3. L#]& At} (Ottaviani, et al. 2001). ¥ AFAAME ampicillin
of i 80%<l WA Hl-&o] Yetgton B9 B-lactam FAAANE =&
MICE Jell= 6712l Vibrio spp.= S&AsIGct. HiB#E o 2] B
-lactamaseol] 3+ AF+= F2 Vibrio choleraed] ATFEH oA Ut} 53] v
BEQ o 3= ol Al JolA= Vibrio harveyid A ElH
VHH-1, VHW-1 gene%to] B 15 o] It} (Teo et al, 2000). Vibrio spp.ol] A
PCR¥H o2 TEM, SHV geneg F2ldtiv WHLS A|=HA2L} geneo]
ZEAE A2 E3YTh (Zanetti et al., 2000). ¥ AFAAE o] o
AQqH F=, EAA FAs oFolA £l Vibrio spp. o {lojA]
blaTEM, blaSHV geneol] otisir ==A}lsl] Hdt} SFA|TF Zanetti et al.
(2000) <} w7} A 2 Vibrio spp. °lA4 TEM, SHV gene2 3<213}A] E31Y
o} 2E)3 X3 Vibrio harveyi$} Vibrio fischeri, Vibrio parahaemolyticusol) X
2l E B-lactamase genes 71E2Z ZtZ+e] gened| et 5o]F <l primerE
A &sted Blste] AR 11 oW genek Vibrio spp.oiA FAstA] %3}
%t} (data not shown). Weti B AJto|A] ALL-E Vibrio spp.7} oH3E B
-lactamaseE Zk=A|E FRIst7] H&Al Vibrio spp. ¢ B-lactamase genes
A A A2 cloning 3l¥™. 1 A KV3 dFdA dA7A] 4H
A A & AZE B- lactamase gene©] cloning ATt (Fig. 1). KV3&
Vitek GNI+ CARDS (Biomerieux Inc.) oA Vibrio alginolyticus2 574 =]
th. Vibrio alginolyticuse % 274 d¥l BEse I¥SA UTLe=

saprophytic microbiota® ¢#x Qlt} (Carli et al., 1993). 18] T3 o F
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2 &, 7ZFol HeA4S veldta g2 A Ao (Lee, 1995 Rikelmn et
al,, 1996). =3t Vibrio alginolyticus= ampicillind] tjsiA & WAES Y
Bhdicta B3 Holx QUth (Zanetti et al, 2001; Ottaviani et al., 2001).
KV32] B-lactamase gene class A B-lactamase®] 7] =+ # 717 F
23 motife 7}A=H (Fig. 1), 2Hso) A 66We] X Ser - X - X -
Lys & PBP(Penicillin Binding Protein) ¢} serine B-lactamase®| 8.3 5
Aolt} (Jois et al., 1991). t}S2.2 122-124 ] Y X|g+ SDN loop<} 158%H
o] 9x]3F Glu E3 class A B-lactamase?] £83F EAo|t}. vpx|gto 2
VHH-1, VHW-1, 22831 Vibrio fischerio| = 226-228W¥ o] RSG7} ythil
deiA AT B AFlA %Y Blactamases| N RTG7H Y gth. @A)
7tA] &2 A B-lactamases 2003 7}A7F Ptk o] £ class Adl &3l B
-lactamaseo]| A A 1F SA o RHEFow Pol &A= TEM, SHVE}
Vibrio spp. °lA] &¥ g PB-lactamaseE NCBI (http://www.ncbi.nl
m.nih.gov) oA Zo} KV3 B- lactamase$} vlus] R kth. 1 A3} TEM,
SHVS$} z+zt 38%, 36%9] -2 amino acid identityE UElW T} (Table 4).
a8)sr w3 Vibrio spp.olA &A% o2 B-lactamase}= L identyE R
o] ZFit} (Table 4). o2 B-lactamases} Al5+E vlws] RS o KV3 B
-lactamase gene2 Vibrionaceae #}2] B-lactamase ©l —é.‘—iﬂﬂ?} Vibrio cholerae
9] B-lactamase Xt} NCVo| &3l B-lactamase} 7170w AE vt
Aetx oz HE u] NCV B-lactamase FollA %7129 geneoldl qAA
t} (Fig. 2, 3). KV3 B-lactamase gene®] promoter~= 10 5|7} TATAAT 35
7} CTCAGAE Vibrio fischeri B-lactamase gene ¥} 10 9= YX|3}A
gl 35891 TTGACTSQl Vibrio fischeri ¢ €3] &3ttt 18|31 otE
B-lactamase gene®| promoters} Hlw 3] R-& W T}E promoter sequence
E 71Ax YA} (data not shown). KV3 B-lactamase gened} ©-& Vibrio
spp-oll A1 2] B-lactamase gene-S H|aw 3l KV3 B-lactamase gened] 5-o]Z<l
primerE A &3t KV3 B-lactamase geneo] Vibrio spp.oll ¥vlu B E3}+=
2 golr gttt 20070¢] Vibrio spp. % 37§l A E-90]& <2l PCR band’} &<l
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HA} (Fig. 4). o|& TdF+ Vibrio alginolyticus®} Photobactrium damsella 2.
FAHAY. wEkA] KV3 B-lactamase gene Vibrio alginolyticusol| 9t & ) 3}
T Aol ol & Vibrio spp.ol A= ZATS & 5 AAAT ©] gene?]
EXs 1 gre AL =3 A k9. KV3 B-lactamase geneg] 93]
of AojA RV163} YV12] conjuganto] 4] 5] primerZ PCRE 39S o
o] genes &23}A E3HUTt (Fig. 4). o] Z3= ©| gene¢] chromosomalo]
U o]F Aol glE DNAJ XS dA8ky 28] 3 KV3 B-lactamase
gene ©]9]¢] T} & B-lactamase gene©] R-plasmidol] &£4]¢-8 o]m]gir}. KV3
B-lactamase geneol|A2] IEF A3} wild typeo| A<= nitrocefinol] ¥F-g-3}%] %
A KV3 B lactamase geneS cloningdt E. coliollA] insert B-lactamase
Q& F Uk o] AFH9 Aole Aol FollA gened] SAVF MR
23 1 A#fZ gene copy Fol Aol7l AAM Y2 AAE AAF
Vibrio spp. o419 B-lactam A MIC ZAi}oA 34 0] cephalosporinsg!
cefotaxime®} ceftriaxone®l] 8ug/mé ©]A2] MIC Zt-& Ho|HA] clavulanic
acidoll JA7} He= 1 TFE Zolyith ESBLo] 245 o] ESBL testZE o]
T3 Z4HY (Double disk synergy test) 22 A3 3ly=d EolF
synerism& Q187 &3ttt o] AL o] FF7} ESBLe| ofAY Z&
3 W] 9lo]A ESBL A& o] ti3& E. coliv} Kiebsiella sp. o] 2-&3}
WRjol 7l W&l Vibrio spp.ollAe th& ¥E = Wio] 8% & o
$HH  Enterobacter cloacae ¢ ESBL &+ E. coliv} Klebsiella sp. ¢ ESBL
testg <7 WHFPS|A 3lr]lx= gt} (Sturenburg, 2004; Schwaber et al.,
2004). WebA Vibrio spp. dlAe] ESBL H&Wo] gsjrxs oz A7z}
o "3t}

fr mwx o ol
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Al 2 A Edwardsiella tardaol) 2] 2] [-lactamase

FAA 24}

1. &

- o Mgl UM A WA AL plasmidet WA {F-AR] B3 A
TFE %ol Hol YA (F, 2000; Jun et al, 2004; Aoki, 1988, 1992) B
-lactam AlF AN WA FHAA g HRE Bo|] B3 Holu.
olo] B dAFoM= o]Fol] AWE Yozt 4elR Edwardsiella tardadl) X
B-lactam A¥ FFAEY MIC &S FAHs| B3 Blactam AL A
of A& RHole o8 oW AT QojA oW B-lactamases} FA) 35
1 B-lactamase®] 7|59 WEME PolR 1z ATt T OE AE I
A FA FZ4d AFE AAsEA o] o AFeXe AR} Hlm E
A szt ot

o

2. 9 % 2

i)

oW #Ee 2

- 1993 d 5-E] 2003 d71A] FafiQh it AT S YA FojFe] B
olo| A 11571 9] Edwardsiella tardaE ¥ 3P o] F 12749 FF7}
ampicillinel]] 256ug/mé ©]4<] MIC gt& Yl o). NCCLS ,1993, o] A
A WA 71E9] w2t ampicillinel] 32ug/mé ©]/3e] MIC g 7= A&
WAgos A3 B APolX Edwardsiella tarda®] ampicilline]] g WA
2 10% & B-lactams AE & thsjx FA5do] vl & A2 JER
T (Fig. 1). =3 JDE41, JDE46, CJEI0, CJE14 T3E A o)3 87 #F=
transformation®] <}&|A ampicillin WAle] E. coli DH5a2 274 3ztth
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(Table. 1). Edwardsiella tarda2] B-lactamsAlE MICo|A penicillin A¥9& &
2 MIC & YUEhAR T FE3 amoxycillin/clavulanic acidoj = 256-5124¢
/me] EL MIC &g Jel = B- lactamase inhibitord] WA-& el &=
717 el = Inhibitor resistant TEM(IRT), AmpC gene, 18] TEM-1 gene<]
hyperproduction 37}#|7} 1t} 34t cephalosporin Al GolA & w& MIC
ke YeEhda A gk cephamycinQ] dE9l 24l cefoxitino] & 50% 7} WY
AE Yeidin JJoh = oA AdY dgaAld WS MRz AR
transformantol )= RE17-& A 2|gt AA| @A ampicillin W4 geneTto]
G502 Yozt A& F & # Aut (Table. 1). Jun et al. (2004)] A+
o)A ampicillin?} tetracyclined] A& Uelf = T A tetracycline U4
2 At9] transformation ¥ F-L AA|EHt. A FAAZ tetracyclineS
AL8-351E W donor cello A tetracyclined]= W42 B X2 ampicillind]
= WAE YeEA Fdth. wEhA ampicillin LH'Q

A= tet geneo|] &
At plasmid Aol o] EAsle AL old Aoz Yy
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Edwardsiella tarda 2l ampicillin MIC

2

S
o

strain 7§ %=
N (&%)
(] (@]

10 |

1 4 16 64 256 21024
MIC

Fig. 1. Minimum Inhibitory Concentration (MIC) of ampicillin for

Edwardsiella tarda isolates from Korea.(n=115)
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Table 1. MIC of ampicillin resistant Edwardsiella tarda and transformants

to B-lactam antibiotics.

P AMP PIP AMC CPL CFA CFR CFM CAZ FOX CFD CFX

RE17 512 1024 2048 512 16 2 8 2 4 16 16 1
transformant 8 1024 32 256 32 <006 8 4 8 1 32 025
RE21 64 512 512 512 16 4 8 2 4 1 16 1
transformant 8 1024 32 256 32 <006 16 4 8 1 32 025
JDE17 512 2048 2048 512 16 2 8 2 4 1 16 2
transformant 8 1024 32 256 32 <006 8 4 8 1 32 025
JDE18 256 2048 2048 512 16 05 8 2 4 1 128 1
transformant 8 1024 32 512 32 <006 4 4 8 1 32 025
JDE20 512 1024 1024 512 16 1 8 2 4 64 16 05
transformant 8 1024 32 256 32 <006 4 4 8 1 32 025
YE1 512 2048 2048 512 16 1 8 16 4 32 16 2
transformant 8 2048 512 512 32 <006 8 8 8 1 32 025
YE2 1024 2048 2048 512 16 2 8 16 4 32 16 2
transformant 8 2048 128 256 32 <006 8 4 8 1 32 025
YE3 512 2048 2048 512 16 2 8 4 4 1 16 2
transformant 8 1024 32 256 32 006 4 4 8 1 32 05
CJE10 8 256 64 512 128 025 8 2 4 32 16 05
CJEl4 25% 512 512 512 64 2 8 2 4 6 16 2
JDE41 128 256 512 512 16 1 8 2 4 32 16 1
JDE46 512 512 512 512 16 1 8 4 4 1 16 1

E.coli DHoa <4 <8 <8 <4 16 <006 8 <1 1 4 16 <0.03

_51__



\}. Edwardsiella tarda2] B-lactamase 3¢l

- Edwardsiella tarda2] B-lactamase AL Lo}lrR 7] 98t nitrocefin test
g AAFHEY. Ampicillind]l WAE Hole XEE  Edwardsielln tardat
nitrocefin testo} A} positive A3}7} gtar welA] B-lactamase AFAdo] U
S 39 & 4 AN} (Fig. 2). oA 7A] Edwardsiella tarda®] B-lactamasel]
ek d7e AAHLZ HAJA F%e¥ @A B- lactamaseZ} 31e A0
2t AR AN (Clark et al, 1991). Wi ojH {2 B-lactamaser}
Edwardsiella tardad)] EAEAE LotR7] st 27 &4 Al A+
#<15]E blaTEM, blaSHV, blaOXA geneg Eo| primerE Al8-3te] PCR
ez ]l & Btk 2 Ax 127 49 #F F 10749A TEM #+38
o] Bo|xel PCR ME2 At (Fig 3). TEM 8 PCR &4Zo| tjgh
sequencing A3 TEM-1la®} TEM-1b7} Z+zb &<l = At} (Table 2). =3 7}
Z}o] transformanto] A= 72 B-lactamase’} QU HJUY (data not
shown). TEM gene?] promoterd]l= P3, Pa/Pb, P4, P5 = 4717 g7t o
o9 48 A Ut (Lartigue et al, 2002). ©]E promoter= promoter ]2
nucleotideZ} 3 7} WA FA7F ¥ g A0 Ao= P37} 7MA ¢St
P57k 7bg Ed promoterz %eld Utk B APoME ZF P3e] ok
Fel7l Ut 2E Edwardsiella tardao) X} SHVSE OXA gene2 &3l 3}
Z3¥ a1 (Fig. 3), =3 2709 FollAe g EE B-lactamase Wigk 5ol
Z <2l PCR AHEo] g%t} (Table 2, Fig. 3). o} ¥ B-lactamase geneo] U
A k& 2709 ampicillin WA TFE cefoxitindl = WAS Y ZmEZE
AmpC gene°l] 9J3]A] ampicillind] WS Yeldoia oA X
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Table 2. Edwardsiella tarda 2] B-lactamase$} promoter

Strain B-lactamase Promoter
E. tarda RE17 TEM-1b P3
E. tarda RE21 TEM-1b P3
E. tarda YE1 TEM-1b P3
E. tarda YE2 TEM-1b P3
E. tarda YE3 TEM-1b P3
E. tarda JDE17 TEM-1b P3
E. tarda JDE18 TEM-1b P3
E. tarda JDE20 TEM-1b pP3
E. tarda JDE41 TEM-1a P3
E. tarda JDE46 TEM-1a P3
E. tarda CJE10 ND? -
E. tarda CJE14 ND -

% not determined

No reaction result was PCR amplification for TEM, SHV, OXA B
-lactamase gene to CJE10, CJE14.
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3. 4 &

daletas ATl FAEHE @xiet WAoo B2 115749 E. tarda
oA ampicillindl] ¥ WAS Yehl= 12742 & B34t E. tardad)
Ao A ampicillin WA H&0] 10% A== uj$ YA vehded (Fig. 1) o]

AL 7(1999), Stock and Widemann (2001) o] A+ A9} FAlslet. shA|
‘%} Wi zbo] FubaolA] E2§ E. tardaol| A 2] ampcillin WAdo] 90%7} e}
dohs Radle zol7t A wo (3 5, 199). ©] Aole 1990 Ft
of wizto] dubAel A ampicilling v} T8} E. tardac] A ampicillin]
g WAdol F71 Aok ARG

33 Stock and Widemann(2001)= 7], 59, & SolA E. tardaE A
olA tge A FFA NI E. tarada®] FA| RS B e
o o]59] dAFAe] o3t E. tarada= ampicillino] 2.5%%Fo] WAAE
el gl om benzylpenicilling A g 2E B-lactam AE A 44
o] Atk Ry H

B A7 A ampicillind] WAAS Yeld= E. tardad) M el B-lactam Al E
g4 MIC g2  penicillin  ALAXE W =A  UERAT
cephalosporins A|golA& Addoez X2 MIC s Yehlidth o|A&
E. tardad| X1 2] ESBL gene o}3F ZA3}A] et AL v|siy FH 9
Blactam A7 EFT ASAT 2 F USE FAgH 28 AMCe
E& MICgE Yehdi=d o]A& IRT (Inhibitor Resistant TEM), AmpC
gene 5o YeEld & AT TEM-19] #AohgAde] g AY = Aot
(Brinas et al:, 2002). Z1&@d] IRT7} gl AmpCe F=7} doju}x] &2 E
coli DH5a¢] transformantsollA] AMC o] w3t MICZto] o WHA TEM-1
gene©] detection H= AL Z E u] E. tarda= TEM-19] It} Ade] <] 3)A
AMCd] =& MIC S YeE= A Zoh 8 donor? plasmidd]= IRT
gened}t TEM-1 geneo] Zo] Ex|sla A3 ©]F geneo] EF recipient=
AGHJE 7S 443 AT < |tk
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8] FE3F 50%2e] FFo A cefoxitinel] WA-S Hole=d o|AE& E. tarda
o Ae] ampC gened| EXE A2 & + Ut AmpC gene thH-E
chromosomald] ¢ X]8}A]%+ QF plasmid mediated ampC geneo] B
slactams A9 WA ®BE FEAVF H3 AU AW E. tarda
transformants®] cefoxitinel] ©jgt MIC k& E}E Wl E. tarda®] ampC
gene2 chromosomald] X3 Aoz AR o AFgA 12749
ampicillin WA E. tardaol] A B-lactamase geneg &<l 3l R it

