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Abstract : Among 203 avian pathogenic Escherichia coli (APEC) isolated from poultry with colibacillosis
in korea, 14 isolates were selected from total 68 isolates transferred R plasmid and classified into 5 groups
on the basis of antimicrobial minimal inhibitory concentration (MIC) pattern, farm source and O serotype.
An association between clonal origin and R plasmid of them was investigated by R plasmid profile,
restriction endonuclease analysis and pulsed-field gel electrophoresis (PFGE). The strains that showed the
same or very similar antimicrobial MIC pattern, but different farm source and O serotype, revealed different
PFGE pattern, which seemed to be different clonal origin. And the strains that showed the same MIC pattern
and O serotype, revealed different PFGE pattern, seemed to be originated from different clone. Also the
strains showing the same MIC pattern and farm source, but different O serotype, revealed to be different
clonal origin. The strains that showed the same or similar MIC pattern, farm source, and O serotype, revealed
identical or similar PFGE pattern, which seemed to belong to be one clone. Meanwhile, horizontal transfer
of R plasmid seems to be common in APEC with regardless of O serotype and clone of the strains. These
results indicate that rapid and accurate epidemiological survey of APEC can be possible by the combination
of O serotyping, plasmid profiling and PFGE analysis following the classification of them into groups of

antimicrobial drug resistance pattern.

Keywords : avian pathogenic Escherichia coli (APEC), molecular epidemiological analysis, O serotype,
pulsed-field gel electrophoresis (PFGE), restriction endonuclease analysis (REA)
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2 X882 Y8 vl¢ Fa3 A= dHA AT [17,
18, 26-28, 30, 33-35, 38].

WS E3eE aggAdwre] etz o R I
Aolls XY, oA % A WY 5 28I
E4E 7122 ot AEHQ ol =2 ol&Hoigk
O}, ol g WS 70 FARRE Ao R sl
UA] 237] wiel] T 75 Alolol] 7hHo] E7kss A
7 YeRA =0Tt [27]. 34, plasmid #4712 o)
0] AAANAM ¥aF )7t 19 AlddEsS
dod|= Al 54 9 75 1E 5o AFHe
2 AR A o) plasmide] E-0HEA wjio] g=
AR Al GEtRARIA & o] E F7] oE @ AR oIt}
[9, 29].

olf g HHES FH37] fl8te] 1990¢ o] Fell=
wFre] g I A A e S8 IA PdE
ribotyping, polymerase chain reaction(PCR), restriction

endonuclease analysis(REA), pulsed-field gel electrophoresis
(PFGE) 59 ¥ARE3H4 Ay o] ag3dwe] o
At 7EX7F A= Ao E DEA gt [9, 15-17, 26-
28, 30, 32, 35, 36, 38]. °|1& % REA:= &aAl WA
248 S Y3 U= R plasmidE9] 594 <
52 ylotslr] 98l R plasmid DNA G71499%42] G-
A-A-T-T-C palindrome 915 Alglzo =z z=2& A8
F4 EcoR 1 5% o83t plasmid DNA 2AH-& Bl
A eHE WO 24 R plasmid7}b §F #ollA TRE #o
2 Agyo] 7o WASE AT B9 2 798 F
Aete F8% A Fo PR &8l AMEE
3L ST} 20, 29]. H=3F PFGEE <2 iAo -+
ol o] &Fe= EA A Ao R o] w
2} uf-§- SolHojolA A AW ostzAtolA Al
9 A= mUEE sked oM 1 2o 43S
HAFa 9le Aoz gdEA Ao [25, 27, 38].

H AAF R 7 HeA ool tis 93tz
APE AP ESE WPHO R o] ROl AL Q= FAlo
[26], =M= A& B4 (4, 6, 13, 14], X F
[2, 4, 13], A 24 L WARE 13,5, 8, 12] &
AEAR Wgo] 7} Ho] AxjEe] gtom, H7l
EAAETE WEE o] &8 A= A9 e AAol
o [7].

mEhA 2 AFdME 7 A g 2
3 Yel= 7o 27 2ee BYAd wdd
oz AEZ WhHel O group HE 2 A
A ZAAkeE EAAESHE w9l PFGES} R plasmid
P& ¥ REA A3} 58 Ha #48t] 7= e ol
el 22 fFdl % R plasmidete] A8 AL
A vl 2 232 Busla) g

A

oY o ofy

=14 =5]

