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Distribution of Thermophilic Campylobacters in animals and transfer
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[[. Plasmid profile and transfer of drug resistance
of isolated Campylobacter
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Abstract: To investigate the epidemiological trait of intestinal diseases of animals caused
by thermophilic Campyllobacter spp., isolation of etiological agent was carried out and the
profiles of plasmids and the transfer of resistance plasmid in the isolated Campylobacter spp.
were examined.

The results were as follows.

1. A total of 110 isolates of C jejuni and C coli were subjected to the test for the presence
of plasmid DNA. Of the isolates examined, 60% cf the isolates were noted to harbor plasmid
DNA. Plasmid occurrencer ate from pigs, chickeris and cattle were 76.2%, 61.7% and 37.7
%, respectively. The plasmids of a large molecular weight, ranging from 36 Md to 86Md,
were identified with the strains of tetracycline resistant.

2. Transfer frequency of tetracycline resistant plasinids was higher in the case of the filter
mating method than in the broth mating method by the factor of 10~1,000.

3. Tetracycline resistant plasmids of C jejuni were transferrable to C jejuni and C coli by
conjugation. In a low frequency, the transfer of tetracycline plasmid was also possible to
Vibrio parahemolyticus. However, it was impossible to transfer to Streptococcus fecalis, E
coli and Vibrio cholerae.

4. Tetracycline resistant plasmids of C jejuni were impossible to transfer to Campylobacter

spp. and related bacteria by transformation.

Key word: plasmid occurrence rate. conjugation, transformation.
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Campylobacter %79 ¥ 1913 McFadyeans}
Stockmanle] -4tz wofo 2 XE Hysle v FA4A
Vibrio% ol gtz B33 o]&l 19464 Levy®l %
dF 929 FAZLH E30E wAAR] Vibriod
o2 EFaglch. 2 o] F King®2 o] A7 43t
& FAF FY4o] Vibriekiae A g T4¢
& el stz F4F Vibriowol etz EF3t3leit, Veron
5} Chatelain* 2@ Smibert’= DNA9] G+C3tgko]
Vibrio 4+ 3= 2ol 7t 92L& vl Campylobacter
GEez HPsAct

Campylobacter &7 & AAZVA 17£5o2 EHF3zn
9lew, catalase ¥l3o =&}l 2 groupe 2 vy gl
t}, &, catalase FA T = C fetus subsp. fetus,
C fetus subsp. venerealis, C jejuni, C coli, C laridis,
C pylori, C hyointestinalis, C cryaerophilia, C nio-
rofigillis, aerotolerant Campylobacter subsp., free-
living Campylobacter subsp.% 11%¢] ¢l3, catalase
ATl C sputorum subsp. sputorum, C sputorum
subsp. bubulus, C sputorum subsp. mucosalis, C
concisus, C cinaedi, C fennelliae’s 6%0) glt}. &3

Campylobacter472] plasmid 2§80 FJslodal
Austin®} Trust7l 18% 2 233 o] 3, Bopp et al*®
L& A fFol A 67.3%, Munroe et al'®e &
#Fol A 53.8%, Tenover et al"& Al gFzt FEo] A
frel g T AAY JTF 2/EL 53%=2 .

Campylobacter <72 GA N AA G #3le Tay-
lor et al®& C jejuni®} C fetus® Tc WARFAAE
plasmids} »§3tz glod, Aol s5dtm 2 =7
£ 42Kb =¥ 42~100Kb2 & glch, 11

WA dAte] 42 conjugations] o3}, Hw
HIEE 1073~10"° d 92 giA gl 1no

Campylobacter 472 Tc¢ WAL conjugationz}
transformatione] 23ld & E coliE ¥ EFE & 3
WA oz Ade] HA g€ Aoz 984 U, =
o) f2A o]E A Fztelx plasmidel HHF endonu-
cleaseg] recognition patterno] FA A o] Q7 o Fo]
gz 39}, 120

Taylor®2E A FaAA =] 28t C jejuni Tel A
plasmide®] gene mapg utEo Telld AR & ¥al
33, cosmid vectorst hybridizationA] 71 ¥, E coli
o] transfection]# clones} 3tglch. &} C jejuni
o) TeW A A7} conjugatione]l v} transformationol
g wygoze E coli ¥ oE FWATLE A

A e Ft oJF EFAEWAAE plasmidd] &
A g4 B4 & HA g7 A Eeletx ol

T ol Al = Campylobacter <72} plasmidel] #3}4
23 v ot

2 AT e Eedol e plasmidefg¢ 2 &
Y& ZASE A FANAAY BHYE wEAE
Sta, el e FANAG A& A 9l

Mz H Y

MNERF AR o] RAFAF C jejuni 97
F9 C coli 1357288 plsmidE Eeldte 2 H& 2
3 & =Askd.