A HH AYPYLZE nitrocefin testE AAISFETE 1270 9] ampicillin W4 E.
tarda E5o)| A nitrocefin test positive WHS-o] Ugith oW {3eo B
-lactamase”} E. tardaol] ESAZI=AE dolr7] st 28 A Aol 4
2] Exzo] oz <& 2 blaTEM, blaSHV, blaOXA geneol| t)dt primer
E A Z3dtd PCR W o2 E. tardao| A 2] B-lactamaseE 3}¢1 3l B¢k}
O A 12709 ampicillin WA E. tarda Fol|A 107§ <A TEM-1 geneo] &
9l ittt TEM-1 geneo] ERI¥ 107] T+ 3 87 TFo|A] transformant
7} &9l HAh oA 2 TEM-1 geneo] o]FAdo] A= plasmidel] &) 3}
£ AL ¢ £ Jdoy I oA ampicillind] WS JYeEl= E. tarda
7F 2 of whE A o] iAdTY Hlgo] F7HE & UsE d4E F
o1t}

TEM gene® promoterdl= P3, Pa/Pb, P4, P5 & 47}# Fe7} Aoz
42 Ut} (Lartigue MF et al, 2002). o] A2 promoter 92| nucleotide
7V & ) A FA W st A Ao P37F 7 oFstal PSUF ZHE
2% promoter2 4 A Jo. B AFoA E. tardad] FAH TEM-1
gened 25 P39 ¢F3l promoterE 7}A| AT TEM-1 genes 7HA+=
fEE] A Mol 9lojA P3 promoterg 7HAl& HoZ HuHolA )
t} (Brinas et al., 2002).
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Al 3 A E. tarda®] quinolner] A Aol ot
WA #FH {1329 cloningy} &

H
B

Hz Gvtel $£4d0] AFE-5H+= quinolones nalidixic acid, oxolinic
acid, norfloxacin, ciprofloxacin, ofloxacin, pefloxacing©o] $l°.w, E. tarda s
Tgste AT AW Xz AHSEHR Atk AT UM e &
ARZol ws FAA P FA B WA A e A7} 2
S AAolth B3] E tardad] obA 75Ae] Bdate BRe) mus} YA
T (A 7, 1994, 1996), quinolone AQ FAAS] WA Wik A+
Ad oj2old YA @k 2B B ATNE ST FoiF Yol
23RE 28§ E tardaZ3E quinolonese] WAL XA U4 59
A7 B FHA) T 424 4L TR gk

1994'A5-E) 20033714 -] vt ¢S] Hol2 7 B E. tards &
FAs 2bE A FA o N WATE FA A E. tarda T2 A= 6] A]
Q1 SS iAo A HAL2A AgS AT AT 16s tRNA gened] E-o] 32l
primerE o] &g PCR A3}, o] AP ES SFsle 722 FAHSA E.
tarda @9 ¥ ¥ Fd-8 2 2+ Tryptic Soy Broth (TSB, Difco)y Tryptic Soy
Agar (TSA, Difco)5 AH&-3t on] P o we} 1% NaClg H7hste] ul &3t
Atk Mol 28 E B H E. tarda T 25Tl A 16X ST &, 58 53
3}7] 938l spectrophotometer (UVIKON, KONTRON INSTRUMENTS, S.P.A,
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Milan, Italy)& ©]§3l ODswt s 78 & APl ALRSIAATE 3 APTL
B3-S Y3l TSB vl F Yol 20% glycerol (Sigma)E H7}sH & -70 Tl A B3}
At

. kA 7HAl A8 2 Nalidixic acid AT &)

E Ao A A3 FAY A= ampicillin (Am), tetracycline (TC), nalidixic acid
(Na), oxolinic acid (OA), norfloxacin (NOR), ciplofloxacin (CIP) Fo]™, 25
SigmartZ2 5B 7Yt AHES AT A w52 FAA digd A3 A==
7. (1997)o] w2} MIC (minimum inhibitory concentration) gt 2 YER S
™, broth dilution method & A}-£-3}o] &3 3} 9t}

t}. Total DNA £

TSBoj| 25C T=& 37C, 24A17F viokst ohe, vkl 15mS 3] phenol
extraction & o]-83}o] £2]3}3L UV spectrophotometer 2 260nmoj| A 3%
£ 249 02 27ke DNA 558 Jshol Aol AHgssiTh

2}. DNA gyrase subunit (gyrB, parC, parE ) gene 97] A<g &4

AP dF= A-TF F quinolonesol] 244 Hol= E. tarda GE1-& AH&3}
Rom FHAY] 97l ANE AAH2 A GAZ F3ATh HA F-AR9 gyrA]
QRDR M E-& A3, 28 th-g o] ¥ flanking sequenceE AR 0 2 A
A FA2Y G271 MES AT o) F A B o2 gyrBE 24 31
. parC FRAE gyrA ¢ QRDR 27 #g oA FAe 1L, parEe] -3}
+ parC9 5 end extensiond|A] I f|X ¢} £AE 18]1L location7} A Fgl

st WS ARSI

- K9 -



1) Primer A| 2} 2 PCR

2 A ze] AL Primere] A% Ao o] DGYR-13} DGYR-37} gyrA gene
Bt o g}t parCHE F-E8HA 8] 1< genes FA°l cloning & < U7
3l 2.1, DGYR-2, DGYR-43} DGYR-5& gyrA geneo| 2k Eo] 2 0 & 3}o gyrA
o parCE B3t BAT 5 A ST

E. tarda GE19] gryA QRDRE 213}7] ¢J3f oA R1d =8 FZ3lo
degenerate® 47§19 sense primer®} 279} antisense primer& A|Z3tSTH
(Musso et al., 1996; Okuda et al., 1999) (Table 1). 9] 2] primer (Table 1)& A}-&-3}
o E. tarda GE1 genomic DNA¢] 283+ A3}, 71t 3@ PCR AEo] A= %] ok
Rtk 2 A opueqt wjde AFAHoZHEY AFHAW oA degenerate
primer (Table 1)9}+= t2 A E. coli, Aeromonas salmonicida, Erwinia carotovora,
Klebsiella pneumoniae, Neisseria gonorrhoeae, Pasteurella multocida, Pseudomonas
aeruginosa, Serratia marcescens, Vibrio parahaemolyticus (GenBank accession
number respectively : X57174, 147978, X80798, X16817, U08817, AE006122,
129417, U56906, AB023569) ] gyrA gene®] 7}4 BEH 29jo] &7] G2 2E
ThA] 43519 o} (Table 2). -

PCRE AA3te A& PCR AHE-& vector (pCR 2.1-TOPO, Invitrogen)2
cloning 3t t}, Big dye terminator cycle DNA sequencing kit (ABI PRISM, PE
Applied Biosystems, Foster City, CA, USA)$} automatic sequencer& A}-g-3}o
71 LS oo
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Table 1. Oligonucleotide primers used in other laboratory (Musso et al., 1996;
Okuda et al., 1999)

Priner Direction Psitiors Base Seqence
VORES S GrA 4146 PaC B8 5-TAOGIAAAGAIACGTICACTYAOG3
VGRES  Sere GrA 5K 3-ANOTGNOTIGAACODANAGGOG3
VOR3S  Seree PaC B8 S-ANAGTAUTICACTIAIACGTICACTG3
VGYRES Artiserse GrA, 4119, PaC 2712 S-TAACGTIGRAGTANCGTIAGT)CAAMCGTAZ3
G-s Serse GiA 218 S-TAATTATAATGA TN CGCGGE3
GR Artierse GrA DI S-GAGTNACIGTNAG(OT)TTOOGIATAAGG3

°® The position of VGYR1-S, VGYR2-S, VGYR3-S, VGYR4-S, G1-S, G2-R
degenerate primers correspond to amino acid residues of E. coli GyrA and

ParC.
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Table 2. Oligonucleotide primers used in this study for QRDR region of gyrA

Priner Direction Positiors * Bese Sequence
DGRl S 214, 2026 pr G, 21127 3-ARGOCIANAGTAQTICAIIG3
DGR2  Sm 24,3163 3-CAAGGIODAACTIORIOT)IGS
DGR3  Aisrse 4, 56517, parC 51150 5- QAT AGAUGTOAGGTOGIAGATATG3
DGYR4  Artierse 8rd, 383 S-ACAGATOTAAGAIAGATCTTIUTICS
DGRS  Atierse 214, 1088109 5-GIiACGAQGTOACTTAAGARAQAREIG3

® The position of DGYR-1 ~ DGYR-5 degenerate primers correspond to

nucleotide sequence of E. coli gyrA and parC.
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2) QRDR 9] upstream¥} downstream & 7] A€

QRDR (parC, parE 18] 31 gyrA 2 gyrB)<] upstream} downstream sequence
T4 3}7] 93l cassette ligation-mediated PCR 7] -& o] &3} t}. o] PCRY
< @71 MES &3 e 7179 DNA §Ho 27 vz 999 |7 ME&
TH 7= Yol

il

7}) Cassette ligation-mediated PCR2] template DNA FH]

E. tarda DNA (2.54g) 8 83l 30 unitd] A FEALE A 23lHT AFaLZE
=] 2] & DNA+ ethanol2 %] AA]7] F ligation ¥+-8-& (Takara Shuzo Co., Shiga,
Japan)& #H7}slH. ligationS 9§ A]FS ZE & ligation solution I, 1544,
ligation solution II, 7.54¢, ;‘LE].T'_ DNA A AH8-H 11] SF 2o AH-SS=
cassetteZ7} 71 AT 2 F 16TColA 307 ¥H&-A]Z1 3+ ligation® nucleic
acidE TA] A L29] ethanol 20009 HAAZAT. U202 94T A 1087
heatings}a] ligaseE inactivationdt t©}-8- ©]E templateZ 3} cassette
ligation-mediated PCR-& manufacture] AjA]ol| w}z} AA|SISH T} o] Aol A
AH-8-9 A 3 & A€ EcoRl, Pstl, Sall, Xbal, Sau3A 1 o], ztz+e] A S A 47t A &
" DNA £3&< st

3) Cloning
7H Gel elution

PCR A4 EE , Pre-A-Gene DNA purification kit (Bio-Rad Laboratories,
Hercules, CA, USA)E Al-8-3} 4] agaroseZF-E 28] - A A st 4o}

1}) Cloning

._63_



A A g+ DNAE TOPO-TA Cloning Kit (Invitrogen Co., Carlsbad, CA, USA)&
A}8-39] cloning3} %t

t}) Plasmid &2

vl k5 blue/white colonies = ¢l| 4] white colony & #3}l, ampicillin 50ug/ mé ©]
7} LB brothel]l 123 5 37°C, 2447k ] ¥ & $1.5m¢-2 microtubeo]] & 7] 3
plasmid ¥ 2] kit ( Bioneer.Com)& A1 8o #2] & ¥ TE buffer 504] €%
3t A7l MBS B4 AHRSH -

1993 A X g 2003Q37+A] Fa<t, Fallet AF FA¢] marine environment
oA ®eg E. tarda & Amp, Tc 2 OAd] tiste] & WA Hl&& B FE
AL oy 4PL 531 FAT 5 A} (Jun et al,, 2004). ©] F NA WAL
Holg TFE £ 1367 F F 5208F 2 38%E UEI SR o5& NA #yt ojy
2} & quinolonesell © thoFgh A2 & B9t} (Table 4). Quinolone W4 85
o] 3lof plasmid 9} o] FAE dotr 7] s RE o A& A3} Plamid &
2] &, transformation 2 3 A A5G th 23 test® B E E. tarda= plasmid &
7} YA 2o} transformationo] = A ¢FAHy}, transformation & E&|¥
plasmid gyrA geneg 7FA 3 QUA gsith. 128 B2 quinoloned] WA o=
plasmid7} #4814 &3-S & F AN
t}ek3t sourceZ2HE] 223 E. tarda®] WA B8-S X ZF O F Table 30| R A]
=g
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Table 3. Quinolone resistant isolates in Korea

MIC:? (after | day)

Name History

NA OA NOR CIP AMP TC
RED7 1994, Yosu 2 480 2 0.31 0.08 2.5 -
REDS8 1994, Yosu 2480 I 0.31 0.08 5 -
REl 1995, Kwangju 60 0.5 0.08 0.04 10 15
RE7 1995, Pohang 2 480 4 0.31 0.08 25 -
RE8 1995, Pohang 2 480 4 0.31 0.08 10 -
LE2 1995, Namhae 2480 2 0.31 0.16 1.25 -
LE3 1995, Namhae 240 1 0.63 0.08 0.63 -
JH4 1996, Tongyoung 2480 1 0.16 0.08 2.5 -
CH1 1997, Kujedo 60 0.5 0.31 0.08 5 0.94
DHI1 1997, Kujedo 120 1 0.63 0.08 5 0.94
KY1 1997, Kujedo 240 1 0.63 0.08 5 0.94
REI12 1998, Pohang 2480 4 0.31 0.08 - -
RE23 1998, Pohang 60 0.5 0.08 0.04 2.5 30
JHY 1999, Tongyoung 2 480 2 0.16 0.08 5 -
JDEI 2000, Yosu 240 1 0.63 0.08 10 -
JDE2 2000, Yose 240 i 0.63 0.08 10 -
JDEIS 2000, Tongyoung 240 | 0.63 0.08 5 30
JDE21 2000, Tongyoung 240 0.5 0.31 0.08 5 -
JDE23 2001, Namhae 240 1 0.63 0.08 10 0.94
JDE27 2001, Namhae 240 1 1.25 0.08 10 15
JDE28 2001, Namhae 240 1 1.25 0.08 5 30
JDE29 2001, Namhae. 240 1 1.25 0.08 10 30
JDE30 2001, Namhae 240 | 1.25 0.08 5 60
JDE31 2002, Kuryoungpo 240 1 1.2§5 0.08 5 60
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Table 3. Continued

MIC: (after 1 day)

Name History

NA OA NOR CIP AMP TC
JDE32 2002, Kuryoungpo 260 2 1.25 0.31 20 60
JDE33 2002, Kuryoungpo =60 2 1.25 0.31 20 30
JDE34 2002, Kuryoungpo 260 2 1.25 0.31 10 =60
JDE36 2002, Kuryoungpo =60 4 - 0.63 20 30
JDE37 2002, Kuryoungpo 260 4 1.25 0.63 20 = 60
CJE1 2003, Jejudo 240 1 0.03 0.13 8 16
CJE2 2003, Jejudo 240 i 0.03 0.13 8 16
CIE3 2003, Jejudo 240 2 0.03 0.13 8 32
CJE4 2003, Jejudo 240 2 0.03 0.13 8 32
CJES 2003, Jejudo 240 1 0.03 0.13 8 16
CJE6 2003, Jejudo 240 2 0.03 0.13 8 16
CIE7 2003, Jejudo 240 2 0.03 0.13 8 16
CIE8 2003, Jejudo 240 2 0.03 0.13 8 8
CJE9 2003, Jejudo 240 2 0.03 0.13 8 8
CJE10 2003, Jejudo 60 ! 0.03 0.13 = 1024 512
CJE1N 2003, Jejudo 240 2 0.03 0.13 8 16
CJE12 2003, Jejudo 240 1 0.03 0.13 8 16
CJE13 2003, Jejudo = 480 2 05 0.25 8 256
CJEt4 2003, Jejudo 60 1 0.06 0.06 = 1024 256
CJEIS 2003, Jejudo 2480 2 0.5 0.25 8 256
JDE38 2003, Kujedo = 480 2 0.13 0.06 8 16
JDE39 2003, Kujedo 2 480 2 0.25 0.13 8 16
JDE40 2003, Kujedo 240 2 0.25 0.13 8 32
JDEA41 2003, Kujedo = 480 2 0.5 0.25 8 128

“ NA, nalidixic acid; OA, oxolinic acid; NOR, norfloxacin CIP,

ciprofloxacin; AMP, ampicillin; TC, tetracycline
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Table 4. Proportion of antibiotic resistant E. tarda

Target Target bacteria were Antibiotics
bacteria isolated from : TC Amp QA NA
E. tarda Total E. tarda from marine 15.7° 104 38
environments (20/127)°  ( 12/115) (52/136)
NA resistant E. tarda from 59.6 13.5 53.8° 100
marine environment (31/52) (7/52) (28/52) (136/136)

Concentration of antibiotics in TSA plate used for the isolation of
resistant bacetria: TC 16ug/ml, Amp 16ug/ml, NA 60ug/ml, QA 2 ug/ml

* percentage

® numbers of isolates

c

" all these bacteria showed more than 1 ug/ml of MIC value

_67_



L}. GyrA gene2] QRDR @7] Mg 2F

Nucleotide s=Fol|A] A%}t primer (Table 2)E ©] 83} E. tarda genomic
DNA¢] PCR %2 A A 3§ A3}E Fig. 20 Jehl Atk DGYR-18} DGYR-4¢]
primerE gyrA QRDRY| o 3j A= 623 bp, 18] 31 DGYR-1, DGYR-39] primer2
parC geneol| o34 320 bpe] PCR productg& 4-& 4= AT} gyrA geneol] Eo]
20|49 623 bp PCR AHE9] 471 MES ¥4 A5, g2 2% 34 A9
gyrA gened} vl -9 & JFAHE HAFA 002 E. tarda2] gyrA gened-& &<l
g 5 ANew, old g A} o|v] thE By B & vz} e} (Shin
et al., 2005).

g ag A AT gyrAst parC gene EFIA HE 715§ W 320 bp
PCR 4+Z& cloning3dle] €7] M E& W3l A3, clone [ oA e & 28 &4
Al 2] gyrA gened} ¢~ £ A5 A4S HAFE ¥H, clonell 9| A& parC gene
o] §- 2 A4S e At
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t}. parC, parE, gyrB geneo] 7] X g E4

Quinolone WA F Sl 014 gyrA genee] QRDR 97] NE £4 A, 5Yd
HSLE Hole #FE°] Bdd MIC & B & & & AU old s A=
quinolone A Aol thgh WA 5o Q1o gyrA gene o] 9] 9] T & {7} T
g Yeidle Ao g ddog g YA FAAE ¢8R parC, parE,
gyrB gene®] F7] A d L AT oMY ol FAAL] HolE FAstn
A} 3kt

1) parC gene2] g7] g 4

29 A3 A, parCell B3l 320 bpe] F71 LS 2T = AAH of G471 A
gE HlE O 2 cassette ligation-mediated PCRS A A3} 2., 27} upstream
o] A= EcoR I fragment, downstreamol| A& Xba I, Sal I ol &} 33}+= fragment
E 4S8 5 AT o] 23 fragmentE cloning3dlil F7] A €& B4l oy A
A parC geneS AA 3} Yt} (Fig. 3). 1607 bp, 686 bp, 2087 bp | 3} &3}= 2t} ¢]
fragmentE ¥A3 A3} E. tarda parC gene2 7017} 2] o}n| =S ¢35 313}
2106 bp<] ORFE UEH 1t} (Fig. 4). £ A9 A #7=0] parC geneol| A FF

A& #2379 5] QRDR H-9 9} gene A Al & nucleotide$} deduced amino
acid M9 2 A 2717 B18 2 AT 29 parC geneS 7} vl wak o] Azt
E. tarda®] parC geneS &5 & 4= 1At} (Table 5).

