J. Korean Fish. Soc. 35(2), 115~121 g3, 35(2), 115~121, 2002

MZF conjugation 2HE SE% R plasmid &5 {HAZ2
=

Holoh SAT AT HE 24

& KB . ZIOE[*. Qe SH* - KB
RAUS - HEY - 228[*- o|gsH* - Mo
ST A, TR Aol

Application of a New Conjugation Method to Fish Pathogenic
Bacteria Containing R Plasmid for the Analysis of
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To develop a new method of conjugation and to determine the distribution of R plasimds, we isolated multi-drug resistant strains
from fish pathogenic bacteria in the farms of south and east seacoasts of Korea. Out of the 134 isolates examined, 10 showed
resistance to chloramphenicol, tetracycline, streptomycin, ampicillin, colistin, nalidixic acid, oxolinic acid and kanamycin. One out of
10 multi-drug resistance bacteria, Vibrio damsela JE1 (V. damsela JE1), contained transferable R plasmid of chloramphenicol-
tetracycline resistance genes and other nucleic acids encoding ampicillin and kanamycin resistance. The presence of the R plasmid
was confirmed by conjugation using the chromocult medium (CC) as a selective and differential medium for transconjugants with
identification based on the growth or colors of the colonies. The frequency of R plasmid transfer with filter mating method was come
out much higher than that of broth mating method and appeared to be dependent upon the mating time and temperature. The
optimum conditions for filter mating method were found to be 30C and 24 hrs as mating temperature and period, respectively.
Moreover, donor cells with R plasmid, both isolate and standard bacteria, were shown to have an ability to transfer the plasmid
against Escherichia coli K-12 HB101 (E. coli HB101) and Edwardsiella tarda (E. tarda) RE14 at fairly high frequencies. Finally,
we isolated 3 isolates of Sphingomonas sp., carrying R plasmid from 12 multi-drug resistant bacteria in normal microflora of the
flounder (Paralichthys olivaceus) group used for the isolation of V. damsela JE1 four months before. The same size and gene transfer
charateristics of R plasimds with those of V. damsela JE1 confirmed that normal microflora have the reservoir activity for R plasmid
in natural aquatic environment.
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2 3o AN kA WA AAES BREAHT olgF R

plasmid®] 93 WA HEE ¥A) Aeromonas salmonicida (Aoki

G A gAAAEL Tt ddME AR 2 d
T7} olFolA AWAg AR o 4% FA EAAA ¢
FHo 4y AHEHI e ¥, olRE YHLE & dFE o
Az uu g gejolrt, AT AzE WA & ojFAY @
Aol FFsL Jlow, od me} A AR NET HAz F7)
FAlol glo] g Aol it AT £8L ¢4 RN EA
Moz YFEHI AUt} Bell et al. (1988)F Smith (1994)2 %A
X s oA A g3 JATY £8& Hudy
on Stamm et al. (1989) = FdAd =&He Ao AFE
2+ A Yo MIC (minimum inhibitory concentration) g
o] Fvlete AL FAF Y & ATl A LA Sle Vib-
rio parahaemolyticus SAXAE M2 AT 80 EIHY
3 (Twiddy and Reilly, 1994), Takashima et al. (1985)& R plas-
midol &3t #7 AT Yo ojF ATz AGEL
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et al,, 1972), Aeromonas hydrophila (Akashi and Aoki, 1986),
Edwardsiella tarda (Aoki and Kitao, 1981), Pasteurella piscicida
2 Vibrio anguillarum (Aoki et al, 1974) 59 o8 oF 34
HaAdA AP dS-E 44 ¢ F sl 23 YA
E4E 9% conjugation AFANA o] ddA e djst WA KA
A& F#T R plasmid® 54 @& donor MTol 7HAL 3l
ARe 543 WAL JellE recipient® AMg3lojobit trans-
conjugant® ¥IY 4 v BT Bo] AT 4 gk 3¥
d o] AL HA3}7] Y8tY MacConkey 1A 5& AMS-3t
7|% (Aurora et al, 1992) dHoy 2 ¥H%E s 34 Woe
S AFHogct THe F2AE AFA ALd AFuASo
FH4 AN B AWATEY A8 F47 p-D-galactosi-
dase$} p-D-glucurondase 59 EAEAS o] &3] T2 de] B
o] $-&4x]o] A3 9t} &3] AT T2 48 2 4 (Tumer
et al,, 2000; Byamukama et al,, 2000; Ogden et al., 1998) ) =%
AdFelgte Rel FHEHAA SUe chromocult (CC) ¥A