Plasmid2®] £2| : Plasmid®] +2+ Birnboims}
Doly,® Bradbury,'® Taylor'32] w#j o) &3} alkaline
SDS (sodium dodecyl sulfate)y g ® 3 A A 5}9lch,
Campylobacter 5T H N % A o A] 484] 7t ]
*¥ AL, Vibrio parahemolyticust brain-heart
infusion brothell A 16~18417F w3 A& Ar&3t
g, T8 24 1.5mlE microfuge tubeo] &7)
2 12,000rpm o 2 147k 9428l AAAD TA
£ SET buffer(20% sucrose, 50mM Tris-(HCI, pH7.6
9 50mM EDTA) 150pio] 3-$-4171 ¥ RNase bffer
(RNase A 10mg/ml, 0.1M sodium acetate ¥ 0.3mM
EDTA) 549} lysozyme sol.(lysozyme 5mg/ml, 10
mM Tris-HCl, pH7.6 2 10mM NaCl) 50xl% ~}3}
3 A A3 EFsle ice bathel A 1037+ A4 X343l c}.
7]l lytic mixture(1% SDS % 0.2N NaOH) 35041
£ 7betd E¢t ice bathel A 1087 AXE &
3M sodium acetate 260pl% 713t ¥ ice bathel A 30
72 B A 85k

ol & o} Helg AL 4°Col A 12,000rpme = 10
7 fAEEAsd AT A€} chromosomal
DNA% A A7) 2 plasmidE 4 424L &
microfuge tubeodl| At o 7o) 2 300x/2] phenol-
chloroform £9-¢ 78l 4°Coll A 12,000rpmo & 10
7 A4 EEse AFAE A5 PP wE,
AAse Ao AL 7 A3

o] 8} o] ¥-2}3 plasmidE 70% ethanolZ 3] ¢
AM A e5 AFAZAA plasmid pelletg THE¢] o},

482§ plasmidE 15pl2] TE buffer(10mM
Tris-Hel 9 1mM EDTA, pH8.0)el £3)3tx, 0.25
% BPB&-4 (0.25% bromphenol blue, 0.25% xylene
cyanol @ 40% sucrose =84) 5pl8 71 FgA L
0.7% agarose gel Aol A 120mAZ 3A 7 A7) 4 F3
o plasmidE 7343k
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Table 1. Donor and recipient strains used for the conjugation test of drug resistant factor

Strains Species Antibiotic resistance Origin
Donor Drugs MIC(ug/ml)
ATCC33251 C jejuni Tec 125 ATCC, human isolate
543 C jejuni Te 150 Korea, swine isolate
Ch79 C jejuni Te 125 Korea, chicken isolate
Recipient
WP 1 V parahemolyticus Ap 200 Japan, human isolate
WP 28 V parahemolyticus Ap 200 Japan, human isolate
MY 73-13 V parahemolyticus Ap 200 Japan, human isolate
SM 218 V cholerae Ap 200 Japan, human isolate
Streptococcus fecalis NA, Sm150 Japan, human isolate
ML 1410 E coli NA 200 Japan, human isolate
SD 2 C jejuni NA 250 Canada, human isolate
St 29 C coli Sm 150 Canada, human isolate
WAQUXte MEAH : Donor #F+ A 754 3k v},

A& oA Teol w3 MIC(minimal inhibitory conce-
ntration)”} 100ug/ml o] Ae] 3 Ap, Sm @ NAe| o
@& MICE 1pg/ml ]3tql 44 FFREA, 38Md 2
d 28 o plasmid® 2{& C jejuni S43(sNA %=
)7 Ch79(et )& A43igdeh. dzFFRE
ATCC33251(ATCCAH #)¢ A48}, recipient T
F1 Teol A& MIC7t 1pg/mle)dte] iz plasmid & ®
F82 % C jejuni SD2(Taylor® A%, Alberta
&), C coli29(Parky #| ¥, Bureau of Microbial
Hazard of Health Protection Branch, Ottawa), V
cholerae, V parahemolyticus, Streptococcus fecalis
(Toshio Miwatani® A%, Osaka 9%) @ E coli
ML1410(&#5 #3471 €9)& AHeslgd e, ol Al
o AAE e = 13 v},

Conjugationt] 2§ FHEAMH : A2APHHL do-
nor 2 recipient® &3+ 7+ Campylobacter 2 Stre-
ptococcus TFE FNFAB T x| of 18~244 7} v ¢
3 AL Vibrio 2 E coli #FE 16~184 7t il 3
72 &, mating brothel] 10° cfu/ml FFo 8 - §A4
.