Start codon S0l 4] putative promoter % ribosome binding site, inverted
repeating sequence T3t 3¢l & 4= %o, stop codon FHZXE inverted
repeating sequence® #<¢1& 4 Ut} E. coli ParCe] Tyr-120, P. aeruginosa
ParCe¢] Tyr-127& X &3t= AAMRYTE o}v| =4t A gol E. tarda2] Tyr-98 54
o A = 27 =] 9T} (Bébéar et al, 1998; Akasaka et al, 1999).
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Table 5. Identity of the nucleotide and deduced amino acid sequence of the

parCin E. tarda compared with those in other bacterial strains

Nucleotide sequence Deduced amins acid seqrence
Organisms Accession number *
WholeparC _ ORDR Whole PaC_ QRDR
Escherichia coli M53403 133 812 70 924
Pseudomonas aerugnosa AB0D3428 682 8. 641 %93
Shigelia flexveri AED15318 72 315 747 924
Gram (-)
Vibrio parahaemolyticus ABIZ3570 629 739 633 342
Neisseria govorrhoeae 008907 369 632 45 641
Serratia marcescens AF227958 755 836 3 931
Salmonella typhimurium M68936 n9 826 742 924
Streptococcus preumoniae 267739 506 94 383 519
Gram (¥)
Mycoplasma hominis AF036961 4] 543 238 542

® The nucleotide sequence has been assigned accession number in the GenBank

EMBL database.
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32353>>

ACGTGTGACGCATCCCGCCATACATCCGACAGGCTGCCCGCRGATGRCCTGTTCTGTTTTCTCCT TAAACGGCGCCGCCCTGCRLGACGL ~270

£LLLLL

GCTGTGACAGTCGGACAAAAAATACGTTACTATCGCGGCCATTGCATGATTTTACTGCGATCGTCTGTCCTGCGGGACAGCGGCCGCEGTC ~180

PEOO2>2> LLELLL

SD
CAGAGGATGACCAATGAGCGATCTGACTCATGACAACAGTGAGCGTGAGCGCTCCATRCGTTTACTGAAGACGCCTATCTGCAATACTCC -90

[ATTACGTCATCATGGATCGCGCGTTACCCTTTATCBGCGACGRGCTGAAGCCGET TCAGCRCCRCATCRTGTATGCGATGTCTRAGCTG 90
N Yy ¥ I M 0O RALPF I 6GDGLIKPVYQRRI VY AMNGSE/L

DGYR-1 —»

GGGCTATCCGCCAGCGCAAAATTTAAAAA GTCGRUGCGCACCGT COAT GACGT GRS I ARIABIHCCACRCGTCAGCRCCTGC 180
G LSASAKFKKSARTVYGDVYLGKYHPHGY S AC

TATGAGGCBATGGTGCTGATGGCGCAGCCCTTCTCCTATCGCTATCCGCTGRTGGATGRGCAGGGRAACTGGGEGGCGCCGRACBATCCG 270
Y EAM Y LMAOQPFSVYRYPLYDGOQGNW®wWGAPTDTDSTFP

«4— PARS2-R PARS1 —»

AAATCGTTCGCGGCGATGCGTTATACCGAG &2 TGCTCAGCGAACTGGGTCAGGGCACGBTGRAC 360
KSFAAMRVTESRLSRYAEILLSELGQGTVD

PARS2 —» “+— PARSI-R -+ DGYR 3

TATGTCGCCAACTTCGA] 4CGGCGCGGRCTGCCCAACATCCTGCTGAACGRCACGACCE
Y v ANF D P ARLPNILLNGTTSG G

450

HCRBIEEREATGGCGACGRATATTCCGCCRCACAACGCGCGTGAGRTCGCGRCGGCGCTGRTRGCTCTGCTGGACAATCCGCAGAGCTCE 540
AVGMATDIPPHNAREVAAALYALLDNPQSS

CTGGACGATCTGCTGACGCACATTCAGGGGCCGRATTTCCCBACCGAGBCAGAAATCATCACGCCGCGTGACGAGATCCGTAAGATCTAC 630
L 0ODLLTHI!I QGPDTFZ®PTESZ S4WEIL6 I TPRDETILIRZEKI ¥

CGCACCGGRTCRCGBATCGRTACRCATGCGGGCGRTATGGCGCAAAGAAGAGAGCGAGATCGTGATCAGCGCGCTGCCGCATCAGACCTCE 720
R T G RGSYRMERAY WRKEETSTETLIY | SALPHIOQOTS

GGCGCCAAGGTGCTGBAGCAGATAGCCAGCCAGATGCGCGCRAGAAGCTGCTCGATGATCGACGATTTGCGCGATGAGTCGGATCATGAA 810
G A KYLEQSG ! AS OQHRARTSTCS SMHY DODLRIDETSTDHE

AACCCGACCCGTCTGGTGATCGTACCGCGCTCGAACCGAGTCGATCTCGATCAGCTGATGAATCACCTRTTCGCCACCACCGATCTGGAA 900
NP TRLVY I ¥PRSNIRYDLDOQLMNUHLTFATTDILE

PARS3 —»

AAAAGCTACCGTATCAACATGAACATGATCGGTCTGGATCRGCATCCGGCGRTGAAAGREE IGGCTGAGC 990
K §8 YR I NMNMKHIGLODRRPAY KDLR RETILSTEW®WL S

Xbal
TACCGCCGTGAGACGGTGCGTCGCCE FBEIGAAGCGCCTGCATATICTAGAGGGTCTGCTGTGCGCE 1080
'\'RRETVRRRLNVRLEKVLKRLHILEGLLCA

TTTTTGAATATCEGACGAGGTGATCCACATCATCCGCAGCGAGGATGAGCCCAAGCCGRTRCTGRTGGCACGCTTTRGCCTCAGCRATACS 1170
FLNIIDEVY T HI I RSEDEFPIKPYLY ARTFGLZSODT

Fig. 4. Continued.
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CAGGCTGAGGCGATTCTGGAGCTCAAGCTGCGTCACCTGGCCCGTCTGGAAGAGGT GAAGATCCGGRGCGAACAGGACGCGCTRGCRCAG
Q AEA Il LELSEKLRHLARLETEYIKIRGETQDALADQ

GAGCGGGATCGCCTGCAGACGCTGCTGGCCTCCGAGCGTAAGCTGGECACGCTAATCAAGGAAGAGAT CATGGCGRATGCCGAAACGTAC
ERDRLOTLLASERKLGTLI KEEI MHMADAETY

GGCGACGCACGGCRTTCGCCGCTGCAAGAGCGT TCTGAAGCGCGRGCEATGAGCGAGCACBGACTTTGTCCCGAGCGAACCGRTGACCATC
6 0D ARRSPLIOERT SE ARAMSEHDFVYPSEPYT.I

GTCCTGTCCGAAGGGGGCTGGRTGCRCAGCGCCAAGGGGCATGATATTGATCCRAGCGGGCTGAACTATAAGGCCBGCGACGCTTTCCGC
YL SEGGWVYRSAKGHDIDPSGLNYZ K AGDATFHR

GCCGCCGCBCGCGGCAAGAGCAACCAGCCGGTGRTCTTTATCGACTCCAGCGGACGCAGCTATGCCCTCGATCCGCTGACGCTGCCGTCG
A AARGKSNOQPYYF I DSSGRSY ALDPLTLPS

GCGCGCGGGCAGBATGAGCCGCTGACCBRTAAGCTGACGCCGCCRCCGRERRCAACCATCGAACACGTGCTGATGBCTGCGRACAATCAG
A4 RG6OQGEPLTGKLTPPPGATIEHYLMAADNDAT

AAGCTGCTGATGGCCTCCGACGCCGGCTATGRCTTTATCTGCACCTTTAGCGATCTGRTCGCATGCAACCGCGCAGGCAAGGCCATRETG -

K LLMASDA ASGY GFVYCTFSDLYACNRAGEKA AML

ACGCTGCCGGAAAATGCCAAGGTGCTGACGCCGCTGGAGATTAACGGTGACGATGACATGCTATTGGCCATTACCGAGGCCGGACGGATG
T LPENAKYLTPLEINGDODDAUMLLAITEH AEGRH

CTGATGTTCCCGGTGCACGATCTGCCGCAGCTCTCCAAGRGCAAGGGGAATAAGATCGTCTCCATCCCCGCRGCACAGGCCGCCBCCERT
LMFPYHDLPOLSKS® GKTE EGENIKIYSIPAAQAAAMLRGE

GAGGATACGCTGAAATGGCTGCTGGTGCTGRCGCCACAGACATCRCTGACGCTGCATGTCGGTAAGCGTAAACTGGTGATGAAGCCCGCA
EDTLEKW®WLLYLAPQTSLTLHYGKRIKTLYHMNEKTPA

1260

1350

1440

1530

1620

1710

1800

1890

1980

2070

EG.‘\TTTBCAGMGTTCCGCGCGAACGCGGGCCGGBMCCCTGCTGCCCGCBGGGGCTGCAGCBCATTGAGCGGGTGGATGTGGATG +54

G FAEYPRERTEGH?P

CGCCCGCABGTCGCTGCGTCTGBACBCCGACGRCGACRCGTAATTCCAAGRCCGCCCAGCGGCRGCCGAAGAGGRCCTGCACCGCREEEGAC +144

PE3252> £LLLLLL

CGCGCCRGRCGTRTGACCCGCTATTCTGTTTATRAGGTTATTATGCTATTCATTTTCCGGGTCATACTGATCACGCTGCTGTGTCTCGTC +234

Fig. 4. Nucleotide and deduced amino acid sequences of the E. tarda parC gene.

Potential hairpin loops upstream and downstream of the open reading frame

are indicated by the symbols > and < in inverted repeats. Nucleotide position

for the restriction enzymes (underlined) and primer (shadowed) used for the

preparation of cassette-ligated E. tarda DNA and the cloning with cassette

ligation-mediated PCR method, and start and stop codon (boxed) respectively

also shown.
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2) patE gene @7] Mg &4

parC gene?] 7] A E £ 23} parC gene?] upstreamd] parE gene2] & 7] A
& AT 5 AU olEA AAHEH FEEA G7IMES IO E cassette
lagation mediated-PCR-S A A] 3} 2.1, Pstl2] fragmentE ¥-§ 4= AU o=
© 2 cloning@} 7] ¥ B4 8} parE gened] AA| G7] HES AAH5Y
=

Complete genes #2413t A3} parE gened 6317]9] olu|=AtS 533t
1896 bpo]ORFE 7}A|a1 Jdoem 1 ¢ F9 0 putative promoter®} ribosome
binding sequenceE 13 = At} (Fig 5). ] o}n| Ak T} E FEI} vl 3l
A3} E. coli®] ParEQ}+= 77.1% 9 A5AL Byt 18]35 E. coli®} E. tarda)
GyrBot= Z+zk 17.7%, 1% A5AS Yepfido. o] Yreo| Salmonella
typhimurium, Pseudomonas aeruginosa, Bacillus subtilis Z12]31 Streptococcus
pneumoniae 2] parES}& 7242} 76.2,57.9,19.5 18] 31 208% Y A5 AAS R 9]
23l o}m| = Ake) Bl 2 E. tarda®] ParEE Bt} 338 4= 9 ) 0 v, Pseudomonas
aeruginosa©l] 41 2} Z+o] G-loop ATP-binding moiety & X 3}= N-terminal & 7]
X E 2 oluj=4t EGDSAYE 433 fAMES & 5 AR T (Bébéar et al, 1998;
Akasaka et al, 1999).
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Pstl
CTGCAGCAGACCGETGACGAAGTACTGRA T TACCGCCA GACCGT GACCTACTACACGOCATGCOGCCAGACCAT TGAAGAGEGT GRCALT

CACGCCTTCGTCGRGAT TGAGOGCTTTTTCCCGCAAATCATAGACTT T TTGRGGCT GAGCGCGGA A TAGOGCGCCACCHGCORA TACCGA

CGGGTGAETAAAGCAGGGGATGCGCT MCGGICTCC[DTG?TTTTU.‘,CATCTGATTGATAMCATCT.&CTTTTACGMTCATM@C
SHBIPIIPIH> <LLLLLLLLLK M T

GCAATCCAGCTATAACGCTGACGCCAT TGAGATGCTCAGCGGTCT TGAACCOGT GCGOCGOCGTCCGGGAA TGTATACOGA TACCACTCG
Q SSYNADAIEVYLSGLEPYRRRPGMYTDTTR

CCCCAACCATTTGGGACAGGAAGT GATCGATAACAGOGT TGATGAGGCGCT GRCOGGTCACGCGACGLGTATTGAGGTGATCCT GCACCC
PNHLGQEY I DNSYDEALAGHATRIEVY I LHP

CGATCAGT CGCTOGAGGT GA TOGA TAACGGGCGOGGGA TGCCGET 0GACA TCCACCCGGA GRA GRGOGT TCCAGCCATTGAGCTGATCCT
DQSLEYIDNGRGMWPYDIHPEEGYPAIELIL

GTGCCGCCTGCAOGCOGGREGGAAAAT TCTCCAACAAGAACT ACCAGT TTTCOGGOGGCCT GCACGGCRT GGGGATTTCAATAGTCAADGC
CRLHAGGKFSNKNYQ@FSGGELHGYGI SVYVNA

CCTGT CCCGOCGRAT OGAAGT GAGOGT ACGCCGOGA TGGOCAGA TCTATCAGA TGGCGT TTGAAAACGGTGAAAAGGTCGAGGATCT GCA
LSRRYEVYSYRRDGQ! YQMWAFENGEKYEDLH

CGTCAGCGGCACGET GRGECGECGTAA TACCGGCA CCAGCGT ACACT TCT GECCOGA TGCBCAGT TCT T TGACT COGCOCGCTTCTCGGT
Yy SGTYGRRNTGTSYHFW®PDAQFFDSARFSY

TTCGCGTCTGACOCATT TGCTGAAGGCGAAAGCGGRT GCT GTGTCCOGGOGT GRAGAT CCTGT TCCGCGA TCTGRTCAACGGCAGOGAACA
SRLTHLLKAKAYLCPGVYEILFRDLVYHNGSEH

GCGCTGGTGCTATCAGGATGGTCTGACOGACT ATCTGATUGAGT CGRT CAATGGECT GG TGACGETGCCEEATCAGCCGT TTACCGGTAC
R¥CYQDGLTDYLMESYNGLYTLPDAQPFTGT

CTTTGCCTCOGA TACOGAGGCGET 0GACT GEGCGCT BT GT GRCT GLCH:AGER0GEEGAGCT G TGACGGAGAGCTACGT TAACCTGAT
FASDTEAVYDWALLW®LPEGGELLTESY VY NL.I

4— PARS4R

ACCGACCCT GCAGRGOGGAACCCACGT TAACGGOCT GUGTCAGGGECT GCTGHATGCGA TECGTGAATEE SHE R
PTLQGGTHVNGLRQGLLDAMREFCEFFINLL

Fig. 5. Continued.
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-« PARS4R
GOGGOGT CAAGCTBLCORCOGADGACA T CT GREA G B R I L B PR AA TGCAGGATCCGCAGT TTGCOGE 995
PRGVKLTADDIWEHCA?VLSVKMDDPQFAG

GCAGACCAAAGAGCGTCTCTCCTCACGCCAATGOGCTGCCT TCGTCTCOGGRAT GRTCAAAGATGCCT TTAGCCTGTGGCTGAACCAAAA - 1085
QTKERLSSRQCAAFVYSGY VYKDAFSLWLNG N

CGTGCAGT CRECOGAGLT GCT GGCOGAGCT GACGA TAAACAGOGCOCAGDGOCGCA TGOGOGCGGCAAAGAAGG TG TECGTAAGAAGET 1175
Y QsSAELLAELAINSAUQRRMRBAAKKYYRKKIL

GACCAGOGGGECCOGCGT TACCGHEGTAAGCT GRCEGACT GCAGCGCTCAGGATCTGAACCGCACCGAGCTGT TCCTHGTCGAAGGTEATIC 1265
TSGPALPGKLADCSAQDLNRTELTFLYESGT DS