116 _ﬂ_u]

(Merck, Germany)E conjugation 24914 recipient, donor 28
I transconjugant cell®] T &&3te] oJfF AW FA AT
WAazxgd g B FAZHY JEE FEE F Qg ofe
o ou) e 7IEd Ao F £ Y& Aol

Jgez 2 dFdMse CcC A¥MAE ©)43F transconju-
gant®] ¥ MEE FHEF] WolZRH F¥ AT
% R plasmidZ & 455 A3 o] 50| Ze YAEAZY
S48 AF g A8 TE AAFFLeH, B4 FAEAR
oA oJF9 FUAFe] YElE R plasmid reservoir2A4 9 9
o] ¥ 24L& dA S

ERRTE

1. 48 #F

R plasmid (% 200kb)E 43 EE FF< Escherichia coli
pJAPES232E Ao o319 5 (Table 1) BelZFE 19934
FE 19997 A g5 gt FaEt FAF ] HelzRH
€ Beste A A& ATt (Table 3). T €3 2 F
FEOZE tryptic soy broth (TSB, Difco)Yt tryptic soy agar
(TSA, Difco) € AH&-8ATh. E. coli TFE 37CoAA 1642, B
olzxng # AF TFT 25CAA 16212t 9 %7 F spectro-
photometer (Kontron instruments, USA)E ©] €34 ODgwdt 2
T FFE AL AP AL = 4UFE BE
& 98 kol 25% glycerol (Sigma)S H7Ig F —70Td
BHEFHA QA Aol AHEatgt.

Table 1. Bacteria used in this study
Bacterial strain Resistance marker

Escherichia coli K-12 HB101 Sm*
Edwardsiella tarda RE14 -

L . T Cm" |
Escherichia coli pJAPES232 Km' Sa* Sm*

Abbreviation: Sm, streptomycin; Tc, tetracycline; Cm, chloram-
phenicol; Km, kanamycin; Sa, sulfonamide.

Remarks

recipient cell
transferable
R plasmid

2. X LH AE

A 59 FTA) A B8 IZE broth FAHE AHE
8o 238920 minimum inhibitory concentration (MIC)%
oz Yelhd (Kim and Aoki, 1993). #7A= ampicillin
(Am), chloramphenicol (Cm), tetracycline (Tc), kanamycin
(Km), colistin (CD, nalidixic acid (Na), oxolinic acid (Oa), no-
rfloxacin (Nf)€ SigmaAl (USA)ZHH T3t AH&stget o
A 96 wells plated] BF ¥ TSBE 160uL, 24 52 3AE &
ZAE 204, TSBo 107 cel/mLE FEGAIZ F4E 204 B
i, FANZTL TSB 180 i} A dF 2048 B2, &
AZTZL TSBT 200 uL FAh 25Col A 18412 wjk ¥ AT
9 FAd g AA wA THEE FFHY AT AgA
%c 749 AA F=E MIC ¢o2 R At

c
loi
oxl
MN
a3
o

recipient cell

3. Conjugation

Conjugation® &3 R plasmid®) 891 Aurora et al. (1992)}
Bale et al. (1988)¢] & $A3te] AT RecipientZ2€
E. coli HB1013} 23j2te] YA Wol2 e E& & E. tarda RE14
£ AHgsen 79 F4& A% 2= #7379 25CE A
&3

1) Broth mating

Donor$} recipient T35 34 #l%3 F, 2mL TSB 8= 9|
donor & (20X 10" cell/mL) %} recipient &5 (2.0X10° cell/mL)
& EHsbY, 25, 30, 37CAA 2, 6, 24X T v F3H 1 F
exd AtEE EF YE 2FE 94 439 Cm (10 pg/
mL)°] &8 CC agar plate (Merck, Germany) o] %31, o}
&4 transconjugant® A3 ALV EE 27] donor cellF
o th3t transconjugant®] FZH ALsHl,