Donor 9 recipient& 1:4 8] €2 E 3 o}-2 filter
matingoll A & nitrocellulose filter(Millipore Co HA
type 0.22pm)ol 200405 A 35t & A A 5 ] A 9
ol A wl k3% vh. Broth mating& donor @ recipient
g 1ImlE AR £F3tn A7) FFo AlA
g M2 & 3t vlislzAo =, Campylobacter %
F7h2 42°Col M & FE L 37°Coll A 24~484 7}

Transformation® 2|8 MEAI# : Recipienti 4}
4 FulgFd e 0°C ice batho]l 4 2037 A x3lo
WA 2% 30mlE #Ashe 4,500rpmo 2 1087 4
AR L 0~4°Ce 100mM CaCl, g o2 2345
A=) st st

AAATE el 39 1/200] 3 38t 100mM CaCl,
Lo E{AA, 2 0.2mle]l donor plasmid DNA
0.1ml& 7189 reaction mixture® %} c}. ©] reac-
tion mixtures- 0°Cell A 4587} ice incubation4) 7] 5z,
42°Cell 4 4%-7k heat shock® £ v+& 0°Col 4 308
7: ice incubationA] 7 o},

o] g}7o] A 2] {t reaction mixtures] 447 %<
2| 2.7ml& 718t 37°Cell 4} 10087} gene expression
A% 0. 1mlE A&ul Ao A F3l9 transformation
frequency & A8kl et

Te W4 plasmide| HEHIE U HSEAMEY : Tc
W4 plasmid® AwkleE Tc D 24 F5o 93 7t
A FAAAE Mg dQul Aol donor ¥ recipient

£+ conjugationA] 71 w9k} B transformation4] 7] uj
2 0.1ml& A &9 transformant &
Altate] AgHlEE 24890, Te WA S o 28
sty st Aag
3 Te @ A Aol A 244 FAAE 3748 A
el Ao A Fag et dHel A= Te 100pg/ml 3 Ap
150p4g/ml, Sm100pg/ml == NA 200pg/ml¥ 2 7)3
B Fuf Aol e o] Aulu] Ao FAF AT WAl
AEy Aoz sk, Te WAe e A= Eel

conjugant %

conjugant 2 transformant
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Table 2. Plasmid occurrence rate of C jejuni
and C coli isolated from animals

Table 3. Drug resistance patterns and patterns of

C jejuni and C coli isolated from cattle

Plasmid occurence Isolates Resistance patterns Plasml\id% patterns
g,
asr?;lr;‘;els()f Total (%) rate (%) (Md)
C jejuni C coli C 10 Ap Cep Sm Tec 70, 36
Cattle 15/40(37.5) 14/36(38.9) 1/4(25.0) € 16 Ap Cep Sm Te 86, 36,33, 10, 4,3
Pigs 40/52(76.2)  34/45(75.5) 6/7(85.7) C 4 Ap Cep Sm Te 44,4.2,2
Chickens  11/18(61.1) 10/16(62.5) 1/2(50.0) ©C 56 Ap Cep Sm Te 38,41,3.6,0.7
- - C 76 Ap Cep Sm Te 44,4.8
Total 66/110¢60.0)  58/97(59.8) 8/13(61.3) C 85 Ap Cep Sm Te 70,2
strains with plasmid/No. of strains tested cT7l Ap Ced Te 38,4.1,3.6,0.7
C 81 Cep Sm Te 38,3.9,3.4
A& o RN ¥ o) [«

g 22 A& donor, conjugant @ transformant®) C o Cep Sm Te 86,5.8, 2.8
Teol &t MICE &A435lc &9 plasmidg& ¥ 34 C 12+ Ap Cep 4.2.3.2
agarose gel A9 Fo2 plasmid ¥4 FAAHE C 105 Cep Na 3.7
Helstsic. C 3 Cep Sm 4.2,2

] of C 98 Cep Sm 70,3.9,3.4
C 86 Cep Te 7,30, 35
&22i 8t Campylobacter2] plasmid 27& @ £ % C 43 Cep Tec 38