GGCGEGOGGCT CGRCTAAGCAGGCGEGOGA TCGTGAAT A TCAGGCGA TCATGLCCECTGAAGGGAAAGATOCTGAATACCTGRGAGGTCTC 1355
AGGSAKQARDREY QA ! MPLKGKI!ILNT®S®EVS

TTCOGATGAGGTGCTGGCGT CGCAGGAGETGCACGATATTTCEGTOGCTATOGGTA TOGA TCCGGACAGCGATGACCTCAGOCAGCTECG 1445
SDEVYLASQEVYHDI!I SY AI GIDPDSDDLSQLAR

CTACGGCAAAATCTGTATCCT GGCCRA TGCGGATTCGGATGGACT GCATA TCGCCACGCTGCTGTGOGCGCTGT TOGTTCGCCATTTICG . 1535
Y GK I CILADADSDGLHI! &TLLCALFVYRMHTEFHRB

CCCGCTGET GCAGGCEGGOCACGTCTATGT OGCGA TGECGECECTGT ACCGTATOGATCT OGGCAAAGAGETGT TCTACGCCCTGAGOGA 1625
PLYQAGHVYYY AMNPPLYRIDLGKEVYFYALTSE

GGAAGAGAAGGCOGGGRTGCTGGAGCAGCT GAAACGCAAGAAAGGCAAACCCAAOGTACAGCGCT TTAAAGGGCTGRGOGAGATGEALCC 1715
EEKAGYLEQLKRKIKGKPNVY QRFZKGLGEWMHNTP

GCTGCAGCTRCGTGAAACCACGCTGGATCCCAATACTCGOCGTCTGRTACAGCT GACCA T TGAGGATGAGGATATGGAGCGTACOGTTGC 1805
LRLRBRETTLDPHNTRRARLY QLT ! EDEDMMERTVY A

CGTGRTGBATATG:TGSTG}CCAAMAGZGCECU}MGATCG[EGC“.ACTGGETGJAG}AMAUSGCAATCTB}CTGAGJTEEAEET 1896
YMDODMLLAKKRAEDRRBRNU¥LQENGNLAELTDVY +

poS555
CGCATCOCGOCATACAT CCGACAGOCT GECOGCOGGTGGICTGI TCTGTTTTCT CCT TAAACGRCGCCGCCCTGCEGACGOGCTGT GAC

LLLLKLL

AGTOGGACAAAAMATACGTTACTATCGOGGCCATTGCATGATTTTACTGCGATCGT CTGT CCTGCGERACAGOGGOCGOGTCCAGAGGAT
pS555 55 <LLLLLLC

GACCAATGAGCGATCTGACTCATGACAACAGT GAGCGT GAGCGCT CCATGCGT T TACTGAAGACGCCTATCTGCAATACTCC

Fig. 5. Nucleotide and deduced amino acid sequences of the E. tarda parE gene.
Potential hairpin loops upstream and downstream of the open reading frame
are indicated by the symbols > and < in inverted repeats. Nucleotide position
for the restriction enzymes (underlined) and primer (shadowed) used for the
preparation of cassette-ligated E. tarda DNA and the cloning with cassette
ligation-mediated PCR method, and start and stop codon (boxed) respectively

also shown.
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3) gyrB gene®} A71ME EA

Nucleotide =59l A & ] gyrB2] conserved regiong ©]-83}<] |2+ & primers
(UP1, UP2R)E ©]8-3}¢] gyrBel] o34 1255 bp2] PCR productE 4& 4 U3
k. PCR 4429 471X 4¢ £A¢ A3, b8 23 34 AT gyrB gened}
parE geneol] "¢ & A EA S HAFA 22 E. tarda®] gyrB gened = &2l
g 5 AU

xR o] J7)1xd A& &, upstream and downstream sequence”} 24 3t 4o
(Fig. 6). Upstream sequence©l] 4] 922 bp 9] Pstl fragment, downstream sequence
A& digestoll A9+ 1172 bp2] Sal [ fragmentS 4-& 4= A2, cloning™}
G771 M Q B4& T3t AA| gyrB geneS AA 3T

Complete geneg #21% A3} gyrB gene> 8047) 9 o}v|:=4tg ¢35 3}e}
2415 bp2] ORFE 7}A] a1 e w 1 ¢ -9l putative promoter 2} ribosome
binding sequence& &1& 4= 1At} (Fig. 7).

E3 O g9 ofvihg vlug AF E. coli®] parESkE 74.0% 9] BEAEE
Bt 223 E. colis} E. tarda2} gyrBet= 242} 20.3%, 1% 9] 754 S YeER
). o] ¥toll Pseudomonas aeruginosa, Neisseria gonorrhoeae, Campylobacter jejuni
718) 31 Streptococcus pneumoniae parES}= 747+ 47.2,37.1,30.4 18] 1 14.9% 9] ¢
EA4L BYth o] ol b BIME E. tardad] gyrBE Bt &5 5 AN
© o, Streptococcus pneumoniaeol| A 9} o] G-loop ATP-binding moiety S £ ¢
3l N-terminal G714 <9 2 o}v]=4F EGDSA, YKGL7} 4 33] FAHES & &

2121t} (Pan and Fisher 1996).

fr

_78_






Pstl
EYEESBGGCATCAACCGCCTRCCCRTTRTGAAACAGBRCCRTCACCAGRRCATCCTGCTGCTGCAGCCAGTTTTTACCGRAGTATGCRECT

ATCCTTTTCGTTTATGCGCGGCTGGRATCGCGAAAGCGACTATRCCGCGCTGCTGGAGCGTCACTTTRAGCGCGATCGGECGCTGACCTA
TACCGCGCAGGGBCCRCACAAGGCGGACTTCCGCATCCGCGCCRACGGTACGCCGGRTTGAGEATTTGCTGTCGCGCGRGCAGCTAAAACT
GTTGATGTGCGCGCTGCGCCTCGCACAGGGAGAATACCTGACGCGCCACAGCGGCCGTCAGTGTCTGTATCTGATCGATGACTTCGCCTC
TGABCTGEATGCCAGGCGGCGCCGTTTGCTTRCCGAACGGCTGAAAGCCACCGGTGCACAGGTGTTTGTCAGCRCAGTCAACGCCGATCA
GGTCGGCGACATGATTGATGAAAAGBGCAAGATGT TCCGCGTGGAACAGGRTAAAATAGCCGTTTAGATTCGATTTATTACGATAGTTAT

SD
CCMTGBGBBAGM.‘.GGCTTCAMTACGTATGACTCCTCMGTATBMGGTATTMA.‘.GGGCTBGMGCCGTTCGTAAGCGCCCGG
M 8NTVYDSS S I KYLKSGLTDAVYRIKTERTPHE

GCATRTACATCGGGGATACCGATGATGRTACGGRTCTGCACCACATGGTGTTTGAGRTGRTGGATAACGCGATTGACGAAGCRCTCGCTG
M ¥ 1l GDTDODGTOGLHHKMYFEVY Y DNAIDEA ALASGE

GTTATTGCAAAGATATCATCGTCACCATTCACAGTGACAACTCCGTCTCCGTACAGGATGACGGCCGCGGCATCCCAACCGGCATTCACC
YCKDI 1 ¥TI1 HSDNSYSYQDDGRGI PTG I HP

CGGABGAGBGCGTCTCTGCCGCCRARGELAS I RIACGATAACTCCTATAAGGTCTCCRGCG

EEGY S AAEVY I HNTVYLHAGGKTFDIDNSYKVYSGE
4+ GYRSIA
CCTEIL B TGGAGCTGGTGATCCGTCGCGACGGCCATGTCCATGAGCAAA
LS EKLELY T RRDESGHYHETZQ.I

i

515 G ¥ 1
LHGY &Y S VY Y NA

TCTACCGACACGGTGTGCCAGCGACACCACTRAAAGTGGTTGGCGACACCGAGCAGACCGGTACTCGCGTGCGTTTCTGGCCGAGCATGE
YRHGYPAAPLKYYGDTEQTS®GTARYRFWWPSMHE

AGACCTTCAGCAATGTGGTCGAATTCCAGTATGACATTCTGGCTAAGCGCCTGCGCGAACTCTCTTTCCTGAACTCCGGCGTCTCCATCE
TFSNYVYEFOQYDI LAKRLRELZSFLNSSEY S IR

GCCTGCGCGATAAACGCAACGATCGCGAAGATCATTTCCACTATGAGGGTGGGATTAAGGCGTTTGTCGAGTATCTGAACAAGAACAAAA
LRDKRMNMDR RETDUHTFHYESGGEI KAFVYEVYLHNEKNEKT

CBCCAATCCATCCGAACGTGTTTTACTTTTCGACCATGAAGGATGATATCGGCGTAGAAGTGGCGCTGCAGTGGAACGATGGCTTCCAGG
P I HPNYFYFSTHKDDIGYEY ALOQWNEDTEGTFTIQE

AGAATATCTACTGCTTTACCAATAACATCCCGCAGCGCGACGGCGGGACCCATCTGGCCGRTTTCCGTGCGGCGATGACCCGTACGCTGA
N1 ¥YCFTHNNIPQGRDGGTHLAGFRAAMNTRTLN

ACABCTACATGGAAAACGAAGGCTATACCAAGAAGAGCAAAATCTCCGCTACCGRTGACGACGCGCGTGAGGGRCTAATTGCCRTRGTGT
SYMENEGYTIKI KT SIKI S ATGDDARETGLTI AVYYS

CCGTGAAGBTGCCRGATCCCAAGTTCTCCTCTCAGACCAAGGATAAGCTGRTCTCTTCGGAGGTGAAATCCGCCGTTGAGTCGCTRATGA
¥y K vyPDPIKFSSQTKDIKTLVYSSEVYKSAYEZ STLUMWN

Fig. 7. Continued.
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ACGAGCGTCTGGCTGAATACCTGCTAGAAAACCCCAGCGATGCCAAAATCGTCGTCGRCAAAATCATCGACGCGGCCCGCGCACGTGAAG 1150
ERLAEVYLLTEWMNPSDA ALK I Y¥Y VY GG K I I DA ARARTE A

CTGCGCGTAAGGCCCGTGAGATGACCCGCCRCAAGGGTGCGCTERATCTGGCCGRCOCTGCCGGRCAAGCTGGCGRACTGCCAGGAGCRCG 1240
AR K AREMWNT RRIKUGALTIDL ASGLPGK L ADTGCOQERTED

ACCCCGCCCACTCAGAGCTTTACTTAGTGGAAGGGRACTCCGCAGGGCGGCTCTGCCAAGCAGGGACGTAACCGTAAGAATCAGGCCATCC 1330
P A HS ELYLVY EGDGSAGSGSAKOQGQGRNRIKWNDODAIL

GYRBS1

KBGTCGCGACCCTGATCACCGCGC 1420

TGCCGCTRAAGGGGAAAATCCTCAACGTCGAGAAGGCGCGCT

PLKGTEK ILHNSTYTETK ATRTF LS SOEVYATLITG AL
GYABS2 ~ <%+ UPZR

TGGBCTG0GCA TTGROCEGaATR GCTACCACAGCATTATCATCATGACCGR

G C i 8 R D E Yy H S 1 1L I W TD

GTTGACCTTCTTCTATCGTCAGATGCCGGAAATTATCGAGCGCGGCCATGTATATATTGCTCAGCCGCCGC 1600
L TFFYROQOMPEI!'I ERGHVYY I AOQPPL

TGTACAAGGTGAAAAAAGGCAAGCAGGAGCAGTACATTAAAGACGATGAGGCGATGGATCAGTATCAGATGTCCATCGCGCTGBACGGCE 1630
Y K v K K 6 KQEQVY I KDDEAMKDOQY QM S I ALDTEG A

CCGCCCTGCATATCAACGCTGCCGCGCCCGCGLTGGCOGRTGAGCCGCTGGAAAAACTGGTGGCRGAGCATTATCAGGTGCAGAAGCTGA 1780
AL H I NAAAPALAGETPLET KTLVY AEHY OVY QKL

TCGGRTCGCATGGAGCGTCGCTATCCCAAGGCGRTGCTGAATCAGCTTATCTATCAGCCRACCCTTAGCGAAGCCGATCTGGEGAACCAGG 1870
G RMERRYPKAY LNIOQL I Y QPTLSEA ADLGNI QA

CGCAGGTTGAGCAGTGGATTAACTCGCTGGTGRCAACGCTGAACGAGAAAGAGCAGCACGBTAGCGTCTATAGCGCCCGCRTTCTGGAGA 1860
Qv EQ W I NS LVY ATULNEIKTEU QQHSGS VY Y S ARVY L EN

ATCGCGAGCRTCAGATGTTTGAGCCGCTRGTGCGCGTRCGTACCCACGGCGTGGATACCGACTACGCETTTBACTTTGACTTTGTTCACG 2050
R ERQMKMTFEPLVYRVYRTHOGY DTODVY AFODFDTFVY HGG

GCGCCBAATATCBCCGCATCTECGCGCTGRECAAAAAGCTACGCGACCTRCTGGRAAGAGAGCGCTTTCETRGAGCGTGGCRAACGTCETE 2140
A EYRRI1!1 CALGEJ KTILR RIDILILETETSAF VY ERUGERIRBRDQQ

AGCCGGTBGCCAGCTTTGkGCAGGCETTGGACTGGCTGGTbAAGG&GTCGCGTCGTGGCCTGGCCATTCAGCGCTACAAAGGGCTGGGTG 2230
P Y 4SS F EQALODUWWL VY KE S R &G L A1 QRY K GL G E

AAATGAACCCGRAGCAGCTRTGRGAAACCACCATOOATCCGGAAGGGCAGCCOTATGCTGCGCGTGACCATCAAGGATGCGGTGGOGRECG 2320
MW NP E QL WETTWMHDPETZSGRIRMLRYT I KD AVY A ATD

ATCAGCTGTTCACCACCCTGATGGERGATGLGRTAGAGCCGCGCCERGCCTTTATTGAAGAGAACGURCTTAAAGCGTCCAATCTGRACT 2410
QL FTTLMWGEGED AVY EPRRBAF LI EENASBADLIKASNLUDEF

TTTGCGCCEGATATMGTGGTTTAAAAGGGACGGAMCGTCCCTTTTTGCTGTGGGTTAATCTGC.&.CTGACC.“-GCGTGTATTGMT +35
AAGGGAGCCAATCATGCCAATTAAACTBATCGCTATCGATTTGGATGGAACGCTGCTGAACGAGGCGCGGGAAATTACACCAGCGGTBAA +175
+201

AGCCGCTATCGCTGACGCGCE

Sal b

Fig. 7. Nucleotide and deduced amino acid sequences of the E. tarda gyrB gene.
Potential hairpin loops upstream and downstream of the open reading frame
are indicated by the symbols > and < in inverted repeats. Nucleotide position
for the restriction enzymes (underlined) and primer (shadowed) used for the
preparation of cassette-ligated E. tarda DNA and the cloning with cassette
ligation-mediated PCR method, and start and stop codon(boxed) respectively

also shown.



2}. Quinolones WA E. tarda isolatesolA] YElY= QRDRYF-$9]

mutation 54 4

A& o A B2l H 52709 nalidixic acid AT F 48 & Yooz A3
Aot el A A4 H gyrA, B 2 parCand E9] §7] A €& ulgto2 QRDR € &
Hol g7l MEE EAgozN YA 53 gened| mutation 545 #4353
o A | e T 5ol A gyrAA 839 olvi o] AR Ho 2 W AL AFT
F UG (Table 6). F EE T2 833 o}n]| =4k<l serine©| arginine 2. 2 o] 7}
Yol AL & F U™ nucleotide= AGC7F AGAY CACE H3 A& 8}l
& g AUk

Az Aoz A7) $7v}tete] quinolone 7l A thE AL vlTA A=

A HAW el A o] genetic ©istol] 9J3te] o] FolA 1 e ALE F4 HERZ 1
AFAHL 24 & 5 e 5 dda Al =
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Table 6. Susceptibility to quinolones and mutations in the QRDR of gyrA genes

of E. tarda isolates

Strain Isolation MIC (ug/mé) « Mutation in gyrA
NA OA NOR CIP amino acid bace change

GEl 1994, Kujedo 2 0.13 0.03 0.008 83(Ser) AGC
RED7 1994, Yosu 2512 2 0.31 0.06 83(Ser—Arg) AGA
REI 1995, Kwangju 64 0.5 0.08 0.03 83(Ser—Arg) CAC
RE8 1995, Pohang 2512 4 031 0.06 83(Ser—Arg) AGA
LE2 1995, Namhae 2512 2 0.31 0.13 83(Ser—Arg) AGA
JH4 1996, Tongyoung 2512 1 0.16 0.06 83(Ser—Arg) AGA
KFE 1997, Gampo 64 2 0.13 0.06 83(Ser—Arg) AGA
JH9 1999, Tongyoung 2512 2 0.16 0.06 83(Ser—Arg) AGA
JDE2 2000, Yosu 256 ! 0.63 0.06 83(Ser—Arg) AGA
JDE30 2001, Naimhae 256 1 1.25 0.06 83(Ser—Arg) AGA
JDE37 2002, Kuryongpo 2512 4 1.25 1.25 83(Ser—Arg) AGA
CJEI3 2003, Jejudo =512 2 0.5 0.25 83(Ser—Arg) AGA
JDE4S 2003, Kujedo 2512 4 0.5 0.13 83(Ser—Arg) AGA

“NA, nalidixic acid; OA, oxolinic acid; NOR, norfloxacin; CIP, ciprofloxacin.
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u}, In vitro Wo]59 QRDR region® mutation 54 &4

Wild type?] E. tarda+= nalidixic acid % ciprofloxacinell & 6241 E A X W o]
SeEom 28 £ mutantE B8 5 YA}

FA A7t 2718 MH agard| A GAIEE g E FE5-2 MIC test 2 QRDR9J
Gl A Go] EAHAT ZE A& Ho|FE0] gyrAe] 871 oln|=4to] Aspa
M Gly2 9] 8ol & RIS ¢ 7 AU (Table 7).