Mz o

AlER

7 AR SRR AR 2FAWE AT
Aol AT oF o] 7 W% k| 7}
=9 AAY2RYH AdS Bl £, 4 5 1
o o3 Al A O B Y ZALE S35t
PAFOZ 5HE 20355 O E R plasmidE A
3k 68F F °l& 9| transconjugants®] Cm, Tc, Sm,
Su, Ap, Tp, Km % Gm % 8% atAlo] gt 4
A& % (minimal inhibitory concentration; MIC)7} ‘&< &}
At vl FARE 5 MIC F38HEE £R/31, o&

o439 EEU@EYAY, 5%, 53 0 €43 58
71Z2 &t Add 1455 570 groupl ® EH3IIT
(Table 1). Group I ++ #2] ¥¢3% 0 3P| 77
o2 45, Group II= o w8 572 thE2X%F 0 €%
@ol & 3%, Group It Vi 242} & F7olA Ze
® #o2 0 FYo] 02 2%, Growp IVE & 5%

oAl EEE HoE 0 € Yo] 22 357N

Plasmid DNA2| 22| & X&t54 Xz|
Plasmid DNA2] ¥2]= Birnboim3} Doly [21]9] ¥

AS 1.5mL FH3F] 12,000 rpm Oz 5E7F 94 3
HAES 100 uL] lysis buffer[SOmM dextrose, 10 mM
EDTA, 25mM Tris(pH 8.0)]° F-f-A1Zitt. A2 5
E7F G AA1Z 3 200 pLe] alkali SDS -8-2%(0.2 N NaOH,
1% SDS)S M7kt 527F daoll WA 150 uL
9] high salt €< (3 M sodium acetate, pH 4.8)= 3 7}3h
< 5w Aol WA ske] whals) ariExlEke] RNA ¥
HAA] DNAS AZAZATE 10827 94 & dSds
3]4=3te] &3] phenol/chlorform/IsoamylalchoholZ %]
Y3 o oAl 1027 dAlgE & ASH S 3]st
800 uL®] ethanol& F7}ate] 5E7F Aol WA A|A
DNAE 37T 294 F AL DNAE 70% ethanol
I mLE A1H3}3 AZA% 5 RNase(d pg/mL) 50 uL7}
Z71e TE buffers 37Fsko] 37°C o204 3087F wF
SA1A RNAE AASIAT 0.7% agarose gelS |25}
o] 9% Y574 (Mupid; Advance, Japan)E ©]-8-3}]
100 VellA] 6027+ 271951 5Tk

Plasmide] A|gtast AHZE 8] SF/HF
plasmid DNA®|| #3824 EcoR 1(TaKaRa, Japan)©] 7.5
unit/ug= 3 7FE buffer C(TaKaRa, Japan)g o] 37°C
oA 607+ WHS-AIFITE. 0.7% agarose gelE A 2}sl
89 mM Tris, 89 mM boric acid 2 2mM EDTAZ $H+
3= bufferdllX] FEE FFIXE o83k 50 Vel

=0]
AR
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PFGE

PFGE= Gautom [27]¢] % of| w2l AA| &t Luria
bertani brotholl 4] 3H73F vl <t o+ SE buffer(75 mM
NaCl, pH 8.0; 25 mM EDTA, pH 8.0)& 4123} th& 2%
InCert agarose(CAMBREX, USA)$} 1:1(viv)E &3}
o agarose plugE A28t} Plugs lysis bufferdl] &
71 & 55°C water batholl 4] 20A]17F ¥+$-A171 3 TE
buffer(10 mM Tris, pH 8.0; 1 mM EDTA, pH 8.0)Z 43]
MAsIAT. A AE plugE Algta 4 Xba I(Roche, Ger-
many)2.Z 37°CollA] 20417+ X]2]3F genomic DNAS
AT 1% SeaKem gold agarose(CAMBREX, USA)
ol plugE %23l 0.5 x TBE buffercllA] CHEF-DR 1II
system(Bio-Rad, USA)S- ©]-8-3} initial pulse 5%, final
pulse 40%, 6 V/em, Zt= 120°9] Z7A 22 12°CollA 20
AlZF 71953t

2 I

N

= 943 di7d=tell tist clone?] f2l ¥ R plasmid
9}o] APIE Yol 7] 913l transconjugante] A
g MIC 3, ©1& #+7¢] 22193 0 €4% 55
71%= &} R plasmid ¥ PFGE A2& #2413 Ax=
o 2k