Campylobacters & 11050] w3t plasmide] B P N

colt

& 2487 93td o] A FeziE plasmidE
e st e}, plasmids 1105 4§ 665258 ¥
slo] 60%9 ERES 23 FF fHd2 ng o
A fell & 52F F 429 28H FH 76.2%2A4
4 & 2H8E 2Yed, § Rl 18F £ 61.1
%, & FHT 40F F 37.5%9 ot +FE »
&2 C jejuni= 59.8%, C colit 61.3% 24 A
v RRed RAT(E 2).

g22|8t Campylobacier?| plasmid /% . C jejuni
9 C coli 665288 Fe§ plasmidE agarose-gel
A7) 9 E o2 plasmid §3 ¢ 2A4% A3+& £ 9,10,
11 92 122} =29 la, 1b 2 1c& 2},

Zfdll C jejuni 2 C coli 155F2%5 23 plas-
mide] EAge 0.7~86Mde] ¥9 2 ogstgod,
2 $8L 3.7Md 7L U E-Yo A EE 86, 36,33,
10 2 4,35% 22 5%FF9 o 29¢ 1/ 4= A
Aeh(E 3).

R R C jejuni 3472 plasmid EA4%HL 1.3~
78Mde] M2 gz, 2 FHAANEH 10F
7Y dEY L 2gd dded, &£ € H fAFF
ol 4 2l plasmide] £ 7t B Aoz ey
(B 4). siARN C coli 65+ ¥Ao] 1.8~48Md
o Wegdes, FYEYAALE 4FF9 HEPAA
BHslz LAHE 5).

o %9 C jejuni 2 C coli 1159 plasmide A

Fol 1.0~82Mde] WA FALHIALE 45F
d ¥ e whelz Yges, FAEAE 24

»
VCI--C"'ChCCCCCCCCCC
517 79 92 27 98 105 12 76 7156434481 3

*
Y CHCh ChCh ChCh ChCh ¢ C C C
517 3914 5356 64 83 27 90 86 98 85 10

Fig 1a Agarose gel electrophoretic pattern of
plasmid DNA of C jejuni and C coli
isolated from cattle and chickens.
V517 : MW marker.
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Table 4. Drug resistance patterns and plasmid fable 5. Drug resistance patterns and plasmid

patterns of C jejuni isolated from pigs patterns of C coli isolated from pigs
Isolates Resistance Plasmid patterns Isolates Resistance patterns Plasmid patterns
patterns (™
S25 Ap Cep Sm Te 48,6,3.2,2.8,2.6 S87 Ap Cep Sm Te 40
S29 Ap Cep Sm Tc  78,36,4.6,3.6,3.4, S30 Ap Cep Sm 4.1,3.4,2.2,1.8
3.2,2.8.2.6,2.1 S40 Ap Cep 1.2.8.1.9

S39 Ap Cep Sm Tec 58, 20 S:g Cep Sm 48,35, 2

S44 Ap Cep Sm Tec 44,3.4,3.2,2.4,2 Sy Cep Tc 42,2.5,2

S45 Ap Cep Sm Tc 44,2 S17 Cep 3.3

S58 Ap Cep Sm Tc 58,15

559 Ap Cep Sm Tc 38 Table 6. Drug resistance patterns and plasmid
S60 Ap Cep Sm Tec 38,3.2 patterns of C jejuni and C coli isolated
S74 Ap Cep Sm Te  44,4.8,3.2,2 from chickens

585 Ap Cep Sm Te 38 Isolates  Resistance patterns Plasmid patterns
S98 Ap Cep Sm Te 44,2

S7 Ap Cep Te 48,38,28,4.6,3.7,2.6 c1127 ’””";p Cep Sm Te B 46’3‘ .

556 Ap Cep Te 58,30.3.2,2.4 Ch3g Ap Cep Sm Te 82

S64 Ap Cep Te 44,25 Chs3* Ap Cep Te 58

S21 Ap Cep Sm 3.5,2.5,2.2 Cho2 Ap Cep Te 28,25

526 Ap Cep Sm 2.8,2.2 Ch22 Cep Sm Te 70,4.2, 4

553 Ap Cep Sm 2.6,1.8 Ché3 Cep Sm Te 38,3.5

S57 Ap Cep Sm 7.7 Ché4 Cep Sm Te 44,4.2,2.2,1.9
S210 Ap Cep Sm 38 Chl4 Ap Cep 12

S12 Cep Sm Tec 38,27,2.8,2.2,1.4 Ch79 Cep Te 38

S13 Cep Sm Te 2.8 Chs6 Sm Tec 14,3.2

S34 Ap Cep 76,36,3.6,3.2,2.8,2 Cheo Cep 2.6

S3 Cep Sm 1.8

S22 Cep Sm 2.4,2.2 * C coli ‘

s41 Cep Sm 44,3.4,3.2,2.4,2 VSSs s $S S SSChc s
S49 Cep Sm 44 517~56 60 39256 1,0 87 58,8,9 4; 2 94 98.

