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Aduigtn o FAdE rlAESTHAA 235 ¢
AN AER RE B8 A Enterobacter 27 F
Aol A2 A 71FL Ewing®e] wWof
3tk

2. gRMATY Al

Chloramphenicol(Cm), tetracycline(Tc), strepto-
mycin(Sm), ampicillin(Ap), trimethoprim(Tp), ri-
fampin(Rf), gentamicin(Gm), amikacin(Ak), kana-
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mycin(Km), tobramycin(To), cephalothin(CIt), ce-
famandole(Cfm), moxalactam(Mx), enoxacin(Ex),
norfloxacin(Nf), ciprofloxacin(Cp), ofloxacin(Of),
pefloxacin(Pf) % nalidixic acid(Na) 5 19% &3
Aol At 254 AALE AAEF T e HAE
Steers 5!Y9] muitiple inoculator® o] &% &4 3]
Y (agar dilution method)oll #£3te] HAW& X
As=(MIC)E dAstgon, o Agvid I=H
2o] AL 7137 3t ATCC(American Type
Culture and Collection)2] FFFF S aureus
ATCC 25923, P. aeruginosa ATCC 27853 % E. coli
ATCC 259228 ¥ AH-&3ted A &tk AT
%38 NCCLS(National Committee for Clinical
Laboratory Standards)®] #371EF2e] F3l9 1,
9 50% R 90%MICE 3 Z Smith S®o] H A
el wel 4hEst o

3. HEoll oE HATEHAL

Aol g A2 WAdA=E HALEHY] Y3ty
Aagdez 2zt oAlde 7AEAoly Rfdl |44
A WAIQ E. coli RG488F Naoll G A A4 hAdel
E. coli ML1410-2- A}4-3t ok A eul 2= Mueller-
Hinton 384l ) (Difco Co.)oll Aol wtz} 15—20
pg/mlel 2t A ofalel HAagdol WAl Na £
Rf& 50pg/ml 4 A7kt WA Agde A
gavte] A3 5 A Sk hidEA 49
o3 AL deui x| HEso] F4A @
& AP G,

4. Plasmid DNAS| &2| ! MI|gs

Plasmid Z4& 984 Kado®} Liuel ¥w&
o] &3} plasmid DNAE &4tk A7 Ig9Fe
0.7% agarose gel(15x15cm, agarose type I, Sigma
Co.)® TBE buffer(89mM Tris base, 89mM boric
acid, 2mM EDTA, pH 8.0)& AM&3ted 433
FAAE 90mA, 100voltE 5417t submarine elect-
rophoresisE 4 A13} ). Plasmide) ¥ (&
A3t vl 9§ Alwit} R1033(45mega dalton: Mdal),
RP4(38Mdal), R1(58Mdal} 59 %% plasmid
DNAE &7 9FAAT 9E5E gel2 05pg/mle)
ethidium bromideZ FMAIA A FAZIE A}
8-8ta] Alz# A3l plasmid DNAS] gAY E
¥ 5= plasmid DNA %45 A &) 9} 9] linear regressiong
o]-§3te BA#Fg ALstAt

5. MBEAx2|0f 25l R-plasmid DNA Zo
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A ALY E Y3 plasmid ¥ 2l & Birnboim#
Dolye] #me] whgtch 37Cel| A 16— 18412t o]
FE Y 15mlE AHAZ F AZAHAE lyso-
zyme& 9 (50mM glucose, 10mM EDTA, 25mM Tris,
pH8.0, 2mg/ml lysozyme) 100ulE2 H-FAZE al-
kaline-SDS-8 (02N NaOH, 1% SDS) 200uE 7}
o] F EHT F 3ol 5ET wAEA T 150
ple] high salt -8 <4(5M potassium acetate, pH5.2)
< ¥ 587 12000rpmo 2 {AES F3Ae
3] 4%} t}-2- phenol-chloroform mixture 2] ¥ 2.5
volume9] ethanol-& 7}3le] 1587 9413l DNAE
Ad A7k DNA #AE vacuum desiccatorsl) A
23| @e] RNase M2 ¥ Altasxe g st
A 3+ & 4= BRL(Bethesta Research Laboratory) A
EcoR 13 HindllE A8 AH&3ATH SF5o
<] DNAo) Algta A9} oo A bufferE I
7 & 37CoA 90¥-3ZE ¥HE A7 type 1 gel
loading buffer(0.5M EDTA, 0.25% Bromophenol
blue, 0.25% Xylene cyanol, 40% Sucrose)ZE H7}
3t whg-& FA A7) thE A 719 55 H T, Gel 9
e AFELY W 08-1% BZE I F
By 95 AAZ 25mA, 20volt2 184] 7} submarine
electrophoresis &t @ch BA4%F A& ¢sio o)
A71gEuich AFEAC AH lambda DNAE
size marker2 A}E31g )