2) Filter mating

Donor cell® recipient cell& 27 1.0X10° cell/mLe] HEF
E338te, 022 um T4 membrane filter (Millipore Corp, Bed-
ford, Mass) ol T3AA 1AH L filterdll TR H TS TSA
plate®] X} FHAHEE 3]t} o] agar plateE A|TE - L&
B2 e ¥, fiters FE3td TSB SmLel @¢d ¥ &4
A3 Cm (10 gg/mL)o] /8 CC plated] =E3A

4, R plasmid® F£&

R plasmid ¥%& Kado et al. (1981)9] ¥H-& 533t ALE
9t AE FFE 25ml tryptic soy broth (TSB)ol AE&H
18A12F 100 rpme2 A7 wigd E, 6000 pmo 2 783 94
st FAE 2o 1 mLY TAE buffer (40 mM Tris-acetate,
2mM sodium EDTA, acetic acid, pH 7.9) (Sigma, USA)E ¥ 1
A A F, £589 (3% SDS, 50mM Tris, pH 126)
2mLE& A7H3e 55C water batholA 1A wHSAIFT o F
phenol/chloroform (Sigma, USA) o2 % ¥ utE3le] g
A& F&32, 3 459¢E A% 34 NaOHel 9§ 8
g3l #A87] 93 1/10 volume®] TE buffer (108 FX, 40
mM Tris-acetate, 2mM sodium EDTA, pH 8.0)% #H73t4th
Plasmid®] &g #¥ A7) 452 0.7% SEKEM gold agarose
(FMC Bio product) gel°l 025% bromophenol blue®t 40% suc-
rose’t A71E G499 (pH 80) Splst EFd 5 2048
TRt AAAT. 80voltdl Al 2417 F AMMAA ethi-
dium bromide (EtBr) €9 (0.5 pyg/mL) 22 30%3 |43 &
3% transilluminator (SL-20 Seolin Scientific, Korea) A &4
4o

e

i)

1. WMZFe el
1993358 19993714 =9 T3} Faier FAFA 134
Mol #FE HoERY do] o]E FFY WA BXE ZAY



MZE Conjugation 4 F4% W3¢ 8%

A WA ZA Aol 4448 o e A2 R plasmidE
M2 wAste A AT Sdelng, 134719 FF ol s
A Ha M gFA dsd 2 N £ TIAYd 27HA
TAY A glo] B dFddA T ARE FAAY 77t
5ol Hol$t3, quinolonel 59 ¥TA e 28 R plasmidol
3 g Ago] %ol dojues Aoz daASE Cm (10 uy
mL)# Tc (30 yg/mL)o) tis) H¥E& dAsHd,

oAl ZeAd AgAR F 1340 TF FAAH 1070 #F7
Cm# Tcoll disfA W8S Yerds ¢ + UNeH 4 dxEe
veld AT Y vlgo] Bl Al e B BA7 U 3
g YT F7h A YUASE ¢ 5 UG (Table 2). &
3 Cm Teoll d3] WAL ZE 10859 A9y E¥XE 29
gl e BT 65TF F 47F7h FALNAE BT 69
TF & 6aF7r 250} NG g WAT 2 MEgaE
Aol AT 4 A 22z € F& API 20E kitS Al
&3td g4 A3 0FF F 5ZF< E tarda, 3T FE Vibrio
sp. 1813 77 & @549 A, hydrophila, Shewanella sp.9] T
F2 545 AR E tardast Vibrio AG 9 FF 8] BHL
Dz B4 gide] d tlRE9 ¥olE: E tarda$} Vibrod 7
A Reg 23 F AU (Table 3). MIC £4& 53}
Cm# Tc °]9ol o]& 108F7} 2= EUE WA markerS %
Al ¥ A3 kanamyin (Km), colistin (Cl), nalidixic acid (Na),
norfloxacin (Nf), ampicillin (Am), oxolinic acid (Oa)el] th3jA
= A4S vEde £ Ad3dA 2 ZE Fo| tA W4T
de U8 4 AR} (Table 3).

eI
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2 o
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Table 2. Frequencies of multi-drug resistant isolates among
bacteria isolated from diseased fish from 1993 to
1999 in Korea

Frequency of multi-drug resistant isolates

Area Total
1993~1995 1997 1999
South sea 2/30° 1/1 1/34 3/65
East sea 1/9 6/60 7/69
Total 2/30 1/10 7/94 10/134

*Number of resistant strains against Cm and Tc.
®Total number of isolates analyzed.