o~

S256  Cep Sm 4.8,2.8
S42 Cep Tc 38,15,2.7,2 CH =
S43 Cep Tec 38
4.8
S89 Cep Tec 56, 3.6, 2 A . o
S10 Cep 36 20
S15 Cep 27,15,2.8 18
S35 Cep 14,3.7,2
S37 Cep 23 Fig 1b. Agarose gel electrophoretic pattern of
plasmid DNA of C jejuni and C coli
FEo ByE & 9 EHX] S Frch vrorch(E 6). isolated from animals.
- . . V517 : MW marker.
B aArle BYFEAE FAUWY RIFHY
AAE FEE 4 ggdeod, Te H4TAAE A Mating®ft] = QYA 2HH 2 Telfd MEH
M Ho| 38~86Md% 713 plasmids Bf32 3 Broth 2 filter mating®) Wlol ¢t Teld C
o}, jejuni 2 (A TCC 33251, S 43)% donorZ 3+ Tc
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*
VS $SS 8§85 S8SS S
5172534 2930 2122 7453 3

Fig lc. Agarose gel electrophoretic pattern of plasmid DNA of C jejuni ana C coli

isolated from pigs. V517 : MW marker.

WAelalzk ele  C jejuni SD2¢] AZAFI A}
broth matingel 4 &= mating¥ 244 Ztel 107%~107%41
EE Ao, 4847 Feie 1077~107%9 Hl =
2 A 239}, filter matingo] 4 & mating ¥ 484 7+
of 107°~10" =2 A 23y},

o] 272 A 2ul 5+ broth matingel] A ».o} filter
mating®] 10~1,000 & A Zdul =7t = (E 7).

olel gt AH 2 TewlA A2APL =5 filter mating
woz A3t

ER TF X THUS Ted HEY :Tc WA
e B4% FelF C jejuni S43 2 Ch79, =2 C
Jjejuni ATCC 33251¢ donor2 3=z, Tc ¥ 4l=7}
R+ C jejuni SD2 R C coli 205 recipient® 3}
filter mating® © & conjugationo] 93 AFAFP S
AAG A3 donors} FYFEQ C jejuni SD24| Y
AL EE 1074~107%2) Wz, C coli 299} = 1074

Table 7. Intraspecies transfers of tetracycline
resistance in C jejuni by broth and
filter mating methods

Transfer frequency

Mating methods  Donors
24hrs 48hrs
Broth mating ATCC33251 1.4x107% 2.1x1077
S43 3.2x107° 1.4x1078
Filter mating ATCC33251 4.5x1077 2.7x107%
S43 8.7x107° 3.5x10°%

Recipient : C jejuni SD2

~107%¢] B4z A2 H(E 8).

Tl 4 AE 243 22| F C jejuni S43 2 Ch79,
W 23 C jejuni ATCC 33251 donorZ &=z ¥
Q) Vibrio parahemolyticus 35-(WPI, MY73-13, WP
28), Streptococcus fecalis, E coli % Vibrio cholerae
£ recipient® 3}o] filter mating®] 22 conjugation
o o3t AFAFL AAY AE B 9% 2ok Te
WA A2 Vibrio parahemolyticusdl = 1078~107°
o o uwEz WAL ALsHoev}, Streptococcus
fecalis, E coli R Vibrio choleraedl = A2 &
ket

TransformationOl 2/3t FHEY : T C jejuni
S43 2 Hz=F C jujuni ATCC 33251-% donorZ 3
o plasmid DNAE 2|8tz C jejuni SD2, C coli
29, Vibrio parahemolyticus, Streptococcus fecalis 3
E coli& recipient® Al-8-3lod transformation A3 &
A A 8k et

Table 8. Intra and interspecies transfer of tet-

ratycline resistance between Campylo-
bacter strains

Frequency of

M. Wt(Md) transfer to
Donors of
(C jejuni) plasmid Csjgzuni C coli 29
ATCC33251 38 1.2x107¢ 2.3%x1075
S43 38 3.3x107%  1.8x107*
Ch79 38 2.4x10™  1.2x107*
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Table 9. Transfer of tetracycline resistence of C jejuni to other recipient species