_.84_.



Table 7. Characteristics of quinolone-selected mutants of E. tarda

MIC (ug/m) 2 Mutations
Swrain  NA oA NOR  CP OF  PEF Gyt faC - OB
83 87 58 464
Wild type 2 0.13 0.03 0.02 b - Ser Asp Ser Ser
PN-4 64 1 0.13 - 0.25 2 Ser Gly Ser -
PN-B 64 1 0.13 - 0.25 2 Ser Gly Ser -
PC1-2 64 1 05 0.13 0.5 4 Ser  Gly Ser Ser
PC1-4 64 1 0.5 0.13 0.5 4 Ser Gly Ser -
PC2-3 128 2 2 0.5 2 8 Ser  Gly Ser Ser
PC2-5 128 2 2 0.5 2 8 Ser Gly Ser -
PC3-1 128 2 2 0.5 2 8 Ser Gly Ser Trp
PC4-4 512 16 =16 8 =16 =16 Ser Gly Tle Trp
PC4-6 512 16 =16 8 =16 =16 Ser Gly Ile _
PC4-B 512 16 =16 8 =16 =16 Ser Gly Ile -
PC4-F 512 16 =16 8 =16 =16 Ser Gly Tle -

® NA, nalidixic acid; OA, oxolinic acid; NOR, norfloxacin; CIP, ciprofloxacin;
OF, ofloxacin; PEF, pefloxacin.

® Not determined.
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4. 4 2

1994~2003d7} 7] $-2jutel Aote] ofole] Wol2 e 136709 E. tarda
TFE 48 & UAAY (Table 3). ©o]EF #F F nalidixic acide] gt WA
= T aE$S 493ty quinolone WA =& MICgte =2 Jeld Ao
T2 YAl SUEE & & Aen, g quinolonesol
e g MICRS Hde & 4 AU (Table 4). =3F o]23 &
E9] plasmid #2]o] 93 transformation 4 AF}ZHE plasmide]] 23k
W4l 952 glE A% ¢ 4 AR
Quinoloned]] i3k Aol AA-g £23517] Y3l quinolone WAdo] o]
e TR sl gyrA gened] E7] NEE TR Wol AEE I
otsle EAL 9T Y SATNA gyrA gened HIW3tH AR
degenerate primer 623 bpe] &7] M E-S& ZA 3} cassette ligation-mediated
PCRZ AA] G7] MEE 2A3l o]lv] B33 u} o} (Shin et al 2005).

B dFeA ol B A3ty parC, E, HgyrB o F3AE FYdtd 2
HstE 4 Atk WA gyrA o9l parC 2] QRDROA ®io]7} #iH
Aot S5HAR GARE dFFHo g 58Sero] lleze wWolrl HFAFOFZH
parC2o| 581 ofmjit HAl WA S HAHS & F ANL, o] E. coli
o dF oA BRud ule} it

GyrB GA] ofm|ijte] ®ol7t #AHIET ol dF9 ©E FAAMT
EAHQA AL Z E. tardad| M= 464-Sero] TrpEe] wol7} Ut ol I
Al 4R @AY AdYERE FAHALH o2 Wo] EF quinolonel]
WA ASe] BARE ¢ 4+ AT AFHY mutation@ o]2le] BTl
e #elo] HA kA, parCe] 588, gyrBo] 464w 9] olu]iite] O =
2 quinolone?] WA So| FAHES o] Ao {FFT 4 UJUTh
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A 44 Tetracycline W4 S
plex PCRe] S8 UAHZR Tc AT

o
-”-%i}( /ﬂ ..E./H

F A Tetracycline (Te)Al &S] FREI o] &0 2 Teol thsf NAS
7He B& THY WAdwol ZAsHA =tk 53] Hekton et al. (1995)&
oxytetracycline (OTC), oxolinic acid (OA)% 2] ¢FF©]180~230¥ 0] Ad T =
g Adol FFRITS FAQAste] AAU 22 AT X 7S AA &Y
At $-fute] - obA AA A A A7t vl Fe Aol gy AlA e
2 & FA4 T s 4tojoll A e OTCY WA Wixol &3 A7 HohE (Ervik et al,
1994; Kerry et al., 1994; Schmit et al., 2000), 2.3]8] F<=oof] dF A o] v F
AFABEA o] F0] A 3L = 4 o] (Spanggard et al., 1993; Vaughan et al., 1996).
Chopra et al. (2001)2 T3t F7 9 tet F34 T "o & si4to]ol] LA 5o
Z Y3 & T3 Y= ¥ 54 7ol = energy-dependent efflux W43 7]} &

A tet(A), (B), (O), (D), (E) 281 (G)S0] Bo] R¥ oty Bustdr). 1aju}
o]Ze] ftet gene ZEI st o] AFoA= tet probesE A F 3}
hybridization®. 2 WA {FH2Y FHE Uste Wo] RuE AR
(Depaola et al., 1988; Marshall et al., 1983; Lee et al,, 1993), o] 2] uhH & A3
H3o] B A7kl Wol 2Bl ATE Bl AT HT B AT YN
FHutel X B2 E. tarda AN A JEPUE tet 72} o] §-2F X o] e AT
ANE E_Tl‘c'?}?\il:]— (Jun et al., 2004). 121} B-& k4] £9] 75 Ao Y= &
e G oA BANE G 29 Te 4 D 4B SN A= oju e
tet gene©] —E'c StaL A=A ol gk BAL2 opF o] F o] 2% gt B Ao A
= SFS et A S shte] F5 H sense primers} ZHzHe] tet gened)]
specific primers& A2} % single PCR¥} multiplex PCRS o] &3} 1 7+

e



23 429 Bgel AT SALS B s ek 1 @ B A o
g tet(A), (B), (), (D), (E) 22]2L (G) F 6F 9 tet geneC 2 7H 747} AL 2
ojutE 9] HE DNAE plasmide] cloningdt ¥ ©|& templatesZ A}-8-3}¢,
multiplex PCRS] 347 Wt e S84 FARGTh B8 $2] e B4
Ao 2w §7 So 9 WABENA Teo] WAL Uehs WAFY e
&, ojw] B 313k primersE ©]-&-3la] o] & WAl ZFAAL = WA wAR

types TA 2 22 ZASFI T
2. % W
7L A8 dF

Adoigtn Aty Hel v Es A4 FE sy vjAES
I o|AE GRS AFAe FF=E Escherichia coli. (E. coli) C600 R222, E.
coli HB101 pPT3, E. coli C600 pJA8122, 12|31 E. coli HB101 pBR322E &
gitol H¥e HE JFE o|&dlFHoew, E. tarda RE1Z} Aeromonas
hydrophila (A. hydrophila) HA dF< oldld] 7]&d WHOZ tet gened
cloningdt] F7Zt) 3¢ A FAd MY 35 dFdd AR F71A4 L
N B4S 92 ale], o]do] Bad tet(A)S} (E) typedt TLIAE 3
g F ZETFE o] EAh

SRREDEE

Y AN WAAERE ZALE 98] 2003 5¢ it 4o 31747}
T8 FAF X B2RH dojR FHY EF T, netd] FFHE, ule EHW
O 2HE 10cm B AAS Ztz} FHek & Z} samplesE poolZ dlo] A|EZE
AHE-SEA T old YA 4X F 23X ¢ 10¥9d OTCE AW 4%Ss Hst

o B3 v} . E gE2EL FHZ 297 FAAE AR 7]E0] QA



o).z} 239 FA A A A F 50+12ge] X3 E-E (Sebastes schlegeli) 4v}E]
9] intestined Z}7z} # 3t ¥ 7z} samplesE poolZ &ta] Alg & AL&-31H)

o WAdT 24

M

g, XA, nete] F3EE-L20.15M phosphate buffered saline (PBS, pH
72) &F&Ao = 10wy <A M3 F 34 10m-& 045um (pore size)
membrane filterol] £} A7, filterdl] 1A E M-S 1% NaCl FH7} TSAH| X
(STSA)St OTC (10ug/mt)o] H7E STSAHIA S EH% LAE=2 HYok
o] agar plateE 25?0 A 24A|ZF w ¥t § z}z}be] plated| A Z& colony:

st WA RHI=E WESZ ALedo. 2nEge sfFald FE
A% & 4 052 5me9] 0.15M PBS ¢389o] dgAA s}
Mol BE 2AE 995U wies JR=H

£ e

oX,

2. AT 54

OTC 10yg/meo] H7ba wi=]o|A z7] the A2 25 YElhd colonyE
Doz Astel A &4 ReF T colonysl FeHA 43 Gram G4,
2127 TCBS, CC, GSP 3%2] Me wixlojAe] ZAq%s el g & API
20E kite} API 20NE kit (BioMerieux sa, France)Z #F T4 3IAth

v} Primer A|2}3} cloning

Z}7] THE tet gene targetO 2 3la] PCR & A 34S ul & tet gene
templateZH-8 E5F FAF =719 amplicono] FAAE 5 UEF Zb tet
geneo] Eo°]Z&9l primers®E MACAW program (Version2.0.5, National
Center for Biotechnology Information, National Institues of Health,

Bethesda, MD, USA)-& o] &3+ tet § A} alignmentoll Al A Z}stt. A4
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X = amplicons®] o4} A7|9} primerse] Zt tet geneo| A o] $x]+= Table 1
o 71&€stRt. 2t tet gene templateZH-E] YA H amplicone Prep-A-Gene
DNA purification kit (Bio-Rad Laboratories, Hercules, CA, USA)E A}-£-3}
o Ao, JAF DNAE TOPO-TA Cloning Kit (Invitrogen Co.,
Carlsbad, CA, USA)E ©]-&3} pUCI189] cloning A]Z# Tt} Alkaline lysis
(Kado and Liu, 1981) & AF&3}o] plasmid #2]$ & TOPO-TA cloning
Al BAEO|A = EcoR1 siteg o83t Hdsted HYE @ cloning®
amplicon2 7]tigt Z7]¢] DNA fragment & A3} (Fig. 1), & A
Toll AHE-E tet gened 5| primersZ4 (Table 1) tet gened] typex &<l
st
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Table 1. Primers used in this study

Origin of the prototype  Oligo _ Primer  Product
Gene Primer sequence (5’ to 3°)  Position size
tet gene name (bp) (bp)

TAF  AATTCTGAGCACTGTCGCG  27-45
REL from E. tarda TARI ACAGCCCGTCAGGAAATT  534~517 387
TAR2 AATGCAGAATGCCAAATG  778~760 752
TBF GACAAAGATCGCATTGGTA  12~30
epy o2 from Ecoli T pRi TGAAAGCAAACGGCCTAA  318~301 171
TBR2 CCATCATGCTATTCCATCC 736~718 725
BR322 from £ cof TCF  TATCGTCCATTCCGACAGC  102~120
et(C) © om 5 €% TCR1  CGTGCAAGATTCCGAATA  778~761 631
TCR2  AACGTTTGGTGGCGGGA  820~804 719
. TDF ATATCTCCCGGAAGCGGAT  96~114
pPT3 from E. coli 484
tet(D) TDRI CCAGAGGTTTAAGCAGTGT 631~613
TDR2 GACAGTGGCCGGGATCTG 685667 390
HA from A TER  CGCACTGTGATGATGGCA  7~24
tet(E) . TER1 ATGTGTCCTGGATTCCT 393~377
hydrophila
TER2 AGCAAGTCCTTGAAACAG  795~778
TGF  GCTTGTGCCAGCAGAGCAG  96~114
©G) 1A8122 from £ coli TGRI ~ATGCCAACACCCCCGGCG — 950-933 o0
895

TGR2 CTTGTTACTGCTGACATT  990~973

tet(A)

246
789







v}, PCR3} Multiplex PCR

65 2] tet genes= cloningdt 7t plasmide E. coli HB101¢)] transformation
S A F (3, 1993), alkaline lysisH-& A}&3le] ¥, Te WA
isolates®] total nucleic acid #2]+= Cheni} Kuo (1993) Whel| uisic}l &
2|8 Ztz}e] plasmidse= 3ol poolz EF3te] Zb tfet geneS S
plasmid®} Fx7} 05ug/mé ©] HA sAY. £HE plasmids poold} total
nucleic acide YHF PCR FE+& multiplex PCRY] template2 AF2-3} AT} tet
gene?] 2l 93 UWMPCRAAYL Yoo et al. (2003)¢] wyo] wat A3
3ttt Multiplex PCRo|ME= 6% fet gene ZhZtol specificdt 67] 2]
antisense primers®} 65 2] tet geneollA] YElYE= 312 conserved H-9E
o] &3} sense primerE &3}l AlL-3}% 0.1, amplification cycle2 PCR3}
FYsA 3Tk PCR A A E-20.5ug/m EtBr (ethidium bromide)o] 71
1% agarose gel 73Xl 0.5xTAE buffer (40mM Tris-acetate, ImM EDTA)E
ol g3t A7GTL AAG F, UV (ultravioletysto] 4 UEHFE band S 2
3t FF RS FUdA

AL tet gene typed] BIX XA}

OTC7} #7+g wjA oA A& colonyE 50~1007 8% #3te] TSBe| # =
3tal 25Tl A 18~24A17F Bl e ¥ total nucleic acidE £l g &
o]l primerE ©]&3] YWPCRF multiplex PCRE 93} templateE o] &
319 9. PCR 2H&E2 0.5ug/ meEtBro] H719 1% agarose gel2 TAE bufferd]

N RAGEL AAG F tet gened] FFHE FAFYTH
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3. 24 3
7}. Multiplex PCR9] &&

Host cell WA cloning & tet FHAE 73 Zzt9] plasmidZ} Y
3t copyTE ZA dAF7] st Z} tet gene templateZHE BT A
3719 amplicone] FA 2 4 Q& primer (TAR2~TGR2) (Table 2)& ©]
23l PCRE AAsI Z42e] A E amplicon2 pucl8el cloning 3%
ot (Fig 1). AZg Z7] E]-E- tet gene & {3 6%F<9 plasmide
tansformants 25 £ 3 ¥ poolzZ 3l AlE At 281 6F 9] tet
genes o] Zt= conserved region®. 2 HE A|2@ TETFS} Z}z}e] tet geneol]
Eo]2]2l primers (TAR1, TBR1, TCR1, TDR1, TER1, TGR1)% s }=E 3}
o] 3t set9] primerE ©]-83}c] Z} fet gened] o] Ayl PCRES A%
A3, amplicon®] 7|7} tet gene?| typecll wet WE3| FHIHE, tet(A)
(387bp), tet(B) (171bp), tet(C) (631bp), tet(D) (489bp), fet(E) (246bp) L& I
tet(G) (803bp)Ql AL &AF 4 YA} (Fig. 2). &)@ plasmidE template
2 3} multi-templated] )3t multi-primere] 2%, & 652] template2} 6
F9 primerg AHE-3te] Huje] Bdd™, F 6719 47 & HolE 7HA=
amplicong A1z} stge. 21 A3 7]-7‘]' FAFSE & homologyE zt= 370
9] templateE TF3I HALHE67] AF9 templateE EF3I B$71x] ZE

AgolM F3E 5old bandg FHJE 4 Jo] £ multiplex PCRY &
A 2E8 a3 &849 JIAE plasmidE templateZ A3l B}
Qg BAF 4 A4 Fig. 3). |

U 42 FH e Te HAT vleEAD Beldd 53

Foig BN ANY ARE BAT 2H, F4F FA AFlAE



1

6.7%, AAANME 244% 12]3l netd] RAERAqME 30.7% AT ¥
g Bk 283 FAAEY BAAA, UA FAAE FoAstA @ dA
o] B vethte Al AddAe UAdd HEs 025%Hou
FAAE FoArFAge] 2B Yehve Fl Alddx e WA
MEE 283%2 et FAAY AMEF o] Fo B Al delhve W
Ao NxEs BHE FABAV JFE BAF A (Table 2).
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Table 2. Proportion of OTC resistant bacteria in marine aquatic
environment of Korea

Samples % of OTC resistant Numbers of  %of each fer gene
P isolates isolates tet(B) tet(C)
Seawater of farm 6.7 50 80 20
Sediment 244 25 96 4
Net 30.7 25 100 0
Intestine of rockfish (a) 2.83 25 100 0
Intestine of rockfish (b) 0.25 50 92 8

* Rockfish (a) : OTC treatment before 1 week of sampling

* Rockfish (b) : no antibiotics treatment before 3 months of sampling
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. Tc Aol g3k tet gene typed] EXE A}

Z}7] & Alg28E Bgd WATOZEE total nucleic acidE )3l
S o|E templateZ ©]83] multiplex PCRS AA|gto 24 Z} A58 2 RE
Uepd TellAdd2 oWt typed] tet gened o] &3l YeXE EA3H
9. FHEAE EE AlgAdA yEld TchAd dREELS  tetracycline
resistant determinantZ fet(B)E ©]83}3 A= AL AT 4 Ut o]
& A tet FHA o]&-& ThYS speciese] Te WA FATF EFAA
54U Aoz YEyt adeg FAF FHY Talld g mdEe
tetB)et (O), F 7 WA FdAE HFHA ol 83tn US5S & 5 AU
A (Fig. 4).
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4. 4 £

A vl M= E tardad] o F WMAA AFodMe AT &
stdMe 2R Harl Hol AT (He A, 1994 HF., 199%), v
FAFe FH B &Ko e FGFS T vAEANA YehE Tc AT
o] E¥e ok AxUA, TR YoM WAddEo] Ze WA /AA
type2 o] FFY tet FHA typeFolA ojud AJAAE EAHHAA 3
A o |