2. Transconjugant® A&

oAl Hgel EA4o) R plasmidel] 3 AAA &Asr] 93
conjugation 4¥-& A8 o, o} 95t FhATe] B
At AL AHREI 0¥ CC plated ©} 439 transconjugant
o FFg SFoz AEs U PEe F4 s gy, o
UL donor X7} B FEAY WAIAE 7HAR 9o, o
g FHHE WA QAE 71RIT Qe recipient TF9 R} of
24 transconjugant®] A¥o] #7ks¥ W AHEE F Y digdel
H 4 9lth Table 4914 Ei= vtgl o) recipient @5 (E. coli HB
1007} donor FFEFH 1 WAL HAERS B¢, FTA
(donor®] W4 marker)7t #7+8 CC vl Aol A transconjugnat, E.
coli HB101 (pvD)& % Bty &g FA8A S, donor

117

Table 3. Drug resistance patterns of multi-drug resistant bac-
teria isolated from diseased fishes

Organism Source  Resistance Area Year
Edwardsiclla tarda RE1  ecl mIeKm C Ryanga 1995
Edvardsella tarda RED founder o 1€ K™ X Namhae 1994
Edwardsiella tarda JH10  flounder 8“ Te Am Km Yosu 1997
Edwardsiella tarda KS1  flounder Cm Tc Km Cl  Kuryongpo 1998

Cm Tc Am Km

Edwardsiella tarda KS2  flounder ¢l Na Kuryongpo 1998

Vibrio damsela flounder Cm Tc Am Km  Kuryongpo 1998

Vibrio sp. JES flounder Cm Tc Am Cl  Kuryongpo 1998

Vibrio sp. KS6 flounder Cm Tc Am Kuryongpo 1998
. Cm Tc Am Km .

Aeromonas hydrophila  catfish €l Oa Na Uljin 1998

Shewanella sp. mullet (C:{n Te Am Km Namhae 1998

Abbreviation: Cm, chloramphenicol; Tc, tetracycline; Km, ka-
namycin; Am, ampicillin; Cl, colistin; Na, nalidixic acid; Nf,
norfloxacin; Oa, oxolinic acid.

Table 4. Characteristics of different strains of bacteria on CC
agar plate

Bacteria Colony colors on CC plate

Escherichia coli K-12 HB101

dark-blue to violet

Escherichia coli pJAPES8232 light-blue
Edwardsiella tarda colourless
Vibrio sp. no growth
Aeromonas sp. purple

Sphingomonas sp. no growth

TFEL o] WA Bad 9o MZ-& Yehfuz o] Wy
conjugation @A Q¥ transconjugants A3} A &
£3Q oAt (Table 4). ¥ o2 £8€ 10719 T35l
HE3}9E W Vibrio damsela JE1 (V. damsela JE1)TEF7} con-
jugation® o3t I W4 & Agdte AL Y.

3. R plasmide| Z#&

A3 dF V. damsela JE1NE E. coli pJAPES2327} &53tx
€ R plasmid (eF 200kb) (Aoki et al, 1985) Bt & =7]9
R plasmid7t EA4FE ¢ 5 AAD4 (Fig . =3 uansconju-
gant?! E. coli HB101 (pVD)l M= donor TFA #2€ 2y
Z& 2719 R plasmid7} £ 5o AdHl7t st