4 o

2% A7t =R 22 ¥ Enterobacter?] £
NI E ¥ 19 Jepch RelRlEe F 42%

Table 1. Isolation frequency of Enterobacter species from
clinical specimens

Strains isolated

Specimens No. %
Urine 16 38.1
Sputum 11 26.2
Wound 7 16.7
Catheter tip 3 7.1
Ear 2 48
Eye 2 438
Throat 1 24
Total 42
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F oMy 1657 ¥elso 381%2 7HF %
on, O ggo2 A 113(262%), FIEH 7
F(16.7%), catheter tip 35(7.1%) &<IUch.

B 2¥ 19% 9 gd A d g dds MICHH
a2l 90% R 50%MICE ehi it Mx, Rf 11
231 quinolone A g ekl Ex, Nf, Cp, Of Pfoll=
WA #F&7F elem, Gm, Ak, Na, Tc, Tpelle
71-214%¢] #& WAL E B9t Cfm, Km, Sm,
Cmole 262%—429%< WAL, Ap, Clt, Tool=
476-69%2 &L WS Ve MICH =
quinolone A A& A2l ¢ o oFANA H4YH
2FA A ABHRYIFAFETA L H
E Yel e 90%MICE Ex, Nf, Cp, Of, Pfoll A
AP LA T ol3HE JeEhI]I Mx, Na Rf
e AT AA7IEX o3 E Jehhich
W%BMICTt AYHDGA TR A G &

A& Ap, Clt, Cfm, Sm, Km, Cmo| %t} & 3& 19%
& Ao ¥ Enterobacters) WA FE S Vel
th AYF 4285 FAA 71 BL oAl ohef
ARAE JEFAAL 11394 F CmTcSmApTp-
NaKmAkToCltCfmell 4d-& vetd FF Hew,
19% A ZF Fp4Q0 TFE 757 A9
WAAGHY Foe 48 34F F 16594 pla-
smid9] A o] Yo 47%2] WAL ES e
WAtk 1@ 1L Enterobacter2 ¥-¥] ¥l ¥ plasmid
DNAS A 719g%E4oltt Lane A-D, H-K+ Entero-
bacter plasmid DNA©°]® Lane E& £ A5 58 mega
dalton(Mdal) 2} RIo| 5§, Lane F& &2} % 38 Mdal9]
RP4, Lane G #2413 45 Mdale} R1033¢] 9454
ot} & 4+ 7} transconjugant®] Phenotype mar-
ker®} 7} plasmide} ¥A%E& vepd oo Z
transconjuganty= 43.1 MdalolA 834 Mdalr}o] 9]

Table 2. Antimicrobial susceptibility of 42 strains of Enterobacter

No.(%) of MIC(ug/mi)®
Drugs®
resistant strains® Range 50%
B-lactam antibiotics
Ap 29( 29) <2—>256 >256
Clt 29( 69) <2—>256 <2
Cfm 15(35.7) <2—>256 <2
Mx ol 0) <2— 16 <2
Aminoglycosides
Sm 16(38.1) <2—>256 4
Km 18(42.9) <2—>256 4
Gm 7(16.7) <2—>256 <2
Ak 9(21.4) <2— 16 <2
To 20(47.6) <2—>256 4
Quinolones
Na 3( 7D <2—>256 3
Ex o 0) <05— 4 <05
Nf o 0) <05— 2 <05
Cp oC 0 <05 <05
Of o 0) <05— 1 <05
Pf ol 0 <05— 2 <05
Others
Cm 11(26.2) <2—>256 3
Te 7(16.7) <2—>256 <2
Tp 5(16.7) <2—>256 <2
Rf o 0 <2— 16 14