2 dTdMe 4zte tet FAAZFE AL =719 PCR productE A
g & A= 5olFQ primersE AZAS F Zb tet gened] RE AT FEHEH
H23 total nucleic acidE template® 3}l PCRE AA)3ta, AR
amplicon& TOPO TA vectord] cloningA]# E. coli HB101 host cell 9j]
transformationg A A8t plasmidE B35 t) o224 E2l® plasmids
& 7} tet geneoll h3}e] FAI tet genedl copy 9 FYU3E host cell 3
o 9o Y& template2 M) 4TL T + A FAh T BT ter(A),
(B), (O), (D), (B), A (G) 6% TIE fet geneQ TFF3tm Y&
plasmidsE &3+ multi templatesE ©] 83+ multiplex PCRO| A+ tet gene
67 o] gk PCR AAES Lo, A71¥F F 6719 83 bands} 3}
1}9] lanedl A vehtE AS FAastHct (Fig 3). 293 £ multiplex PCR
< & g8 d7 EopdA Hoh @A FE&HE Ued & S Aolm
2 HY Ut S804 2 A E B E AR Wi F8% d9Y A
ojty. 12y} tet(A), (B), (C), (D), (E), 18l (G)E 71 ZAzte & #F
ZHE Eg$ total nucleic acidE &3t dl}2] poolZ 3§+ F multiplex
PCRY| templateZ ©]|8&3}HE ul, tet gene?] type HE+ chromosome /
plasmid 59| locationo] W2 WA FHA}9] copys o] W &EQIX= B &
A A9k =U3F ol total nucleic acidE AFR3F 2}zHe] tet G- Ao
hal, Zd PCRAYAEo] %7 zlo]E B 374 2templatesE EFs+ 2A¢

M2 ALE 3FFY PCREAES 45 & UAR2Y 4719 templatesE

1.
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3 ASHEls EFE tet gene o FH wet AolE KA (data
not shown) Z& Depaola et al. (1993)»} Lee et al. (1993)2 3ty AT
ol A} 37} o]Ate] tet geneo] UElE A7l gt BRIIFHPOEZ, total
nucleic acidE o] &8t g9 A|Fo] 7}R|= tet gene type & ZAY3t=Hl
o} 2] 3t multiplex PCRE A3t x A3 A7} HA &S Aotk

FAF FHY HFBAAM HFE GFFT AEE BT 2, netd] F
222 (30.7%)4 Ad (244%)A 71 F2 TC AT £X & Ho F3A
on, digdde 2 Vx7t vxd 2A vekt a2ga 958 5 U}
At FAANE FAq% zFES FW AlddMe dAdTE HlxEe 283%,
FJAAE 53R e Z2yEZFL 025%9 WAT HIEE By IYAE
243 o]F7F FAAE FAstA &2 ofFel vt A Y. Kerry
et al. (1995)9] ZANAME A A A OTCol th3t YA H]-&o] 26:87% =
Vel B Ad A7e fARRE F9T 5 dNeH, g 889 27 @
Fol EA3te o7t Folxo] FAAYG BFAY FEIAAE Ao AF T
o 2Hdtte Ruds 9AFS AT 4 AUT (Pusell et al. 199). 1
2]1, XA netd] FHEZAAM AL WAT W=7t 244%, 30.7%=
Z+zt =4 JYERde AL olHd A FHY o] AT
reservoir §&S FE3| & F A& Aolgt FAHHAMUTY. EE ol T 2
= 87 & Ade A FFe getA ozt @ & YoEE ME AF
oz 1 Hl&S v oEHE = Uoh

olel ZHA] B AT B3 A F9 speciesE API20E$} 20NEE A}
g3t FARGE dx 1 FH[IL Vibrio spp. 7F 60-70% o]dE AHA AL
Enterobacter sp.$} Shewanella sp.7} 20-30% 12|31 A. hydrophila 7} <F 4-
0% Aoz uehgolt 1 SHe FUHEE ¢ AFHoln yol @
F glo] dataZ2A X3 AFIAE= &UT} (data not shown). T3 A5 7He]
F=33 AaFe AFY Aole YehA &t 2y o] Te AT E©]
o] &5 31 U= tet genedl typed tet(B)} tet(C) TN FHAOE E
G Agd ong Rld $E dodsm #4543 At 2L ol
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Vibrio spp. 7} tet(B) A AE dominantdl typeS Z AlEEH+& A3} Aol
Aot F4 Dot (Kim et al, 2007). 2331 Fv) Qe AL ¢ 3
WA Fol A B v &2 4d HJAAT A, hydrophilag & 25 tet(CQ)S o]-&
S e RS L 5 9% M2 Andersen et al. (1994)& sk A = ol A
TEd AT T 28 47 EAste tet FAAE ZAEIE dd,
tet(A), (B), (O), (D) 28l (B) 59 tY3 BE¥XE ngdn ®usig=|g
2 APM e tet(B), (O FUAT 4 o] AolE EYed 2RL o9
AQe 5 AATGS EAE et AT FHY ANEE UdeE ¢ B
AT ztolel A YEd RolAY B ¥ 79 species7t A|3HE o] ATk
AAA #d RS = Uk

HE B dAFoA = Gram SATNAM FE2 JeElUYE 659 tet gene type
of tight EAMS HASFHA T FFoe B gFdt Al7le] thddk 42
T F9 FHo2RE EEE Y Mud o vaEA7R] o]Foxok
& ZolH, Yoyt 32F oldez &ElA e thdE tet gene type B
ol gk BAo] o]FolA g F HF ATl UERE & A= A type
o] tet geneZtA = EAMEFojzjof & Ao|t}f. AEHOZ E parte] AFoA
= Z47te] 6% tet geneg FAHS A7)9] DNAZ cloningd & plasmidsE
0|83}l multiplex PCR-& A3} 6719] templates E33 Z 71X
= AFA F3HF EolF bandE AT 4 Qo] B H¥eol HFgAy)
Hy a2jx &849 JHXE BRo "WEgstA AT 5 AT FHE
7IE ol &3t ol BACAM AMPP ATF S A Ay, FAR
W oM 6.7%, HANME 244% 223 netd] EHEAXE 30.7%
of YA NIEE HFon, JAAE FA% =aEg gy Aol
WAT Hlxs 283%, FAAE FoA34A &2 2EHLE 025%2 WAL

N ore Ao

HEE Bo FYAE FAF {77 FAAE FA3MA ¥ ofFd Hlst
o =A etk 2Ed WATFAE tet(B), (O 1S 4 glo] o
ol & 7Y WA FAAN HFHA YeEigdSs ¢ = UATh
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A 5 A Vibrio spp.ol|l X&) tet
Tc WA A9 9y

L& &

HEZAL]EY WA IFE9 WA A oig 7371 ddey AT
o] Fo wet nFE HWol B HAAolH, tet gened ZHEIE 7|HL tet
probes& A28l DNA-DNA hybridizationg %39 WA FAzY &7
g gUske WHoEA, 48Tl o]y Ajzte] o] AHIFHE ©Ho
AUt (DePaola et al.,, 1988 ; Marshall et al., 1983 ; Lee et al., 1993). 3%
AAAM olF HAWE dole Aol Vibrio spp., Edwardsiella tarda,
Aeromonas hydrophillaE ¥ ©e FH AHTFEo Yon, Yoz et
genedt 22 WY FAAES A o Aol o3 JHAE Fo| ALE-3}
= ¥ RN FANE ds RLE gt o), B dFxEe o%
3 ¥4 BHOZRE tetracyclined] Whatd WAL AU e FFEL
22 & F diZFHA oY AlTFA Vibriod# HArolo] AAMTdEo] oy
gt tet genes AU JQeA FAHR A} Q. 2@ Vibriogol A B
2| ¢ tetracycline W4 121l Ex3Q EAL B4t

2. %
7l A8 dF
1993 RE 2003d9] ol2= 7|7t F<, "o, 4 2 AHAole A A

5 o]
TF S 2HHE, tetracycline WA AdS B2 & ANeH, 474 AF, &

d, AR, TP, 22 F FAS 2 AT ANE oF FAFo 2R

2
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e - v AT BT TSB 52 TSA XA SAEHAT, Ay
A1 TCBS2} Chromocult coliform agar (CC agar)E Al8-3ted FASIA.
T2 E Vibrio spp. & AW Al FollA Teo disf AFEES Jedle AL,
tetracyclineo] 10ug/mé 78 MH agarg o] &3} AdEEHQed, z o5
o] Al T2 API 20E systemol] & HF F, 37TColA 24~48A|7 il
Feol We kite] A WslE Fajo] olFHT}. Tl WF WA SEe
MICZ Yeh 1o, breakpoint 16ug/mé ©]’¢ (NCCLS, 1993)0. 2 3%t}
MIC ZA#}, 11370 2] Vibrio spp. oA Tcoll thall 16pug/mee S Ye =
3270 Tc WA Vibrio spp.& #2|& 5 At} (Table 1).
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Table 1. Tetracycline resistant Vibrio spp. isolated in Korea

Strains Source Area Year
Vibrio sp. JE1 flounder Nambhae 1993
Vibrio sp. RV2 flounder Namhae 1993
Vibrio sp. RV4 flounder Namhae 1993
Vibrio sp.. RV5 sea bass Hadong 1993
Vibrio sp. RV11 fiounder Nambhae 1993
Vibrio sp. RV16 flounder Pohang 1993
Vibrio sp. YV1 flounder Yeosu 1994
Vibrio sp. YV4 flounder Yeosu 1994
Vibrio sp. YV5 flounder Yeosu 1994
Vibrio sp. JV12 sea perch Pohang 2001
Vibrio sp. JV13 flounder Namhae 2001
Vibrio sp. JV14 mullet Yeosu 2001
Vibrio sp. JV15 sea perch Yeosu 2001
Vibrio sp. JV17 sea water Jeju 2002
Vibrio sp. JV18 flounder Jeju 2002
Vibrio sp. M1 flounder Tongyeong 2002
Vibrio sp. N2 flounder Tongyeong 2002
Vibrio sp. N3 sea water Tongyeong 2002
Vibrio sp. N4 flounder Tongyeong 2002
Vibrio sp. N5 flounder Tongyeong 2002
Vibrio sp. GV2 sea perch Geoje 2003
Vibrio sp. GV3 sea perch Geoje 2003
Vibrio sp. GV4 sea perch Geoje 2003
Vibrio sp. GV5 sea perch Geoje 2003
Vibrio sp. KT1 sea perch Geoje 2003
Vibrio sp. KT2 sea perch Geoje 2003
Vibrio sp. KT3 sea perch Geoje 2003
Vibrio sp. KT4 sea perch Geoje 2003
Vibrio sp. KTH sea perch Geoje 2003
Vibrio sp. KT6 sea perch Geoje 2003
Vibrio sp. KT7 sea perch Geoje 2003
Vibrio sp. KT8 sea perch Geoje 2003
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L}. PCR¥#} Primer A%}

>}L

B AFo A Al8-H primer setsw, fet gene % efflux 7|5 & F3q3l=
7} ribosomal protection 7]%S £33 AL AEsHY] Hsty], Zhze
7] AdzRE Solxez Ao AAgEIh WA, efflux fet gened
£3}7] 9% multiplex PCRE primer setsi= o] A9 Ao A tet(A), tet(B),
tet(C), tet(D), tet(E), tet(G)E ZAZE3I7] Y48l A&A 17§¢] forward primers}
Z} tet genedll W& oA 79 reverse primersE AMS-3IHTH (A, 2004). 1
231, TR Z efflux tet genedl tet(K)9} tet(L)e] EA FF& F<35H7]
98l A, Genbank (NCBNZX¥E, o] F7Fo| Ade EAe te(K) L
tet(L)e] g7] AES 42 ¥, MACAW program (Version 2.0.5., National

oY of

Center for Biotechnology Information, National Institutes of Health,
Bethesda, ND, USA)S& o] &3lo] Hludte] AME ThE tet geneol| AT
S1== sense primer®} antisense primerE A& stA T viIAE, 71 Ul
¥ A< ribosomal protection genedl tet(M)o] M E Hojx oz Agst
T A= primer setS A ZsFHTE B AYPAA AFS-EH tet gened HE3}H7]
A8l AHE-E primerse] H7] MEH dAEHe FF AEY IAVE USY
table 2¢f YeH S

Multiplex PCR& A 7H4, AA AU HekE Al z3249] tet gened i3] &
o]Z o 2 wWh$3l+ sense primerE ¥} antisense primerE-S 7o Wi

A A (A, 2004).
o tetM)S] £33 72 4& 9% PCR
HE2E t(M)S BAFH Fxo 2 79SS 9el7] 918, Genbank
(NCBD)o| A o8] Aol EAsE tetM)e E7] 4 2& MACAW program

S o] &3l nA{Y. tet(M)2 =ZA| conjugative transposon?] Tn916°1 A
714 A3 TnlsdselA 7188 Aoz v 4 e, v tet(M)
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2 o4 transposon©.ZHE FHSIASAE ¢7] Aste], 2429 conserved
region®. 2 2 E A2 forward primer¢l TMF$}, variable region® ZH-E
A ZHE reverse primersQ]l TMRV1, V4& o] &3}, Al 7§19 primersE FA|
of ¥ A multiplex PCRZ o {39 tet(M)JAAE LolR A} 3}
At} primerE9] sequencer T3 Zt} (Table 3).
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Table 2. Primers and expected sizes of PCR amplicons for various tet

genes
. tet . . Expected .
Primer Oligonucleotide sequence (5'-3") ) Accession No.
genes sizes
tel(A) t
1ETF O © GCGCTNTATGCGTTGATGCA

te(G)
TAR tetA) ACAGCCCGTCAGGAAATT 387bp X0006
TBR tet(B) TGAAAGCAAACGGCCTAA 171bp J01830
TCR te{C) CGTGCAAGATTCCGAATA 631bp JO1749
TDR tet(D) CCAGAGGTTTAAGCAGTGT 489bp X65876
TER teE) ATGTGTCCTGGATTCCT 246bp L06940
TGR tet(G) ATGCCAACACCCCCGGCG 303bp S52437
TKF GTAATGGTACCTGGTAAATC

tet(K) 399bp 574032
TKR CTATTACCTATTGTCGCTAC
TLF GATCGATAGTAGCCATGG

ref(L) 480bp U17153
TLR CTTCTATCAACAAGTATC
TNF GAATCTGAACAATGGGAT

tet(M) 1099bp Uu09422
TMR CTAACAATTCTGTTCCAGC

= 109 -



Table 3. Primers and expected sizes of amplicons in PCR to determine

the type of tet(M)

. Oligonucleotide sequence = Expected . Position”
Primer . Origin
(5'-3" sizes (bp)
TMF  GAATCTGAACAATGGGAT
TMRV1 CGTTTGCAGCAGAGGGAGG 534bp Tn1545 1044~1036
TMRV4 CATTCCACTTCCCAACGG 964bp 7n916 1476~1461
* Based on the sequence of Tn916(accession no. X90939) and

Tn1545(accession no.X92947).
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2}. Vibrio spp.o|l A &]&F tet(B)} tet(M)] Flz £z <l

tet(B)<} tet(M)2] A< Al £4& f13te, tet(B)} tet(M)S.2HE 7}
Z} 5 end W3O 2 3= reverse primer$l BRS1¥ MRS1, 18] 3
end Wako g &3l forward primerdl BFS13 MFS1E #|&&te], band7}
Ug 5 e 7tsAel e A99 #UFE primerg 238l PCRECZ
M 5 genertold] AAH FAE dofstarzl sttt primere] oA
A% F71MEe 53 2t} (Table 4).
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Table 4. Primers used in PCR to confirm the location of tet(B) and tet(M)

. . . Oligonucleotide sequence Position Expected
Primer  Direction .
G —3 ) (bp) size
sense in
BFS1 o) CCTTACCAATGCAACCGGTG  1019~1039
e
antisense in
BRS1 D) TGAAAGCAAACGGCCTAA 161~142
e
unknown
MFS1  Somse GTGGAGAAATCCCTGCTC  1825~1843
tet(M)
MRS1  ArHsemsedIn o ATTCCTCTCTGACG 164~148

tefM)
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3. 24

7}. Multiplex PCR 7]¥-& Z 3t efflux tet gened] HAZE

Z 327W9] Vibrio spp.¢t 16712 AU Ald 2 7]el A2 total nucleic
acidE A}ME-3}o tetracycline WA FAAY] {59} I FF/Hd dislgd FA}
sttt WA tet gene T efflux 7158 F33l= tet(A), tet(B), tet(C), tet(D),
tet(E), tet(G)oll tigh Aoz, ojde] Ao ulE efflux gened| multiplex
PCR 7]]& o]&3Adt (A, 2004). UA, A A}E-3F sense primere, &
A 7MY tet geneo] 150bp H-)2] conserved regionolX AZAEHY:, Z
gene H=Z  300~1000bpH¥-$| ] variable regiong EolHo=Z 3}s}d]
antisense primerZ AME3I{T oA AP  primersS o]&3}d
multiplex PCRE AA|3I{ & o, 2t WA FAAE dis] So]F PCR 4+
S ¢€ Aol 7+t

AY A3}, Edwardsiella tardao| X< tet(A), tet(B), 8|3 tet(D) F°l,
Aeromonas hydrophilad| = tet(C)7} ZAEHQH, Morganella morganii o A
+ tet(D), Enterobacter cloacae®} Shewanella sp.o|X+= tet(B)7} HAEZHE 5,
FW AT 2 71E Algoxe AT Zo wet ot efflux tet geneol &
A &4 £ U}k wkA, B E Vibrio spp.olA= PCR A3} thgk 200bpoi
ZH3= band9HS Qe 5 A=, F A 719 efflux tet gene F9|
A tet(B)7 d=H o2 @ol EAsIAH. Fig. 12 F 487]9 dF FolA,
AU AT F 8 FFek, Vibrio spp.Foll 67019 T8 FEAAZ A s
multiplex PCR3F ZA3o|t}t. lane 1~69]Xx=. 2z}t tet(A) (387bp), tet(D)
(489bp), tet(C) (631bp) 123 tet(B) (171bp)Y] bandE<L FHAET 4 YAL
™, lane 9~149 X tet(B) (171bp)¢] band7} 2% uUelytth. Lane 77} 89
Streptococcus sp. T E Tc WAL EA3AA T, AA 719 efflux gene
ZF o Ax ASHA FRon, 74719 tet geneo| Wdl multiplex PCR
31x] 921 gdEoZ PCR & wolx §Y3 274E 4L 5 Jdoh
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w. Vibrio spp. W19 tet(B)&} tet(M)9] &5

strol A - EE Vibrio spp.dlA= tet(B)$} tet(M)o] &4 &2
gtie] PCR= Felsii7] 9sl, tet(B)E HAEst=F wA<le TETF-TBR1
(5-CTTCTATCA  -ACAAGTATC-3) sets}, tetM)S AHAEs7] %
TME-TMR primer&-S ©] 835t PrimerE9] 2z} tet genedl] gk E-o]AlS
s K7 f8f, tet(B)qt (lane 1~3) Z-& tet(M)9+ (lane 4)°] HEHUY
553 &7 PCRa|A Vibrio spp. (lane 5~10)¢] PCR ZA}t¢} vlma] KWt
}.