R plasmid®] Aele] gt AgU Ao EQuLE 93¢ Cm -
Tc* Am - Kmedl A& AFEAE 2AAN&HYE A donor TF2
AH8-3t V. damsela JEI Cm - Tc* Am - Km 259 tfsf W4
& YeEIUAT E coli HB101 (pVD)¥ Cm¥ Teoll wisiA ¢
W4de YR eBR R plasmidlE Cm, Tc Tl Bhd W4
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Fig. 1. Agarose gel electrophoresis of R plasmids.
Lane 1, V. damsela JEl; lane 2, E coli HB10I
(pVD); lane 3, E. coli pJAPE 8232; lane 4, E. coli

HBI01.
gene®]l EAFL AmF Kmoll W WA FHAE chromosome
e 7% WHARA %2 cryptic plasmid (Fig. Do} &A3tx2
AeE & F ANG (Table 5).

4, Conjugation2| %Xz}

R plasmidE 7FAI3 4= V. damsela JE1S donorZ 343 E.
coli HB101¥ recipient® A3, M2 th& F 7}A 9] mating
WAH I mating AP 2211 2o tid HFo 2AL Y
stz sttt Table 69 23 2ol filter mating'o] g ¥
Zoll o} broth 2T 10°~10"0 A= A Jebga, /Mg 5
g NEg vebE Z$E fllter matingA] 25Co A 2443t wh ok

Table 5. MIC of antibacterials for V. damsela JE1 and its

R

ERRLERE LT

ANAE dgoh. 2 filter matingdIM ke wWE T
Aol Hate 2AHA %N, mating AlIZFE 2A3HE F
AL HeE S e AGWNEE Bo Foy 6X7 o] AN E
Egg Aolg BAE 4 (A oo H]3tY broth matingH ol
ME 2% 25C, mating AL 6A1E oFelAE Wi v A
DT E Ko F0] mating WHFH 27 wet V. damsela JE19
R plasmid Ag8EE w¢ t2A deids $98 + dAt
323 E coli pJAPES232E donorZ A4E3 E tarda RE14
22 #F9% E coli HB101& recipient2 3] ALS#FE 2 filter
mating8 o 23 conjugation®] Zze] g HeEHxz: €3
At (Table 7). DonorE E. coli pJAPES232E AM4-31d 37T A
25Ce} 30T vldte] o 107 L& AY YIRE HolI 61T
o]/42] mating AlZte] HHo] ALY E Holew oFd oz
VEPG AT AL8-8 recipientd] FFHol WE F3F Folew 2
HA g 13y donorZA V. damsela JE1E 183 reci-
pientZ E. tarda RE14 ¥ #F& A28 oz EFA
AENze ¢ 107 A= @& Aoz 4503 R plasmid?]
E4 & donor cell®] F32 FA4o) me} recipient 26 AE

Hxe g2 dedde A8 #d3dd.

Table 7. Frequencies of transfer of R plasmid against different
recipient cells with filter mating method

Recipient cell

Donor -
i Temp. E. coli HB101 E. tarda RE14
ce
2hrs*  6hrs 24 hrs 2hrs 6hrs  24hrs
Ecofi BT 10XI07° S0X107* 20X107° 20X107° 60X107* 60X1073

o

pJAPE 30T 30X107% 60X1072 80X1073
B2yt sox107* 60X1072 40X1072

o

14 3BC40X107% 20X107% 10X107

40X107° 40X107° 49X107°
LOX1072 10X107" 60X107"
20X107% 20X107° 40X107°

transconjugant damscl T 90XI07* 20X1072 8OXIOTZ SOXI07Y 6OXI107P SOX10~
, Mininum inhibitory concentration (ug/mL) L 3% 10X107% 50X1072 60X10™2 90X107% 90X107° 60X107°
Bacteria Cm Tc Oa Na Am C Km Frequencies are expressed as the number of transconjugants
E. coli HBIOI 125 1% 0312 625 625 039 625 per initial number of recipient cells.
V. damsela JE1 S100 >100 125 125 >100 125 >100 *Mating time.

“E. coli HBIOI (pVD) >100 >100 0312 625 125

*E. coli HB101 was used as a recipient cell of R plasmid from
V. damsela JE1.