# Abbreviation: see text.

b Criteria of resistance were determined as described in NCCLS.
9 50% and 90% are MICs required to inhibit 50 and 90% of the strains respectively.
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Fig. 1. Electrophoretic patterns of plasmid DNAs from
Enterobacter(0.7% agarose gel electrophoresis,
90volt, 3 hours). A. 90En9, B. 90En10, C. 90
Enl2, D. 90En13, E. R], F. RP4, G. R1033, H.
90En14, 1. 90En16, J. 90En18, K. 90En21.

s 712 1049 plasmidE 7FA I U
CmSmApTpKmGmAkToCItCfme] 22 WA mar-

kerZ 712 pDE90092} pDE90182- 589 Mdalel &
A BatEe] plasmidE 7FAT gl ow pDESS
118 2 olE7 Fdatdouy WARFANA
Tpoll Z4Adolm Teol A Aol 23irh. pDES
8037 pDE8810& phenotype marker= %3tot
plasmide] E##FE& 771 Mdale. 2 Ex3e 5
&}t 1Y 2% Enterobacter®] R plasmid DNAE
A A A EcoRIS 2 Hehsted 218 8E W7 d58
Aoltt. Lane D 21—35 Kilobase(Kb) Alol2] 6
Me ARG 7 A= EcoRICE AraLHed A
DNA size markero] s, lane A-C, E-J& Enterobactey
S#e) R plasmide] EcoRI #A&aA Hgdoz
phenotype marker®} #Ago| we} vheFd Hok
FdE& velden $¥FeE 5-UWHE Ve
ot 28 3& Enterobacter®l R plasmid DNAE
AFEL HindlI 2 Aste] 7719455 £8740
t}. Lane G A A EcoRle 2 A9 A DNA
size markero|™, lane A-F, H-Ji= Enterobacter

Table 3. Antimicrobial resistance patterns of Enterobacter species

No. of drugs Resistance patterns No. of strains
resistance
11 CmTcSmApTpNaKmAkToCltCfm 1
10 CmTcSmApKmGmAKToCltCfm 2
CmSmApTpKmGmAkToCttCim 2
9 CmTcSmApKmGmToClitCim 1
CmSmApKmGm ToCltCfm 1
CmSmApNaKmToCltCfm 1
TeSmApKmGmToCltCfm 1
7 CmTeSmApTpKmClt 1
SmApKmAkToCltCim 2
6 SmApKmAKkToClt 2
SmApKmToClitCfm 1
5 ApKmToCltCfm 2
ApNaToCltCfm 1
4 TcApTpKm 1
3 CmApClt 1
ApToClt 1
2 ApClt 5
SmAp 1
1 Clt 4
Ap 2
To 2
0 - 7

Total

L
oo
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Fig. 2. Restriction endonuclease EcoRI digestion pat-
terns of R plasmid DNAs from Enterobacter
(0.8% agarose gel electrophoresis, 25volt, 18
hours). A. pDES018, B. pDE9016, C. pDE9013,
D. lambda DNA, E. pDE%012, F. pDE9009, G.
pDE8810, H. pDE8803, L. pDER502, J. pDESS11.

Fig. 3. Restriction endonuclease Hindlll digestion pa-
tterns of R plasmid DNAs from Enterobacter
(0.8% agarose gel electrophoresis, 25volt, 18
hours). A. pDE8811, B. pDE9018, C. pDE9016,
D. pDE9013, E. pDE9012, F. pDE9009, G.
EcoR T digested lambda DNA, H. pDE8810, 1.
pDE8803, ]. pDE8502.

#He] R plasmid deHo s 8—1670¢ HHS
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APa Lo wel ciFalA el Phenotype
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88037 pDE8810e- A& A EcoRINA H@4to
Aol FdsiA Jvebhdon AREA Hindllz A
DELE dolle 7t Aol Hold wlsd Ay
%42 BYrh

a #H

Enterobactere= %%, S 27}, 7832 SS9 glo)
vegx F8 dUFEE dodle sog g4
Ak, oglte] FAH dHe g 9Tl g W
A 2 FLagAA AL FriolAg 5
o F7t8 Ao HYPHAs&EFI} Z7lE o
FuUizg el F8 40l B4EHA ANTEY A5
T & AA 8L Enterobacters. 71 E840) galAx
Atk