Frequency of transfer to

Donor e T T ,
(C jejuni) Wpl* MY73-13* WP28* St fecalis E coli V cholerae
ATCC33251 1.2x107° 2.1x107° 1.4x107° <107® <1078 <107°
543 2.3x107¢ 1.5x1078 1.4x1078 <107¢ <107* <107
Ch79 3.2x10°® 4.2x1078 2.1x107° <107° <107¢ <107®

* 1 Vibrio parahemolyticus

CaCl, 2 plasmid DNA 3 7}%, heat shock A&
2] 7}, ice incubationA] 7} F9 AL <223 AP
4 % transformatione] 93l AE HI4 L 4T
£tozx TelAol AdsA Fheh.

Te WA MY &9l : Donore] Tc W4 plasmids}t
recipient® A D3P X ARE FA3}r] A4 A
= Fo) conjugantE Tc(100xg/ml) 2 2 FFo =
g A FAAE b Al e Fste] Te WA
L Ayt se 98k, F C jejuni S43, Ch79
9 Wy z2F C jejuni ATCC33251% donorZ stz C
jejuni SD2E recipient® g TeWl A A AP A W
A A% £9) conjugant: Tc 100xg/mle NA200ug/ml
F A Adw Aoy FABtH . C jejuni S43,

A B c D E

Fig 2. Agarose gel(0.7%) electrophoretic pattern
of donors and conjugated Campylobacters
plasmid DNA.

A . E coli V517 MW marker

B : C jejuni ATCC33251 Tec resistant DNA
of C jejuni (donor)

C :Conjugated plasmid DNA of C jejuni

Ch7) @ d =% C jejuni ATCC33251-2 donor=Z 33
C coli?9% recipient® ¥ WAA I AL A W 4A S
%9 conjugante Tc 100pg/mle Sm 100pg/mlE #
b A" R o A FA st o),

C jejuni S437% Ch79 9@ w24 C jejuni ATCC33251
< donorZ &3 & F4<Ql Vibrio parahemolyticus
WP 1, MY73-13 ¥ WP282 recipient2% Tcol 4
AGAPAA fAAALE conjugantE Te 100pg/ml
% Ap 150pg/mlE A7 Ao A FA &k o
AelAs AR +E A

A B C D E

Fig 3. Agarose gel(0.7%) electrophoretic pattern
of donors and conjugated Vibrio parahe-
molyticus plasmid DNA.

A : E coli V517, MW marker

B : Tc resistant plasmid DNA of donor C
jejuni(Ch29)

C : Conjugated plasmid DNA of V parahe-
molyticus WP1 with C jejuni Ch79

SD2 with C jejuni ATCC33251 isolate
D : S43 isolated Tc resistant DNA of C D : Tc resistant plasmid DNA of donor C
jejuni (donor) Jejuni(S43)

E : Conjugated plasmid DNA of C jejuni
SD2 with S43 isolate

E : Conjugated plasmid DNA of V parahe-
molyticus WP28 with C jejuni S43 isolate
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Te 42 Aduwrs F9 plasmids 223t A
9E& 44 A conjugantE ¥& donorrt HH4
3tz 2 38Mde plasmid7t H Yoz Te
Aol A= FAstAR (= 2,3).

a &

Plasmide] g2 #H : & AfedAE FEANA &
21}t C jejuni R C coli 1107 F & 6659 TFo2N-
B plasmidg ¥, E&2 H#R fA ol
76.2%% A %L, & 61.1% 2 £37.5%9 <ol
den, #EHR¥E C jejuni’} 59.8%, C coli7} 61.3
%0l A},

Campylobacter <2 plasmid 2 &l St
Austin®} Trust™7} Atz 2 374 4 72 plasmid
BREE 19%24 FAF] 27E 5~TTMdY W4
g Bad Aol AFelr.

C jejuni®] plasmid 2.f &l 33}l9 Tenover et al'’

& At FEEYE LA FoA 32%, Bopp F°
o] A R FL 57.5%, Bradbury2t Munroe:
NA 5o FE fATFTL 53.8%=2 1y A uw
s B AGAAY 60%xcE g7 ¥k 23y
Bradbury 2t Munroe®7} A2 A AT 73.8%,
w AT 75.8%, «fATE 3l.2%z= 2 st AA
Fe vl AP A (R 2).
GAN AL Je & C jejuni 585 L C coli 652
¥-¢ plasmid& ¥&J3led 2 EAFE A% A5 C
jejuni®) plasmide Y4 3o zbg dEyzA o
F3tA vebgter, EAFE & fAT9 plasmide
0.7~86Md. =1x fAFS 1.3~78Md. & #aFL
1.9~82Mde] H A AH(E 3,4,5 2 63 2% la, 1b,
9 1¢).