R plasmid profile ¥ restriction endonuclease fragment
pattern(REFP) 24

A 1457F B33 = R plasmide] 5 <
£ 31317 23] transconjugant®] R plasmid DNAS
gste] A7) 53 A3 FHe] FdeE YebThFig.
1). Group 19l 48t 455 pVE2613} pVE4310]A 722
FH(T23)e] WMEZF YERESH, Group 119 ¢ 35
(pVE1891, pVE2031, pVE2041), Group III°| <3 23
(pVE1641, pVE1661) 2 Group IVell 43+ 352(pVE1361,
pVEI381, pVE139)ell M= Z+2t T48, T58 2 T6H S
25U o] M=) Yebgttt 3 Group Vol &
3 23 (pVEIS31, pVEI8Sol X+ z+z T7 & T8H L
2 ol e ME=rt el

A3 g9 transconjugant R plasmid DNAE A8k
4 EcoR 192 Hdhst & 7] 953l DNA &9
}S ¥ 28 REFPE Fig, 29} 7Z+o1, o]5 DNA #3
Jo] fo] e 7% 5L plasmidE EA31aL Q)
Aoz FAsA 128, T48 ¥ T58S Jehd
transconjugant®] R plasmid DNAS] REFP= 717} R23,
R4% 9 RSP O 2 53 YERT Group 12 VE263%

1=}
T
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Fig. 1. Plasmid profiles of transconjugants showing
identical or nearly identical minimum inhibitory concentration
patterns. Lane M: KE327, Lane 1: pVE21l, Lane 2:
pVE261, Lane 3: pVE431, Lane 4: pVEI881, Lane 5:
pVE1891, Lane 6: pVE2031, Lane 7: pVE2041, Lane 8:
pVEI1641, Lane 9: pVE1661, Lane 10: pVE1361, Lane 11:
pVEI1381, Lane 12: pVE1391, Lane 13: pVE1831, Lane
14: pVEI851. 1 to V, T1 to T8: See Table 1.
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Fig. 2. Restriction endonuclease fragment pattern of R
plasmids extracted from transconjugants by EcoR 1. Lane
M: 1 Kb DNA ladder, Lane 1: pVE211, Lane 2: pVE261,
Lane 3: pVE431, Lane 4: pVE1881, Lane 5: pVE1891,
Lane 6: pVE2031, Lane 7: pVE2041, Lane 8: pVE1641,
Lane 9: pVE1661, Lane 10: pVE1361, Lane 11: pVE1381,
Lane 12: pVEI1391, Lane 13: pVEI1831, Lane 14:
pVEI851. I to V and RI to R9: See Table 1.

VEA43, Group 112] VE189, VE203%} VE204, Group I119]
VE1649} VE166> 717+ 252 R plasmidE 33kl 3l
= ez FAT & JdY. 1632 YeER transcon-
jugants®] R plasmid®] REFP= 712 R63 % R73SZ2
YEl} VE1387F VEI139= Z2 R plasmidE 37312
RE Aow FAHE F Jou, VEIZGS o3 T
plasmidE H-R31aL Q= A2 YT
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Fig. 3. Pulsed-field gel electrophoresis patterns of Xba I-
digested genomic DNAs of E. coli isolates from poultry.
Lane M: lambda ladder, Lane 1: VE21, Lane 2: VE26,
Lane 3: VE43, Lane 4: VEI188, Lane 5: VE189, Lane 6:
VE203, Lane 7: VE204, Lane 8: VE164, Lane 9: VE166,
Lane 10: VE136, Lane 11: VEI138, Lane 12: VE139. I to
1V, A to H: See Table 1.

PFGE £4

A2 PFGE Z 3= Fig. 3042} 7+] Group 12
4FFE BF U2 d4A, B, C, DI)S YeRfe] 7+
7} OE clonel Z2HE FH3 4YS ¢ & AUk
Group 119] 3¢5 3 FUolA #2¥ VE20334
VE204= 3W= o]&te] xfo]lE Hole fAKSE YHEL
Pt E23)S YEllo] AlsEAEE o= FUgt clone
SBRE fH #32 FHHJOY, T2
VE189%= ¥do] wl-¢- 22kD2¥) T} cloneC ZH-E
FeE 2 IAHAY. Group Y] 274+ A2 o
2 PIFY, GF)S Vel o] A2 tE clonel ZH-E
FAEIAIL, Group IVE] 3¢5 BF 22 FFHE)
o2 yephdo] uel 53 cloneC ZHE Fd o
2 F39AJh Group VO] 2dFE FAIE AFtas
Xba 192 genomic DNAZ} AHH=|=] ¢¥o} clone el &
HlwakA] Xkt