7} Y47 B ol X o Enterobactere] Bz &
Toala ¥ sputum, urine, wound?] 4208 B
g ot ol APl M urine, sputum, wound 2]
T2 2 e 99 lele Holu 32 o] A7}
ZHAE N EelEg g5 A AgTel A
WAdE el Aol Aol Algusd upet
F7HEYE AL oln] W dERA Aol £
Ut e Aol Af o) Harg ALE, 2 &
o8 A9 thefAWAge] ndgm e A
A olct. Enterobacter?] B-lactam3-a & A g} kA
of g WAL chromosomal inducible(Class 1)
P-lactamasesl] 9% Ho] Wrhe ol & A itk
51020 o] Aol A B-lactamA| G 2] 37 A F Ap, Clt,
Cfmoll= 357-69%9 ¥ WASZE Bgoy Mx
& A o] Ao 2 veht Mxo| Enterobacter
HdEEe AR ol F4E Aoz AAHYLH,
E3 Nag d9e] A28 2 E quindlone Alg &
A s RfAE 0-71%9] WAEE B A7} o}F
F& o E AtgHdn. Fo WA RE &g
Holle o dAUANEE Fosx¢ ZMIC &
3] 90%MIC7} #43% AHE o]&Hx o} o] A
ol Ap, Clt, Cim9] 90%MICE 25 >256ug/
ml2 JEATYFRAFTE oL uehfo] 128
pg/mio) 23 M3 Muytjens 5203 gxjstgon
Mxe] 90%MICE 7pg/mlEZ o] H]5§ ZAAE 1}
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Table 4. R plasmid profiles of Enterobacter species and their transconjugants

Name of Phenotypic Molecular weight
R plasmid marker (Mega dalton)
pDE8501 CmTcSmApKmGmToCltCfm 50.5
pDE8502 CmSmApKmGmCitCfm 67.0
pDE8802 SmApKmAKkToClt 431
pDE8803 SmApKmAkToCltCfm 77.1
pDE8805 CmTcSmApKmGmAkToCltCfm 62.2
pDE8810 SmAp 771
pDE8811 CmTcSmApKmGmAkToCltCfm 58.9
pDE9008 SmApKmAkToClt 65.0
pDE9S009 CmSmApTpKmGmAk ToCltCfm 58.9
pDE9010 TeSmApKmGmToCltCfm 834
pPE9012 SmApKmAkToCltCfm 619
pDE9013 ApKmAkToCItCfm 89.0
pDE9014 Ap 524
pDE9016 ApKmAkToCIitCfm 78.7
pDE9018 CmSmApTpKmGmAkToCttCfm 589
pDE9021 SmApKmAkToCltCfm 49.8

Table 5. Restriction endonuclease digestion patterns of R plasmid DNAs from Enterobacter species

Name of Number(& molecular weight range*) of DNAs digested by

plasmid EcoR 1 HindIll

pDE8502 14(30.3—-34) 11(31.4—3.6)
pDE8803 8(27.1-6.6) 7(31.5~6.8)
pDES8810 8(27.1-6.6) 6(30.3-9.3)
pDE8811 14(438-4.1) 11(35.7-4.3)
pDES009 16(33.6—3.6) 12(344—-3.8)
pDE9012 12(30.1-4.8) 7(36.5—4.8)
pDE9013 14(30.7-4.9) 10(32.1-4.7)
pDE9016 12(20.1—4.8) 10(32.1—4.5)
pDE9018 12(336—4.7) 13(342-36)

* Kilo base

Bt WAddF7E ¢ F gdd Ex, Nf, Cp,
Of, Pfe] 90%MICE =5 <05ug/mlz AP H 13
FAFE ol3tE Jedo] 453 $4% F7a
g 7Y # &S AIAFBIE 2.1 ol Muytjens
52, Eliopoulos %%, Chin $2¥% U3 ZA#HE
Bo] ok 7iek A9 A FolA HAFEFES
A e Rl em o9 90%MICE Muytjens
520} E. cloacae 5 4F 2} Enterobactero] X B.11 gk
8—64pg/mla} ¥] =% 15ug/ml-E Ve T} 0] 2]
Aog B Enterobacter?] 78 % * &&= Mx, Na,
Ex, Nf, Cp, Of, Pf, Rf 59 Atgo] #o& Aoz