Bradbury %'°& Campylobacter] plasmid 3 =
Atell A plasmid B f&& 33%°lgler, FRAFL 1.6
~T0Mde] M9 24 dF29 FF7}F2~6%9 plasmid
£ 243t oz g, ol 9k #L plasmide]
Yy YA e A 8¢ TFE plasmidd
EdozAd gwsted ALY 5+ o=z IHc.
Tenover 578 Atgs} & Rl 79 plasmid ¥4
#& 2~162Kb9) ¥ 9zt dden, 2 & Te W4
9 plasmidE= 42~100Kbe] W91zl 3sick. Bopp
5% o3td FAR2 e FAF FFoAA 37TMd
plasmidE 243 FFE 57 Tc WA TFoldgGn
39l c}. Bradbury$} Munroe*+ =14, & 2 & #=
FogPE ¥ plasmide] ¥AgE 1~86Mde]
42 oofsls plasmide 243 T ER/3HA g2

T2k Ap, Te 2 Gmel sl WALl ¥l
53 HelA 4% Fol 2/ plasmide #Rgo)
30~39Mde] ¥l Teds #asdz shgdd.
Tew 4 plasmide] =.7)e] #Asle] Taylor 518& 42~
49Kbhe] W9 &, Tenover 5% Taylor 5% % Bopp
S5¢ 38Mdez ¥m 392, Tenover.l"& 42~
100Kbe] W 9j etz st v},

B AGAA FAA A AF A FFI B {F plas
mid¥ #3 ¢ 2A¢ A5 Te A dF= HEEo] 38
~86Md W99 plasmidE 2Hstz glges, 38Md
9 plasmid$ {3 AgE 36.4%0l 9. 2 m2
)AL o] ATFAE % Te WA plasmid 27
o d9el AFetdct. dgAE WA4eAAE plasmid
9 2s1s #AFAA FEEA AL o ¢ Te W4
plasmid®] Zrjo] #3ted & 38Md Wt Ao £
ol b, 2y 2 o] Ae S E Az e A
£ pmso] e}, 151

ALY HE: Tc A4 AZA A plasmide] A
AL Tc W4 plasmid?] =77+ 38~86Mde] ¥4}
+ A% 283t 38Md °) A9 plasmidE& R FI T
T FollA 38Mde] & E¥etg B{E T5F donor
o2 A¥3ct.

Conjugationo] 9] %l filter mating™ 5} broth mating
Wo iz Cjejunio] oA HAAZ astE ¢z Te
W4 plasmidE BH#3 C jejuni® donorZ stx Tc
4 9 plasmids} Qv C jejuni$ recipientz 1o
ALAYE AAY A3 Te W4 plasmidy] AL
filter mating*j o] broth matingy oA R &2
W xR AGsge, o] A& Taylo 58] filter mating
Wel Ad4ol Ehetz s A Aokt

Te 4 Ag¥ed AN A2Fe conjugant:
donor?] Teol % MIC 100pg/mle & A= Te

A wydgies, Tc HAol A= A9 plas-
midg 23t A GEFE AT AFAE con-
jugantZ ¥ donorrs} RR3l Ulw 38Mde plas-
mid7k A&2go2x Te WAL AG3Acts AL
A& 4 k. C jejunizt 8% Tc WA plasmid
o A4 37 st Campylobacter %7
v e u& 7% conjugatione] 2§ filter
matingg &2 A2ALE AAR” A} C jejunist C
JejuniZbol & 1074~107%9) ul 52, C jejuni®t C coli
Zhol ¥ 104~107%¢) W =2 WA & AFsd FY %
Zoll e A= Fo)7t YA (E 7 ¢ 8).

o] gt & A Tenover 5'70) Tel4 plasmid
9| BAgo] 42~100Kb9] & conjugatione] <%
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AEAYE AAT AFA 1074~10°Y vz A
stg i A, Kotarski §%o] A4 Fag Tc ¢
Km W49 plasmidsl 107°3~107%2) nix 2 A<y
At AAF Fabske, Taylor '] C jejunis}
C fetus7tol & W AAZ w9 Ho)sl gdidx e
AA%E L3

Tec W4 plasmid® B/% C jujunisl F4o) o0&
Vibrio parahemolyticus, V cholerae, E coli 2 Stre-
ptococcus fecalis7he] A FAY-E AAF A= V par-
ahemolyticusoll &= 1078~107°9) ¥& ulx 2 AI3e
oy & el A2aA FUHE 9.