PCR] Z7} Fig. 2] e} Yot lane 1~3¢]A4 = TETFS} TBR1o|
595bp 9] tet(B)Z, lane 4941 TMF$} TMRo] 1099bpe] tet(M)S TSl
< AT £ YL, lane 5~1001X € tet(B)S} tet(M)e] band7} FAlo] 1}
Elg o 24, Vibrio spp.ol 5 geneo]l AL Solxgow Feld F+ UA
o}.
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. tet(M)e] EA4H 72 EA
1) tet(M)e] @7] Hd B

PCR A#ZE tet(M)2] &7} & E Streptococcus sp. CJV233} Vibrio spp.
9] total nucleic acidsE FHOZ 3}, tet(M)S Eo|Ho 2 HET = A=
2 A" TMF-TMR primer set® 2 PCRE A&, FZE AES A
3}y TOPO-TA vectord] cloningAlZl &, G714 E& EA43{. Xad v}
o] 9J&}H, tet(M)2 conjugative transposon?]l Tn916 22 Tnl5459] £ X]3}
22 (Barbeyrac &, 1996), Genbank (NCBI)ZX-E Tn916%}ol] EA)sle
tetM)Z  Tnl1545%6] ZA e fet(M)e] F7|HAe 23, MACAW
program= ©|-835}l  Streptococcus sp. CJV23 @ Vibrio spp. % 3tu<l
Vibrio damsela RV169] tet(M)S] A G718 8l wstgo)

tet(M)9] structural gene WjolA9] vl A3}, Tn9169] tet(M)3} Tn15452]
tet(M) Atololl= 94.8%<] &AL YEMSUT. Streptococcus sp. CJV239]
tet(M)-2 Tn9162] tet(M)3}, Vibrio damsela RV169] tet(M)2 Tnl15459] tet(M)
B AR © FASIRLH, FFAAL 47 993%SF 99.7%0l At 1l
3, RV163} CJv23E& v sl S W, 944% A XA

2) tetM)9] type +

W7IMBY A4S 53, I EHA tet(M)°] Tn9167 Tnl545 F
o]® transposonol| Al 7] 'J tetM)RJAAE FF3] & = AT 28, 3§
F 874 T At B ATEd SAste tetM)S EF FUIME
A7 A - 7511]34%1 oy go] erz, W PCREH %
typeo] tet(M)S ES| R 112} ST

ol Hsll, F 7FA typed tet(M)e] conserved regiono]A forward
primer¢l TMFE A|#}3}al, variable regiono)|A] reverse primerQ]l TMRV],
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TMRV4E 7}z} ZEZ 89 A7|7} 534bp, 964bpE T2 A AEHEE AF
3ty (Fig. 3), Al 70¢] primerE $H7®o] ¥i PCRE AHASHTH PCR &
3}, lane 19] Streptococcus sp. CJV232> TMRV4$} HH-&-31of 964bpe| band7},
Vibrio spp. £ TMRV1# 4¥H-8-8}o] 534bp<] band7} THEZ T} ol H7]
ANE A A3l Yo, el PCREA oW transposonO. 2 H-E
g AJA, tetM)] 719-& F53= o] 73U (Fig. 4).
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3) tet(B)S} tet(M) Atolel d7] AR BA

e 2.9kbe] PCR B4 E5 AA|staL, cloningsle H7] MEE& B4
genbank (NCBI)S| 9714 @t vlwstgich. 24 A, telB)} tefM)s] A

© 2,536bpith. Vibrio spp.9] tet(B)o] RFE-L, Tnl09] tet(B)o] RAF-&3}
100% YA|8tA . Tnl0d = insertion sequence$! 1S109] transposon®] right
end9} left endo] AMZ inverted repeating® oJA &3}, transposong] t}
€ & W9 insertiond] #HH 7|eE FREIT g7 HE EBAeZ,
Vibrio spp.9] tet(B)&} tet(M) Alelo] IS10-right7} Slg-o] FFAHSAh 1S10
ARB o7 14bpe] ATE F1, tet(M)e] leader peptides} tet(M)o] E
DNA X2d] ZAstQth (Fig. 5, 6).
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GCACTTTATGCGTTAATGCAGGTTATCTTTGCTCCTTGGCTTGGAAAAATGTCTGACCGATTTGGTCGGCGCCCAGTGCTGTTGTTGTCATTAATAGGCG 100
CATCGCTGGATTACTTATTGCTGGCTTTTTCAAGTGCGCTTTGGATGCTGTATTTAGGCCGT TTGCTTTCAGGGATCACAGGAGCTACTGGGGCTGTCGC 200
GGCATCGGTCATTGCCGATACCACCTCAGCTTCTCAACGCGTGAAGTGGTTCGGTTGGTTAGGGGCAAGTTTTGGGCTTGGTTTAATAGCGGGGCCTATT 300
ATTGGTGGTTTTGCAGGAGAGATTTCACCGCATAGTCCCTTTTTTATCGCTGCGTTGCTAAATATTGTCACTTTCCTTGTGGTTATGTTTTGGTTCCGTG 400
AAACCAAAAATACACGTGATAATACAGATACCGAAGTAGGGGTTGAGACGCAATCGAATTCGGTATACATCACTTTATTTAAAACGATGCCCATTTTGTT 500
GATTATTTATTTTTCAGCGCAATTGATAGGCCAAATTCCCGCAACGGTGTGGGTGCTATTTACCGAAAATCGTTTTGGATGGAATAGCATGATGGTTGGC 600
TTTTCATTAGCGGGTCTTGGTCTTTTACACTCAGTATTCCAAGCCTTTGTGGCAGGAAGAATAGCCACTAAATGGGGCGAAAAAACGGCAGTACTGCTCG 700
AATTTATTGCAGATAGTAGTGCATTTGCCTTTTTAGCGTTTATATCTGAAGGTTGGTTAGATTTCCCTGTTTTAATTTTATTGGCTGGTGGTGGGATCGC 800
TTTACCTGCATTACAGGGAGTGATGTCTATCCAAACAAAGAGTCATGAGCAAGGTGCTTTACAGGGATTATTGGTGAGCCTTACCAATGCAACCGGTGTT 900
ATTGGCCCATTACTGTTTACTGTTATTTATAATCATTCACTACCAATTTGGGATGGCTGGATTTGGATTATTGGTTTAGCGTTTTACTGTATTATTATCC 1000
TGCTATCGATGACCTTCATGTTAACCCCTCAAGCTCAGGGGAGTAAACAGGAGACAAGTGCTTAGTTATTTCGTCACCAAATGATGTTATTCCGCGAAAT 1100
ATAATGACCCTCTTGATAACCCAAGAGGGCATTTTTTACGATAAAGAAGATTTAGCTTCAAATAAAACCTATCTATTTTATTTATCTTTCAAGCTCAATA 1200
AAAAGCCGCGGTAAATAGCAATAAATTGGCCTTTTTTATCGGCAAGCTCTTTTAGGGTTTTCGCATGTATTGCGATATGCATAAACCAGCCATTGAGTAA 1300
GTTTTTAAGCACATCATCATCATAAGCTTTAAGTTGGTTCTCTTGGATCAATTTGCTGACAATGGCGTTTACCTTACCAGTAATGTATTCAAGGCTAATT 1400
TTTTCAAGTTCATTCCAACCAATGATAGGCATCACTTCTTGGATAGGGATAAGGT TTTTATTATTATCAATAATATAATCAAGATAATGTTCAAATATAC 1500
TTTCTAAGGCAGACCAACCATTTGTTAAATCAGTTTTTGTTGTGATGTAGGCATCAATCATAATTAATTGCTGCTTATAACAGGCACTGAGTAATTGTTT 1600
TTTATTTTTAAAGTGATGATAAAAGGCACCTTTGGTCACCAACGCTTTTCCCGAGATCTCATCTATTGAAACAGCTTGATAGCCTTTTTCAACAAACAAT 1700
ATTCGTGCTGAGTTAACCAGTGATTGATAGGTACTCTTAAAATTTTCTTGTTGATGATTTTTATTTTCCATGATAGATTTAAAATAACATACCGTCAGTA 1800
TGTTTATGGTATCATGATGATGTGGTCGTGACAATCTTAAGAACATTTAGGTTATTTTATGTATATTGAACAGCATTCTCGCTATCAAAATAAAGCTAAT 1900
AACATCCAATTAAGATATGATGATAAGCAGTTTCATACAACGGTTATCAAAGATGTTCTATTATGGATTGAACATAATTTAGATCAGTCTTTACTGCTTG 2000
ATGATGTGGCGAATAAAGCGGGTTATACCAAGTGGTATTTTCAGCGGCTGTTCAAAAAAGTAACAGGGGTCACACTGGCTAGCTATATTCGTGCTCGTCG 2100
TTTGACGAAAGCGGCTGTTGAGTTGAGGTTGACGAAAAAAACTATCCTTGAGATCGCATTAAAATATCAATTTGATTCCCAACAATCTTTTACACGTCGA 2200
TTTAAGTACATTTTTAAGGTTACACCAAGTTATTATCGGCGGAATAAATTATGGGAATTGGAGGCAATGCACTGAGAGATCCCCTCATAATTTCCCCAAA 2300
GCGTAACCATGTGTGAATAAATTTTGAGCTAGTAGGGTTGCAGCCACGAGTAAGTCTTCCCTTGGTATTGTGTAGCCAGAATGCCGCAAAACTTCCATGC 2400
CTAAGCGAACTGTTGAGAGTACGTTTCGATTTCTGACTGTGTTAGCCTGGAAGTGCTTGTCCCAACCTTGTTTCTGAGCATGAACGCCCGTAAGCCAACA 2500
TGTTAGTTGAAGCATCAGGGCGATTAGCAGCATGATATCAAAACGCTCTGAGCTGCTCGTTCGGCTATGGCGTAGGCCTAGTCCGTAGGCAGGACTTTTG 2600
AAGTCTCGGAAGGTTTCTTCAATCTGCATTCGCTTCGAATAGATATTAACAAGTTGTTTGGGTGTTCGAATTTCAACAGGTAAGTTAGTTGCTAGAACCC 2700
ATGGCTCCTTTGCCGACGCTGAGTAGATTTTAGGTGACGGGTGGTGACAATGAGTCCGTGTCGAGCGCTGATTTTTTCGGCCTTTAGAGCGAGATTTATA 2800
CAATAGAATTTGGCATGAGATTGGATTGCTTTTAGTCAGCCTCTTATAGCCTAAAGTCTTTGAGTGACTAGATGACATATCATGTAAGTTGCTGATAGGT 2900
TTCCAGTTTTCCGCTCCTAGGTCTGCATATTGTACTTTTCCTCTTACTCGACTTAACCAGTACCAACCCAGCTTCTCAACGGATTTATACCATGGCACTT 3000
TAAAGCCAGCATCACTGACAATGAGCGGTGTGGTGTTACTCGGTAGAATGCTCGCAAGGTCGGCTAGAAATTGGTCATGAGCTTTCTTTGAACATTGCTC 3100
TGAAAGCGGGAACGCTTTCTCATAAAGAGTAACAGAACGACCGTGTAGTGCGACTGAAGCTCGCAATACCATAAGTCGTTTTTGCTCACGAATATCAGAC 3200
CAGTCAACAAGTACAATGGGCATCGTATTGCCCGAACAGATAAAGCTAGCATGCCAACGGTATACAGCGAGTCGCTCTTTGTGGAGGTGACGATTACCTA 3300
ACAATCGGTCGATTCGTTTGATGTTATGTTTTGTTCTCGCTTTGGTTGGCAGGTTACGGCCAAGT TCGGTAAGAGTGAGAGTTTTACAGTCAAGTAATGC 3400
GTGGCAAGCCAACGTTAAGCTGTTGAGTCGTTTTAAGTGTAATTCGGGGCAGAATTGGTAAAGAGAGTCGTGTAAAATATCGAGTTCGCACATCTTGTGT 3500
CTGATTATTGATTTTTCGCGAAACCATTTGATCGTATGACAAGATGTGTATCCACCTTAACTTAATGATTTTTACCAAATCATTAGGGGATTCATCAGTG 3600
CTTTGTATGCTTTGTATGCTTTGTATGCCTATGGTTATGCATAAAAATCCCAGTGATAAGAGTATTTATCACTGGGATTTTTATGCCCTTTTGGGCTTTT 3700
GAATGGAGGAAAATCACATGAAAATTATTAATATTGGAGTTTTAGCTCATGTTGATGCGGGAAAAACTACCTTAACAGAAAGCTTATTATATAACAGTGG 3800
AGCGATTACAGAATTAGGAAGCGTGGACAGAGGTACAACGAAAACGGATAATACGCTTTTAGAACGTCAGAGAGGAATTACAATTCAGACGGCGATAACC 3900
TCTTTTCAGTGGAAAAATACTAAGATAAACATCATAGACACGCCAGGACATATGGATTTTTTAGCAGAAGTATATCGTTCATTATCAGTATTAGATGGGG 4000

Fig. 6. Full nucleotide sequence of between tet(B) and tet(M).
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CAATTCTACTGATTTCTGCAAAAGATGGCGTACAAGCACAAACTCGTATATTGT TTCATGCACTTAGGAAAATAGGTATTCCCACAATCTTTTTTATCAA 4100
TAAGATTGACCAAAATGGAAT TGATTTATCAACGGT TTATCAGGATATTAAAGAGAAACT TTCTGCGGAAATTGTAATCAAACAGAAGGTAGAACTGCAT 4200
CCTAATATGOGTGTAATGAACTTTACCGAATCTGAACAATGGGATATGGTAATAGAAGGAAATGAT TACCTTTTGGAGAAATATACGTCTGGGAAATTAT 4300
TGGAAGCATTAGAACTCGAACAAGAGGAAAGCATAAGATT TCATAATTGT TCCCTGT TCCCTGTTTATCACGGAAGTGCAAAAAACAATATAGGGATTGA 4400
TAACCTTATAGAAGTGATTACGAATAAATTTTATTCATCAACACATCGAGGTCAGTCTGAACTTTGCGGAAAAGT TTTCAAAATTGAGTATTCGGAAAAA 4500
AGACAGCGTCTTGCATATATACGTCTTTATAGTGGCGTACTGCATTTGCGAGAT TOGGTTAGAATATOGGAAAAGGAAAAAATAAAAATTACAGAAATGT 4600
ATACTTCAATAAATGGTGAATTATGTAAAATCGATAAGGCTTATTCCGGGGAAATTGT TATTTTGCAGAATGAGT TTTTGAAGT TAAATAGTGTTCTTGG 4700
AGATACAAAGCTATTGCCACAGAGAGAGAGAATTGAAAATCCOCTCCCTCTGCTGCAAACGGCTGT TGAACCGAGCAAACCTCAACAAAGGGAAATGTTA 4800
CTTGATGCACTTTTAGAAATCTCOGACAGTGACCCGCTTCTGOGATATTATGTGGATTCTGOGACACATGAAATCATACTTTCTTTCTTAGGGARAGTAC 4900
AAATGGAAGTGACTTGTGCTCTGCTGCAAGAAAAGTATCATGTGGAGATAGAAATAAAAGAGCCTACAGTCATTTATATGGAAAGACCGT TAAAAAAAGC 5000
AGAGTATACCATTCACATCGAAGTTCCACCGAATCCTTTCTGGGCTTCCATTGGTCTATCTGTAGCACCGCTTCCATTAGGGAGCGGAGTACAGTATGAG 5100
AGCTCGGTTTCTCTTGGATACTTAAATCAATCGTTTCAAAATGCAGTTATGGAGGGGATACGCTATGGCTGTGAACAAGGATTGTATGGTTGGAATGTGA 5200
CGGACTGTAAAATCTGTTTTAAGTATGGCTTATACTATAGCCCTGTTAGTACCCCAGGAGATTTTCGGATGCTTGCTCCTATTGTATTGGAACAAGTCTT 5300
AARAAAAGCTGGAACAGAATTGT TAGAGCCATATCTTAGT TTTAAAATTTATGCGOCACAGGAATATCTTTCACGAGCATACAACGATGCTCCTAAATAT 5400
TGTGOGAACATCGTAGACACTCAATTGAAAAATAATGAGGTCATTCTTAGTGGAGAAATCCCTGCTCGGTGTATTCAAGAATATCGTAGTGATTTAACTT 5500
CCTTTACAAATGGACGTAGTGTTTGTTTAACAGAGT TAMAGGGTACCATGTTACTACCGGTGAACCTGT TTGCCAGCCCCGTCGTCCAAATAGTCGGAT 5600
AGATAAAGTACGATATATGT TCAATAAAATAACTTAGTGTATTTTATGTTGT TATATAAATATGGTTTCTTGTTAAATAAGATGAAATATTTTTTAATAA 5700
AGATTTGAATTAAAGTGTAAAGGAGGAGATAGTTATTATAAACTACAAGTGGATATTGTGTCC 5763