156 625

Table 6. Frequencies of transfer of R plasmid with filter and
broth mating methods

Recipient cell (E. coli HB101)
Temp. Broth mating Filter mating
2hrs*  6hrs  24hrs 2hrs 6hrs 24 hrs
Vibio B 10X107¢ 10X107¢ 20X107°  40X107* 20X1072 10X107"
damsela 30T 20X107% 50X107¢ 20X107¢  G0X1074 20X1072 §0X1072
IEL 3t 10X107° 70X1076 30X107* 10X107> $50X1072 60X1072

Frequencies are expressed as the number of transconjugants
per initial number of recipient cells.
*Mating time.

5. 4 FHMTE0| H= HY BN 2Y

gAY U3 2XF £43%7] 989 R plasmidE 7}
% V. damsela JE1°] 28 FolFe] AW AW AFFL R
plasmidel o3 WA o] o= FEA Ao o] g5 FALE AT
343 3R AdE F 4 3% IF7F CmT Tedll s i4&
Uetdler, of ¥ RIFE ARG 2EF F 3TFV E
coli HB10122 I dAdo] HEHAL™, transconjuganto]A] R
plasmid® 2§ 23 £ AT AHE3 V. damsela JEISIA £
2l¥ R plasmid®} A3 (>200kb) A719& 392 (Fig
2) Cm# Teoll Widt WATS Addte A& FUAATG (data
not shown). AU AdFA ¥IHIL R plasmidE FH3hxn
Atk QA€ 3 TFE APl 20EE A48t 54 & 434 25
Sphingomonas A4 ¢ To2 ARt
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Fig. 2. Agarose gel electrophoresis of R plasmid isolated from
Sphingomonas sp. present in the intestinal microflora
of flounder.

Lane 1, V. damsela JE 1; lane 2, E coli HB101
(pVD); lane 3, Sphingomonas sp. HS10; lane 4,
Sphingomonas sp. HS11; lane 5, E. coli HB10I.

U3k

a

WAFe £ES 2 4 #F w2 77 19709 W 27
Aoki et al. (1972)9] 98] YRAME o]FoX g}, AT §
FoME 1 FR4E JAGEAME o} A7A oA AT B
A77t F83 o FojAxn YA %& AAoltt (Choi et al,
1996). 22 B AFANE &= ¥4 49 Wol2 7 A
WATE Fen o)dg dA WAdTol # plamid®) E4
< MEZ$ conjugation & ZIHES $43te] E4&azt sty
HA Teol dd WAFS £33 o] F A Cmoll WA

rir
e

¥ oA OE FTAe W WAEE EAdte e HEsst
ojEF PFL thd o MTFTY RE UA AT E E8e
Ae HA Gov HuH & v oA WS waA 49

Table 2, 39 ZFoA E5o] 199335 1998374 &= ¥
A UEbd od Ads FaAd datd dA WS v
e Ade 4 7~8% 5 A8 Aoz YEht 1 v &L 37
wstala) RohS-S Jehlz gk Aoki (1988)e mhaw 19734
R 19839714 2AME 2o AR WoldAM EEE V.
anguillarum® ©A WA H&E 90% o]dd gty B
QAT Cm# Teol A PAvtez I 548 F3A 48 £
td QEAME 70309 g0 die Aolvt UEE &+ AR
2 1973328 1977974 A C¥ Teoll dldt 48438 90% ]38
BRI 1978394 1983371 Ealg @dFeA e 5% ulgto]
Tedl WAL, 50% HE7F Cmoll WA4E Jehlo] YA £
AHEE gAY SR/l et 2 dA HEY W de 7 A

$e ¢ 4 Yt AggE Bopy 39 Fag et ¥4
ZAeA TANA-E Jetlls ATy v&2 T A7t 9
ooz oA WAT ¢d vxe g A4# glo] vsds ¢
F Aok