Taylor 5o ¢3lw C jejuni2]l Tc W4 plasmid
< conjugation ¥ transformation® Z A e E coliol
Agstx] £, Taylor 5202 hybridizationo] ¢
3ted C jejuni®t E coliZtol= Te WA AAS o %
Aol 97 @ Fel Tc WA plasmide HA=3tA £
etz 4ok, 2 Taylor §2& C jejunio)
Tec WA AAZ) 9 Streptococcus M 24 A 71 £ endonu-
clease Hind M, Hinc I 2 Acc 19 QA&7 2
& Xl ALE Falsdvr. Lambert 522 hybri-
dizatione] 23} AU A C coli (BM2509)9] plas-
mid pIP1433 Streptococcus plasmid M2] endonuclease
of W3k ZA7 ol = FZAol Qlon, Streptococcus
9 Km4 plasmid= g2 DNAZ translocation

4 Qe Ae Fsds. o A @ C
jejuniol 49) Km4#9 28& gram AT

plasmid && g4A DNA fAAAY o oo}
3 stg et C jejuni®) Tc W4 plasmid&
plasmid(cosmid vector pIP)¢+ hybridizationA] # E
colio cloning®e 24 TollA < H¥sdctz o,
28]} Campylobacter®] plasmid: ©}& gram &4
THAAE BFv §A7 2 HA 4] g Eel o] E
A g2 Tec plasmid A ZA G| A recipientz A3}
Aelle FA 9v Aoz 4.

o] A5 2 HA o nifo QuiA ez C jejuni
9] Tc W4 plasmide & FHoz AR} &¢
ge Ag FHHAL S0 28y £ AgdAAE 5
o] & V parahemolyticusol| = F& vl %2 Tc WA
plasmide] Ao 7t5agct. =z o|§BAE Vibrio
519 TAAE 2 43dH E4o] Campylobactert
AR Ao| W3 V parakemolyticuss C jejunisd 7+
o] 42°Co] nZ7 A4 ZAAA & ZFAde 59 TF
A E4E F F o FAAA AR #dE
Y FAstA o ¥ Aoz 4o,

primer

o =

Transformatione] 23t C jejuni®] <A A=
A& FEEY] A8td Te W4 plasmids 248
C jejuni% donorZ o plasmid DNAE ¥23}x,
Te Z49 plasmidsl & FYdT% 2 Bidesn
transformation A& A& A3 Tec Ao A%
HA kstet. o8l @ AFE Taylor 5%
9 Te W AA DL cell to cell contactel] €] 3} tran-
sformation ¥ 2+ AZHA gedz 3 442 9
28k ot

1. £8& C jejuni 2 C coli®} plasmid B-§&2
% 60%clged, AT FHEEZE #@A R AT
76.2%, B w8 AT 61.6% 2 ¥ = AF 37.7
%9 o2 plasmidgd ¥ -f3l= ggiet. 7 plasmid
& Bkl [~86Mde g defalgd o,
WA Tl AE EAF8 36~86Mde] ¥ 2 2 plasmid
i EfEe gldoh

2. Filter mating®y 3 broth matingj & o) &3}
tetracyclinel 4 plasmide] HGw=d ¥ zg Ax
filter matinge] 9§ Ao} AT} b Egron,
mating A ZF2 244 7F Bed 48417 A2 d o] A
ol ket

3. TetracyclineWl 4 C jejuni% donor® 3sle] 9
et F 7ol conjugationo] o1& plasmide]
HAZARoAN C jejunidls 107'~107%9 wi=g, C
coliol & 1074~107%9] HIE 2 tetracycline WA & A
watg o, Vibrio parahemolyticuso] = 1075~10"°
ARxe ¥ HE 2 tetracycline W4 ¢ A sl g,
a.8] Y Streptococcus fecalis, E coli, Vibrio cholerae
T W4E AEsltx Esigot.

4. Tetracycline 4 C jejuniE donorz 3le %
A% % elFF 7ol transformatione] ¢ plasmid
AGAGAA, BFF R FLTFNOEE tetracy-
cline W4 & A 23x Zstgh,

 n & #

C jejuni

tetracycline

TF %
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