E3Y, X WA, R plasmid analysis % PFGE A}
o[2] oizty

37| REFP 3! PFGE A& 22| 54, @39 3 &
A g3 Bdste] JE|g A= Table 10149 2
t}. Group IollA] transconjugants®] MIC 82 F5U3s
A FARBIIAIRE M2 e sl Ze=Eir €

-

o) #Ael o

< 243

S

F¥o| 2 #52 PFGE Y= 27 th2A vepd
o W} 475 5 M2 & cloneC Z5EH g F
T2 IR ¢, o]E #F F VE263} VE439]
R plasmidel] i3t REFP7} T3ty F 45 543t
R plasmidEs EA3lL A 202 FA =T

Group II94+= transconjugants®] MIC 83 €43
o] o} it #e Tl v& A% PFGE Fd= ot
27 Yeh} M2 92 cloneC 23E 3 Foldo
LH(VEL89, VE203), 7 #-2] &3] 22 7<= PFGE
ol 3 M= o]ale] o] Hole FARE S
Effio] EL3 cloneS ZHE FEig #dS & 5 3
SATHVE203, VE204). 3, o]E 3¢F2] R plasmid|
REFP7} T¥ &1 Yehte s 5% FU3 R plasmidS
TR e Aew FHEAY

Group MMM = g &3 WA E2E 2=
transconjugants®] MIC 32 7o} o] v 74
% PFGE W= gt 77 thE cloneX 2 5E st
5o, T3 R plasmidS B3 e Zlo=w
F4 =AUt

Group IVolX = & &4 oA E2dE #o=
transconjugants®] MIC 33 3 Fo] L A+
PFGE Y% 7ol 5YU3 clonee2HE Fag o5
2 F4 5, R plasmid®] REFPOIA & R63 R7E oF
7+e] ApolE HATHVEL36, VEI38). ©]:= R plasmid7}
A B tE #o2 o5 uf fAte] dxvt A
A =AY 2 plasmid®] ARk} A xF o] dojd =
o] thatke] Wsrt E Ao R FZEr)

Group VI E 3 5% WollX 29 F° 2 PFGE
& aE F= ey, @3 3o 9t A2 Y- clone
og2Ry fid #FE FH=HY, REFPE A2 g2}
plasmid®] A2 YH o2 1A

| &

7 ] Bl i UES EHoE A
3171 913l o] 7] RS 085 gkRApE *
o] gkom T =A9| Ewers 5 261 Y B4
HZ3Rk= PCR, DNA hybridization % PFGE 5 #AH4
37 WS o] &3k AR FEt e HEA
N3 Ao A E 9% 712 AEE Alssii

o] Aol BA-38tal U= plasmid Y2 4
H A AquelA il dAs e ® BaE b
[22, 23], plasmidE #4]3t] 75 7dste Wl of
A3t [10, 11, 24, 371 L Salmonella [9, 18] 5 AWAl#+
o] Gl &3 o]&= L Tt 53] Baggesen
5 18] A 5 912 FAA B A Fe) plasmid
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profile®] L s 75 AE3lA ol #F5 o=
PFGE 5% A A3 54 clonedlA frefid
Salmonella typhimuriume] 47 =< WYj¢] 2] =H=| &
oA Lo R Agahe AS ISk & AT
ME 7 YA S e R Al UAdH
Po] FUs #55 483l R plasmid 2 PFGEE
2338k A3} Group 12] VE263} VE43, Group 112] VE189
3 VE203 57} L% R plasmidE EA3tal 3lot
M2 TE cloneC ZHE FHE #02 gRIE o] HX
72| Salmonella typhimurium3= €] 71 57371
WY didwe] duoks 24T 5 stk