Fig. 6. Continued.
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4) Tc-resistant Vibrio spp. oAl Y= tet-FAx}e] 247 EA BA

gh=ol A Bl ® F24 Teresistant Vibrio spp. 5 227]E multidrug
resistant (fet(B) and tet(M) type)d< &<l & 4 At 53] Tnls545-like
o} Aol Jo A JUE EM resistant EFE 1AL JYE AE 9
o3 7F 2 HJo Yy erm(A), (B), (C) resistance genes F o]:=AE ol&
elemento] 5o]&Ql PCRE AHASIS%E positiver} YEN}ZR] @kgtom
(Leener &, 2004, Martel & 2005) Tn15459] transposon 7]%5& UelA 3}
oAFE int-Tn gene EJF L7 =X gt} (Kim et al. ,2004). 281} 374
o] control #F OA$} Tcol WAL YelN = Streptococcus sp., EM and
Tc-resistant strains, SJ14 3} 48% tet(S), erm(B)EL J}Xz SIHE
Tc-resistant o]} EM-sensitive ¢l CJ strain 2 tet(S)thAlol] tet(M)S 7} X} 3L
AR FAlo) int-Tn genek® positive2 JE}GTE T ThE Tnl545-like 9}
#Ado] Jota EEHA Ae WA FHAE aphA3 Z 4] kanamycin W 4] o]
de Ao Y Hi Jou £ dAFdAMY VibriedlXe 2a HZA

al

IS kanamycinol| I sensitive 3} T} (Table 5).
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Table 5. Tetracycline resistant Vibrio spp. and reference strains used in

this study (has been published in DAO, 2007)

Susceptibility to :
: 1 ht-Tn erm
Strain Source Area Year Tetracycline “ Remark
(ro/nl) gene  gene  gene
Tc Mino OA ER PE CM KM

JEI flounder Namhae 1993 128 8 R R R R S B M - -

RVS sea bass Hadong 1993 64 8 S R R S S B.M . -

RV11 flounder Namhae 1993 64 16 S S S S 3 BM - -

RV16 flounder Pohang 1993 64 8 S S R S S B.M - -

vi floundesr Yeosu 1994 128 16 S R R S S B,M - -

Yv4 flounder Yeosu 1994 64 16 R R R S S B M - -

YVS flounder Yeosu 1994 128 kY] S R R s S B.M - -

vi2 seaperch Pohang 2001 64 8 S R R S S B,M - -

Jvi3 flounder Namhae 200t 64 8 R S R S S B,M - -

vi4 mullet Yeosu 2001 64 8 S S R S S B.M - - Vibrio

Ivis sea perch Yeosu 2001 128 16 R ] R S ] BM - isolates

Ivi7 sea water Jeju 2002 64 16 5 S R s s B,M -

Jvig flounder Jeju 2002 128 16 S S R R S BM - -

M1 flounder Tongyeong 2002 64 32 R R R s S B.M - -

M3 sea water Tongyeong 2002 64 32 S S S s S B.M - -

M4 flounder Tongyeong 2002 64 32 R R R s s BM - -

GV2 sea perch Geoje 2003 64 16 R s R S S B.M - -

Gv3 seaperch Geoje 2003 64 8 s s R R S BM - -

KT1 red seabream Geoje 203 256 16 s S R K] s B.M - -

KT2 seaperch Geoje 2003 256 16 S S R s S B M - -

KT4 1ed seabream Geoje 2003 256 16 s S R S s B,M - -

KTS sea perch Geoje 2003 64 32 R R R S s BM - -

KT? seaperch Geoje 2003 64 32 R S R S S BM - -

C35 flounder Pohang 2003 64 8 S S R S S B - -
Swrepococcusspp.CI flounder  Jeju 004 64 8 R s s s s M + - efeaence
Streptococcus spp.SJ14  flounder Tongyeong 2003 64 8 R R S ] ] s - B o etV
Streptococcus spp. 43 flounder Gijang 2005 64 8 R R S s s s - B anderm(B)

Bdwardsiella tarda RE1 A reference
Escherichia coli C600 R222 B for et gores
Escherichia coli HB101 pBR322 [ Cunet sl
Escherichia coli HB101 pPT3 D 2004
Aeromonas hydrophia HA E
Bscherichia coli C600 pJA8122 G
* Vibrio alginolyticus : YV1,IV12,JV18

¥ibrio vulnificus :KT1, KT2

Photobacterium damselae - JE1, RV5, RV16, YV5, JV13, IVI5, M1, GV2

Unidentified strains : RV11, YV¥4,1V14,IV17, M3, M4, GV3, KT4, KT5, KT7
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A ZAE 93he, 1993\l A 20030 ol2= 7]zt B¢ 4, @l
ZF 2 HoZEEH oY Ags EHsAT. 2 AdE T M
A8t Vibrio spp.© %ol AFAstaL o, oAt kA= 7
k73 ofste] 9%t 2Ed A 241 stellA AWE op/|® F Ue Hd
35 AY Algoltd (Berg, 1995). o]ejdt Vibrio spp.ole V. cholerae, V.
vulnificus, V. parahaemolyticus, V. mimicus, V. furmissii, V. hollisae, V.

T B2 TR EAE deoH, HFFEH oF
£ HES FEHFFTEY E¥olu WFE A7l H=S FAHI¥T (Zanetti et
al., 2001).

Sto] A 8759 fet geneo] BXEE PCR 7|HoZ ZAAINH7] S,
s 2 ERE, $do ZA tetracyclined] WAL UElE 3229 Vibrio
spp-&F 16%9] Wl AMTE F23tHc). Efflux geneQl tet(A), tet(B), tet(C),
tet(D), tet(E) 22]3 tet(G)L 7HAE3H7] 913 multiplex PCR ¥ ol <ls] £z
TFES H2ES 27, Y AlddXe s 79 tet geneo] FEHIJC
u}, Vibrio spp.olde AA 7R tet gene 5 tet(B) who] YERTE E tet(K),
tet(L) R tetM)oll gk So}& U primerg AHE3t 22 dFES AL 2
I, AR Al FolA tet(K)o} tetM)E Ad dol 2tz 13548 ASHUD, =

=

damsela, V. alginolyticus

th webd SFeA] BHd" RE Vibrio spp.ollAe, tet(B) FA tet(M)o]
tetracycline WA QIAIZA EAdTE AL 4 & UYth F /A 288
tetM) Sl Tn9163} Tnl5452] tetM)e] F7] A ¥l conserved region¥} variable
region® 2RE ZEZNES F77} d2iE AP primerES o] 831
multiplex PCRE AA|& A3, =] #4 &A40A 28 EE Vibrio sp.=
Tn154500 A {28 tet(M)S AY L AAUS0] FAHATE §H4, AT 3
gl v A%, TroleezRe] FHlE M Aux Agem, Vibrio
spp.¢} CJV23¢] tet(M)e] B7] A EL At RarElo] §lE Tnls45 2 Tn9lé
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o] tetM)Z} vl st Th

Tet(B)9} tet(M)oll Al A|ZE primers-S 23ste], DNA AdolA F 212
Wk Ao we} PCRE] FF 4AHEo] AAEHESR s, tet(B)oF tet(M)S] A
Al A e golRnA} stk 1 A, tet(B)del 3 primers} tet(M)
9] b primerd] 93} FFAHEo] AAHICW, B4 A, tet(M)2 tet(B)<]
37 end9= 2536bp HoJX Ao HA|EIL AN, tet(B)E EFstL U=
Tn102] vl Hel] YAt AUk B AFAA =, Vibrio spp.olA, efflux
geneQl tet(B)9} ribosomal protection gene?l tet(M)o] FAld]l EAFTS BHA
=, tet(B)&} tetM)o] F Al SAZTE o]F e Bue giRen, ol¢ F
AVSHAl Acinetobacter baumanniiE Ad dFZ ALE-3HH-E o, efflux geneo]
3l tet(A)S} tetM)o] A EAFT= BHavl YA (Riberta et al.,
2003).

- 128 -



F2 @A B AT Ao XNEE S5t fEivdAMe B
< &9 AT AHEEHO A e, BTy A2 LA AF ofF
AW LA o] Fgtel wet AL AR HESFTE J2F S FAd Ao
3 A gd A dig AT S8l &4 RN M &
Az Jelda JqF (Smith et al, 1994). 21 F 53] tetracycline (Tc)2 3
He] GAEAZA 4 el de AH-HT e dEFQA FAA Y
oFE 9] TR Algo 2 dle Teo] dist AT HE7 F718Ner,
tet FrHAHEC] A BF EE ofF9 FY AddME Bol HuEHUY. &
A v B siAte] A o] Ted WA Hl&d tisixs wH]
SHAl ZAMZE o] FojAqd ot AT A 2 5F tet FAAZ A% YA
Azl Aolof digt ZALE APHT YA X3 ARtk & AFAME +
)yt dako]o] A AT Ee] dFs FA4A N disl o= Bxo A H]
&5 HoleA gdstaa styoem ol FH tet FHATE BEEH 3l
A BAE A stk 2 A FHoly QEOCZRE FYEHA &
oje= Lol A AEE UolA Teol tigh A W& WA F3
X0 dsirz £4& AAlsa-

EFE B wged dig FFE de] ZAE HA ol B AAF<Q
ZAreE #Y7F AAIHI Q1A ZstBg old tig A npde FoAo F
e ok meEtq 2 ddAe Y8 #o] AU AldolA EXdte
A oz FAA g A 2 HAE 7847 54 vax A 2AAE
Rt

dt
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2. % ¥

7}. Sampling

Z9 g7 Y ZRE &g IS ¥ T4 0585 5Smeel 0.15M PBS ¢
&) FYgAA FARA 1088 SA 4T F 34 HS 045m
(pore size) membrane filterol] FHA|AH 1A H oW, filtero] FH AT
S 1% NaCl 7} TSAH| A ¢} tetracycline (16ug/mé)e] H71=E 1% NaCl 3
7} TSA¥iAS] 8% F-AHES Q). o] agar plateS 25TollA 24413t
g F Z+zbe] platedl A A& colonysE Fste] W4 WxEE WEE
2 AWSAT 99 $7 Arols Yrel FE Ten 499 2% @
Aol tfstelME AT wHos 49 AN

L}. Antibiotic resistance test
Ampicillin  (Am), Chloramphenicol (Cm), Oxolinic acid (OA),
Tetracycline (Tc), Streptomycin (St), Sulfadiazine (SF) & AM&-3ste <FA] 7
4 A9e ANSgom, 488 AL BT sigmadl A 7] AHE
Eaii=g

T} PCR test

Tc (30ug/me)7F H71E vjR|o|A A colonyE 507§ B %= FH3te TSBo
HES F 25TCoA 18~24A17F v gstac) sigdo 2 HE £ ¥ whole
cell.& multiplex PCRE- 9|3+ template2 o]&F o] FH T} (Jun et. al., 2004).
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3. 23t gl 2&

o] 3L FAAE FA FHo] Y Tty YolFoEHEH
2 29EZ Y& AREE g TCBS, CC AHujAE o]-&g A Al
BY BEXoA F Al 48~68%, 10~33%= Ztz} Vibrionaceae,
Enterobacteriaceae A/ Q2 Qx| t). o]F Tc, Am, Cm, OA, St, SFo| o3&}
& Vibrionaceae= 46%, 48%, 33%, 8%, 23%, 53%, Enterobacteriaceae= 10%,
22%, 3%, 8%, 15%, 5%2] WA Hl&& B FUA} (Table 1). Tc 30ug/mlo]
A7tE ST wiR 258 T2 Zeg 50709 WAddo] 7HA L A= tet
AAE Zzt A% A3} tet(A)9} tet(B)7} 20%, 60% 2 tet(B)7} major
type 22 FRAEHAUTH (Table 2). o]2|gt A= F AldoA =2 &8 W
T2 Hola Ted sy E 46%< WA HSE JeE = Vibrionaceae 7
Qo] FFo 93t & 9L Hke Aoz FAEHt}E Marine environment
oA AT tet FAA RS vlm X376t FEZE FIste
) AldE (Entlact) CCHI R E o] &3l AE3IY ). Ent-lact T2 tet(A)
T 227 major2 EA5E A2 FAHUT. FejvtgA] 2ARE Te U]
d HlEolY tet FAA FEE Y A5 vlasty] Hste Folu o

2o 2 RE £YB sHitolE o] &8t 53 Z#x ?ﬁ" AA1eAth Terzk
H7HE ST iR A F=9 B 3~31%E O¢d WA H&S HEd
o YELE 33~55%9 WA HlE&ES yEh FAuehd S5 His) ta
& AF%S Yeio Fig. 1). WA FAAe EXE s E A
tet(B)o} tet(A)e]l HFHo] U Uty Beoe 28 FTFL tet(B),
tet(C), tet(D), tet(K)E 71Al= A2 EL tet(B), tet(C), tet(D)s ol X3}
T A2 Ygisto} (Table 3) 59 YA #AEdAE 5 &l H
L23}c}.

a8 FYE Bl AW AFdA vede F4AA WA Hl&o] Table
4 o) ERTh Teo A% $eetlA AT wa wael A ATl
oF 39%9] WA BlEo] YEsth ol Wit (7%)S A3 A7ME 48%, T

o
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= 58%, B 87%, A=ulAlol 88%E UERE FYUE @A AW AT
WA Hl&d dlE] ta ¥ St Hi=, AZulA]oto A 87%2t 88%<
=S TclA vl&o] Yehd vt F33 ArtEA s st Bls] o
10% 3% ¥ WASFA7E debgth =3 3 AldedA vevs Te WA
vl &o] T2 A WA vl HE] oA F3th Ampicillin (amp)e] 7
< oyt A 20%, A7FEAA 21%, EjZolA 56%, <lEud]A]o}ollA
41%, F= 32%7F FA HAow A3 tinte X 4% *e WA X7}
vebgth A3 gl e 7 32 X9 g vlEo] veged, o
2 Ugo] JdojME A FH oz Teol Hla] e A HlEo] #AHUT
Erythromycine] z} uehd A Hl&2 Axulrot (78%)% T (41%)E
A gy 27l A Savet 19%, A7FE 17%, B 21%, o9k 6% =
A Jelgth ¥HH Oxolinic acid Z$-dl€ =3 AT ujA]olo| A o A3
83%9} 88% ¥ WA HlE £/t 9 Hiew LAV AME, F
M= 48%, 39%, D 49%2] WAl H]-&o] YEIRT
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Table 1. Percentages of antimicrobial resistance detected among the total
bacteria and within Vibrionaceae and Enterobacteriaceae isolates in marine

fishes of Korea

Strain (%) % Resistance
Te Am Cm OA St SF

Fish species

Flounder
(Paralichthys olivaceus) Vibrionaceae (48) 40 57 37 10 26 64
Enterobacteriaceae (33) 14 18 2 7 11 5

Rockfish
(Sebastes schlegeli) Vibrionaceae (68) 5239 29 6 20 42

Enterobacteriaceae (10) 6 26 4 9 19 5

Tc; tetracycline, Am; ampicillin, Cm;, chloramphenicol, OA; oxolinic acid, St;streptomycin,

SF; sulfadiazine
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Table 2. Distribution of tet genes in the isolates from marine fishes of

Korea
_ No. of % tet genes (No.)
Strain
Isolates retA tetB tetD tetE

Vibrionaceae 30 0 100 30) O 0
Enterobacteriaceae 13 76 (10) 0O 0 15 (2)
Unidentified 7 0 0 28(2) O
Total 50
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Table 3. Distribution of tet genes in heterogenous Tc resistance isolates

from marine fishes of Korea, China and Japan

Korea China Japan
et genes .

(150%) - (150) (150)
tet B 69 (103) 47 (70) 34 (51
tet C 0 4 (6) 19 (29)
tetD 21 31 27 (40) 29 (43)
tet K 0 5 8 0
ND 10 (16) 17 (26) 18 27)

" : numbers of isolates analyzed, ND=not detected

- 136 -



Table 4. Resistance of the intestinal isolates to different antimicrobial

agents (%)

Korea Singapore Thailand Taiwan Indonesia China
[TSA (Tc 10 #g/ml) /TSA] 38 48 87 7 88 58
TcR-Ent-lac+ 41 61 46 34 96 56
[TSA (Amp 30 #8/ml) /TSA] 20 21 56 4 41 32
AmpR-Ent-lac+ 28 28 36 24 31 35
[TSA (Ery 15 #&/ml) /TSA] 19 17 21 6 79 41
ErvR-Ent-lac+ 18 38 19 19 32 63
[TSA (OA2 #8/mi) /TSA] 48 39 83 g 88 49
OAR-Ent-lac+ 48 68 72 86 89 38

TcR-Ent-Lac+ were screened on the CC and CC agar plate contained 10 #8T¢/mi for total intestinal
bacteria and lactose fermenting Enterobacteria (Ent-lac*) isolates respectively.
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I =
H 4 & Aqjgk sExEME S ZEEoho| 9
7109
= % Al E- -8 gAaE
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