A WAe £4¢ veEul® F+3AE chromosome, plasmid
123 R plasmid 5ol EA3T e Aoz 43A Aok (Aoki,
1988). & A7l e € o Ad AW S4¢] R pla-
smide] 2% AU A7} 943 MZE R plasmid A &
g 4% conjugation A& A 2 EAE £HIATL
Z transconjugant® U7| 93t BHUALZ Fo] AHELHIL SlE
recipient ¥5¢ E. coli HB1019} 1932 5-& 22} streptomycin®
nalidixic acid®] 3ted W& 22 1o donord} FEEH= mar-
kerZA o) &3 AU (Wooley et al,, 1986, Muela et al, 1994), =
£ MacConkey Agar 53 #-& A9ue] olejs FdAE
7vsted ALEEt AT (Aurora et al, 1992). Zeju} of2i & HHES
EARL donor TF7F o5 FHA ] HE WAHRE R pas-
midel 7}A2 9AY MacConkey 59 AMeuizol & H$
transconjugantE donorst T3 Avle ErbEaith 2 ¥ o
2 recipient?) E. coli HB101 streptomycind) o 3 WA AAE
FHA R Qo B Ao A AHE-E ti 9] donor M EE TUE
WA I8 /AT Y4B transconjugantd] AE-E 93 A4
ARZAE AHEE F gl 22y & d7dMe A WS
A8 EA FWAFe AEelA] (Byamukama et al,, 2000, Turner
et al, 20000°1HA Fol wet I A N2E ol FA do
F= CC plated A& SFBH Y AT E9 conjugation £4 )
Hesto] A3 donor, recipient LI transconjugant®] A
He BPe3h (Table 4). ©12 8 ¥He 222 conjugation
T FAE fFAAARAY AN Z YA 84 ¢+ U
[}

N g

r
o},
Holzng Rd 10789 oA AT CCHiAE o83 E
WO 2 conjugation ¥4& AA® A V. damsela JE1 ¥ F
gto] ¢k 200kb ©149) R plasmid® 343 oA AT YS &
3tgTh (Fig. 1). 22X transconjugant, E. coli HBI0I (pVD)
9 AR E4L Cm¥ Ted daide WAEE YeEHZ donordl
V. damsela JE1°] JEIE Am¥ Kmol didlAe WA & e
WA gol V. damsela JE1°] 7 R plasmidel ZAste HA
FAAE CmT Te 5 FTAN e FHAALE 3% 7H5A @
Ao (Table 5). R plasmid®} 717} 2B & ZE WA F3A7}
transconjugant® A A &3 resistance transfer factor (RTF)
ol 7b7kel ARNY CmF Teoll e WA FAAT dEHUS 7
SAE 9oy transconjugant] R plasmid® donor A E9] A7
9% 2712 YEgeng Cm¥ TcE ALY o2 A U
AFH A chromosome =€ 7|50 W AA %L cryptic plas-
mid (Fig. 1) 59 #99 gle Aoz &34

V. damsela JE1°) YEUE conjugation #& Z7& wZ g
A3} filter matinggol AG ¥Eo] glo] Yt og wo| AHE-3
E brothBE T 10°~10% B ¥A Yeba, 25TolA 2443
HAAAE B JPAGUNEE B F3d Filter mating oA
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A48 mating LE¥ donor cello] E. colid A4 37CY 9
A Wgsl 7 2 4R V. damselad) B4 2EHE A"
Hgo B 9FE FAE F%T (Table 6). o] AFHANAM 53
o) 244 F L9 R plasmid? 3% Q=T FFEAT A&
@ & Ak & E colid) FHHH 2xe 37CQ W, Vibriod)
AexE vyl g9 matingd HF 2IE @A JEd Ao
2450 Singleton et al. (1981)8) B3¢ I gtAct =
mating A1ZHH ZWol M, donor cell®] Acinetobacterol® 5A1ZF
Wk & Hol frequency® YEFHAI (Rochelle et al, 1988)
Pseudomonas®]® 2417 Fofl A Ag T g AU (Graves
et al, 1980) Bxato] #9 FFo] Wb AA mating Aol 7
e Ae & ¢ Utk B AYAME donor cellol E. colid 7
$& 24X, V. damselad] 7$olE 6712 olF9 7MY w2 AE
NEE Yeho] & a7 fA4E8 BeFglnt (Table 7).