Group 12| VE263% VE43 o5& 2tz 5 A3 7
5 98AYg = SAEFAA BelE #Fold, o5
T #F7F EYE AT AR TE A9 FAelA
AbE TG o]gste] Mg A7l FYE Hsbg
< 7Zfrste] 31 Altolnt, mEkA T oA &
1l YU R plasmide= ©1E Al] o] WolEE At
ool F-frstal AR hg=tel FeiE R plasmidE W
f3l2 J= Aoz FZH o] R plasmid9] #HF
29l FYA o= DNA hybridization == 3212
F7NNE B4 T8 FUIE At FRlE o]z of 3t
WA g, F8lgo] £4 R plasmide] Aago 2 =83}
o 7} T4 elA Eitels 7o g F5Ed wet F
PR B4 By 299 iy fAAE Sket
+ plasmid®] 7A17F B e sltta AJzhE ) $HE, Group
11¢] VEI1899} VE203 ool thsiXe= 71 AR7F &
%3t ojHl HARE 53t R plasmid7} AEEH A=A
Ags] & 7= ATk
o]2]gt R plamid®] W& 537+ #5= Alo]of|A]
9t oYz}, Group IM(VE164, VE166)94 ¢} 7o) 3t
Aol A T cloneZHE FelE a5 Alo]ollA
yeltth Wb R plasmide] 83 o]52 w3
T W 25 Atelold A dojve A& &

T ANeH, ojfg A= AW X5l Fag
FS VA A WA Ada d-bEERE
7Vl S B AHRS 2T ¥ ol 7t
= frefeolA ARt el o2 WA deE 7
T AR Al AW X85l oS U vt
Ae Zo R AlEE

S, A 5 (1112 diEPE e dA7HAENA 2
St Enterobacter spp.2] AZAE S8 A WA,
&3 9 plasmid profile©] & Y3 Enterobacter (E.)
cloacae 1055 85t o|& FFollA £2] plasmid
E Afas A & TS IS A9 A F
At F44-S UERlo] TUs 7= IPsiih o
A 5 E cloacae?t & thElE <l Yol a3k

¢

i3
=
3]

of O Y b off M

A48 - 2714

o] ERI=AAL, 2 9 U F12] Enterobacter sppi= 3
Aol we} teFe 43S Yehlo] dife] e
M) ol 2g Aoz IRl B AT Ao
A1 % Group II(VE203, VE204), Group IV(VE136, VEI38,
VEI139)ellA e} 2ol 71 M4 o] 3 3ol
A W38 R plasmid Fde] FARIAY 5L3s 7
$- 54 cloneollA frele WA td<re] 7 g+
o ez Zgatar 9l =
[1119] Az} A9 dAehe ZE & F YA

Ewers & [261 7H= W4 didd3 7P 4ukd
Q HPo 2 &HA JE 01, 02, 078S Wde =
PFGE patterns #415F A3 §4 @33 ¢] 54 PFGE
patterng YER = 259 trt &34 €22 0 &8
83} PFGE patterne M2 F3A40] e Aoz B
3IEh 2 A7 E 0 Y] 5T A T
HE PFGE o] A9l fFAREAY TdsHAl Uefge
2(Group 119] VE203 2 VE204, Group IVS] VE136,
VEI38, VEI39) Ewers 5 [26]¢] A3k} vl$- A8 A
o2 Yehd v, & w7 oA @Y Aol
Y3 FY3 cloneC EFE FHE #FE Holx
et Ag AlsEh

Tabatabaei 5 [37}& /45730l e HollA] 2
tgtoll thske] plasmid profile®] SH¥A] WA #3332
YA Hop o 7P {88tk Basilont, & A
HollM = A WSS 2 EHE, R plasmid’} &
daAY AR 73-9-9%= PFGE 13 °] E2H(Group 1T
o] VEI89¢} VE203) PFGE ZA3}dl] 9|8t 5 78 &
= oA A, @4E 2 plasmid 4] B} 943 A
& AUATE o] AHE FHE B v W
Ato] AstALE Q8| A Wi A3E ol
Ado s @5g A¥sty A¥E @55 o
0 839, R plasmid 2 PFGE £4]& A9
s w71k 7k M i+ 2 R plasmide]
o 3 JFAE B} gHF o A4 Fg
T UE Aog Yyttt

)

[ez09}
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3t
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2 o
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ok o[ﬂ

z =

7 B didstol tigk 229 f2 % R plasmid
ofo] s dotry] flatd S g+t AEAR
1= 2

1=}

n

T % °lE o7 I#A MICHE, E2le 2 0 8%

Y 5L 71%Z 3l 1475 Adsle o) 2oz &

F3k3L R plasmid profile, REA 3! PFGEE XT3}t
A WS Y e fAkeht #E5dE O

HH o] & FF+E PFGE o] z2z gt A= o}
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