Atz g

ol el AFYol gL Az HFoAH
AHg-T GEe WAREAS 298 & Joe=g
AR e AHgoez HOF YTy 29e 94
Blojok & Aolo}, 3 TRAH A F£HL 9
A e s H T olof Bode oz L&A
R plasmid DNA®] #3083 2 ExAN4E%H 54
T e AFE A FANAstY #
AAR YoM el ol & ol Fojo} Frt ol A
oA B A M= Enterobactere] ARG EY
< AN3Ystel LA R plasmidE AAMst HAG



ZAE - N¥7 - N Enterobacter?] B AWg fAxS] 243 54

goz o] o]fo]A R plasmide] AFEL A
ol 28 Aege] HEEMOZ o]Fe] ExMAY
B33 E47EE Algsigrh el of% WA
A4y 23 Nadt Rfo A o] gle 34F FllA
1657} plasmid & A& 3te] o 47%2 WA HE & &
UER e vl ol Enterobacters] W43 A 7] 4 ol
A3tel 9§ AGA R plasmid2] A u}7}b kA A3}
7149 F8 A& AAste Aoz AAHIA
o R dEo s HHgdeZ AYE R pla-
smide] FAHAAE8A £4& 498 AT
2 BH R plasmid DNAE #&]38}d Hr|g5YPo 2
EAF A3 giEe R plasmidEol #23F 431
—834 Mdalo. 2 3 5, A 52 o] Ew0] B g
E. coli T2 & FHATED v F9 plas-
midE ©|th plasmidE AFEALZ AGH F A
719%3le] Aed DNA HHe JdE5A4L vug
A} 8}+= restriction enzyme analysist o1 $H ol A
R plasmid7} «2] & doz HAmse] #9 Y
Az 2HE 9 ol W A&8H F4 F Mo-
lecular Epidemiology®] Z8 % A4 yHog A&
HI Qs olyg AFALFDEE ol &3ty
BaANAde] FHH mat R plasmidEol Az
o= x e Aol 7FXN=A9 epidemic straing)
EA o 3 ATE AW JT EHo 2 GAA-
TTC palindrom %98 d9g3og Adde EcoR
I & AAGCTT palindrom #9§ A3l Hindll
E A}&3le restriction enzyme analysisE A3 s}
At thE-E 9] plasmidE2 EoR1 22+ 8—167)
9 Yo g AYHAYN Hindll 2+ 613702 3
Heoz AusHt e WAREE VIXHA B
Aol Y3ty pDE09S} pDEISL M F A4
EwRI1 o2 ztz} FA3F 33.6-—3.6Kbst 33.6—4.7
Kbl 16709} 12709) MHo R FFom AFAL:
Hindllll M 34.4—3.8Kb, 34.2—-36Kbe] ¥
& 713 1270} 1370 8] AW oz e DNAYEZIA
g9 ztel7t EAEE dF AN olHFH Hig
B ofA YA plasmide] FAgo] FUst
g A FYF FelA HHtE plasmidtn 3
Z3l= AL olel g oz H7E ¥A%e 771
Mdale g #Ztov AF%9 Aolg AW pDE
8803(SmApKmAKToCItCfm) 3} pDE8810(SmAp) &
AFJAAL EcoRT1 22 A 8/ Aoz A9
FU&A zAzon HFPEL: Hindll2 AGAdE
770st 6719) AHez FAHHAM ¥k Fay

A& JERd o] o] 278¢] plasmid7} FUF T A
fl ¥ plasmidd Rez AzEYY F47t FHo
epidemic strainolg} @&7|e AT e} o] 2
0] plasmid7} U FAAM HAsHAGH AF
A HindWIXM ddFdel zelg BAAH U
AfEe Aol BAARE AFEL HindllZ} <)
At dste F99& THE plasmid F7IME
44l point mutation 5ol W& M} F ] WY
7IEIAE Aoz Azdn. 28y {3 2
plasmide] A felgt AAA opdRE w37 A3
A= plasmid DNA A} 27k} homology& HAMS=
DNA-DNA hybridization 4 # o]t} plasmid DNA2]
base sequencingol] 2§ #FHA AE&AA Feo] F
7tslojol & Ho g Alg®ch