Aoki (1988)°l w2 ® U¥ ol FAAA 318 2PA 9 A}
&o] 27l 3 ATt E&Folglan, 3 wo FARe) Y
& R plasmidS 7} P. piscicida WA T L Cm, TcE HI £ ¥ o7
ggAd AF4E YeEL, ol F o] WAL dE o2 A
o] sjate] Ao ST oy AFAW AT FRA ¥
Tae AL FAsdth 281 Oliver (1993)2 E. colidl A con-
jugation® 489 74X A& E T 390 ™, Garcia et al. (1992)&
3709 E9 conjugation 5HE& 7HAG L St 2HER o]
AL N2 g8 plasmidd #F we Fole YA conjuga-
W EE 5 $404A4 2R5% ASHEA bE A
don g5z oy JFo2HE R plasmid7t £
g8 %¥ojFole R plasmidol 7193 WA Aol oy Adt
= A4 oAEE o] oR /o) A LAY 5 YE Ao
gn gaed 28ez B 4y ofB¥ATdA UEd R
plasmid7} 2% 24 ¥ 24¢ oAFy A AFFAA FE}HD
QdeAe BAE7] 9349 R plasmidE 7H2 V. damsela?t &3
B S FAR Asze AND TY 25 QAE M€
% oA s A3 AU AT Eel Ze WA ARE ZAHE
Botch a2 A9 B9 AR A% dx Y Al AdFelA
228 12%9 tA WATFANA 32F7} V. damsela JE10] &
#3 R plasmid®t $93F 2719 WA 2 54E Yelle A
g dct (Fig 2). o1& 3#F EFE 529 4, 4EHEY, E
%} 4% 5 ks @736 4&3= Sphingomonas sp. (Yama-
zaki et al, 1996) 9o AHA E{F B4 Zo] oFAME
AW FENA R plasmide] BEo] 47| A& 22 0]Fof
AL Qe AL 34 & A (Fig. 2). =F WAFEA 2
FA2 A 59 @7 deA 53 22 R plasmidel g £A
AERAA B4 wiir} FF FE3 o] FolAGH o] ¥ R pls-
mid® 293 £Xd g3t Bt FE3 F I o]Fod £ 3l
£ ot

fu o alo 4

tionZ %
oz Ag

2 o

R plasmidd #X¢ ANZF conjugation Y NS A3k,

23 0P335 - FHE

2o 3t Fate A o FAYWAY AFozR
B A oA WAEe Edsgch ET 134344 10257+
chloramphenicol, tetracycline, streptomycin, ampicillin, colistin,
nalidixic acid, oxolinic acid, kanamycin Sl W& thAWA 9
E4L AT 9eH ©1%F V. damsela JE1 ¥ TFE chloram-
phenicol® tetracyclines] 3 WA4HE 542 2= R plasmid
9} ampicillin®} kanamycin®l ¥ FAAE chromosome &l
st QAo 2 AT dAMA §4l R plasmid
o 71Qke AU Y AL G AHATY AR H2
ALE CC AN 7] g FFEo] YEe F49F £&
A Mze zo]E o] &3 donor, recipient 18X transconju-
gantE 7EE £ A& WHE B89 Conjugation®] s}
£ 93 o8 7kA) 21¢ v g A, V. damsela JE19 R plas-
mid®) AFL filter mating'8-& A4 3= Ao] broth matingy
Bt o 1008 o]4e] ¥ HTES B FHoH ol Ag2
EE 30T ol4, mating A 4NTAAM M £ 2 WIzE
JER) A R plasmidS &F3 V. damsela JE1°] £2€ 474 €
¥ Y S 59 259 49X FlAdAA 22T oA
WAF Sphingomonas sp. 335 V. damsela JEI|A &2€
A%} 2 379 R plasmidE FH3L ANLH, 1 54 £F
V. damsela JE1¢] R plasmid$} w}&7HA2 oA WA F Cm
Teoll W8 §AAo| recipientE AEH Zll AldZ°] R pla-
smid? reservoir2A9) 8¢ 31 UL FAA

ZHALe

ol 2
2 Q7= §2HA4E EF7EAT (FANE: R02-2000-
00227) Aoz £HP=YL.
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