2 ¥

ZtE AANMAER HE EEd 42F 9 Entero-
bacter& o= #9 AW de) Htt A
AT gAYy A4E 9% AR AT 281
R plasmid DNA ¥ 42 %% plasmid DNAS] ¥z}
AESH EATEE 37t WA 9@ o
Arye 7188 A5 g dustaz g9 EelE54,
gaA Al Bl oF WiAgdAe4dd, R
plasmid®] #8] % APAaL Aeld 2% DNA 3

4 58 ANYEHR

ZE dAMHER REY 79 FEYlEE 8
(38.1%), A42(262%), FAHH(16.7%)9] €22
YERY golA 718 B B8 YxE Jehidd.
19% 9 Aol g A4 JAF 23 Ex, Nf, Cp,
Of, Pfell= d ZF 71 Aol e, Gm, Ak, Na,
Tc, Tpolle 7.1—-214%, Cfm, Km, Sm, Cmdl& 2
6.2—~42.9%, Ap, Clt, Tooll& 47.6—69%2] WAZE
e AT 9% @52 AFE AA e A
%91 90%MICIIM Ex, Ni, Cp, Of, Pl <05ug/
mlZ 4 HALgFAFE 0|38 eI e Ap,
Clt, Cfm, Sm, Km, Cme 48 1¥HFAFE o
48 vep o gAY Fd FAAM MRS
kAo NS B R CmTcSmApTpNaKmAk-
ToCltCim2] 1170 kA WA3-& 718 Aol ch H el
olg WA NG AAe 47%¢ AGEE e o]
AgA R plasmid7} W3 Aol wil ¢ F88 A#
4L ¢4 AU R plasmid DNAE ¥ @3le £
AEg 233 A3 o 2§ EAF 43.1-834 Mdal
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9] %% plasmidE ©]2Ut}. R plasmid& A EA
EcoR1 7 HindllZ Awtsld 1 98 A7 95
o2 FA% A9 EAL 771 Mdale. 2 #gron
AR89 2ol K¢l pDESS03H pDE8SS10¢] )|
$a4 EoRI 22 FRAole A 54§ Ay
4E JENID AFEL Hindll2 Ad3ige
AlolE oFzte] zlole Hoju w523 e Y4 S
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= Abstract=

Antimicrobial Drug Resistance and Molecular Characterization
of R Plasmid for Enterobacter

Seong Hong Kam, MD; Won Ki Baek, MD; Min Ho Suh, MD

Department of Microbiology, Keimyung Universily
School of Medicine, Taegu, Korea

Forty two strains of Enterobacter isolated from clinical specimens in Taegu area were tested for the
antimicrobial susceptibility to 19 drugs and studied for molecular and genetic characterization of R pla-
smid. 38.1% of the strains were isolated from urine and 26.2% from sputum. All strains were suscepti-
ble to enoxacin(Ex), norfloxacin(N{f), ciprofloxacin(Cp), ofloxacin(Of) and pefloxacin(Pf).

7.1—214% of the strains were resistant to gentamicin(Gm), amikacin(Ak), nalidixic acid(Na), tetracy-
cline(T¢), and trimethoprim(Tp), 26.2—42.9% to cefamandole(Cfm), kanamycin(Km), streptomycin(Sm),
chloramphenicol(Cm) and 47.6—69% to ampicillin(Ap), cephalothin(Clt), tobramycin(To).

MIC90 of Ex, Nf, Cp, Of and Pf were below the antimicrobial concentration tested. Most of drug re-
sistances except to Na and Rf in 47% of resistant strains were co-transferred to recipient E. coli RG488
or RG176, indicating that multiple drug resistance were R plasmid mediated phenomenon.

Plasmid profiles for molecular characterization of R plasmids from Enterobacter strains were studied
through the methods of alkaline SDS lysis and agarose gel electrophoresis. R plasmids were 43.1—834
mega dalton in molecular size. EcoR I and Hindlll restriction enzyme digestion patterns of R plasmid DNAs
were examined. R plasmids that had different molecular weights and phenotype markers showed different
restriction patterns. pDE8803 and pDE8810, which have different phenotype marker but same molecular
weight, showed identical EcoR I digestion pattern and similar HindIll digestion pattern, so We think these
two R plasmids were derived from same source.
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