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Characterization of R plasmid and Antimicrobial Drug Resistance of Klebsiella
pneumoniae Isolated from Clinical Specimens

Kyung-Ran Lee, Won-Ki Baek, Seong-Il1 Suh, Jong-Wook Park and Min-Ho Suh

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

Ninety-one strains of Klebsiella pneumoniae isolated from various clinical specimens in Taegu area
were tested for the antimicrobial susceptibility to 16 drugs and studied for molecular and genetic
characterization of R plasmid. K. pneumoniae were most frequently isolated from urine(60.4% ), and
followed by pus(16.5%), sputum(15.4%), cervix(3.3% ) and etc.

All strains were susceptible to amikacin(Ak) and norfloxacin(Nf). 1.1-8.8% of the strains were
resistant to moxalactam(Mzx), nalidixic acid(Na) and rifampin(Rf), and 16.5-26.4% were resistant
to gentamicin, kanamycin, tobramycin(To), cefamandole, chloramphenicol, and trimethoprim. 31.9-
59.3% were resistant to streptomycin(Sm), cephalothin, ampicillin, tetracycline and sulfisomidine.
MIC90 of Ak, Mx and Nf were below the antimicrobial concentration tested. MIC90 of Na, Rf and
To were 3.9-15.9ug/ml, and those of other drugs were 118.4->2048ug/ml.

Of 91 strains tested, 37 were multiply resistant to 5 or more drugs. The patterns of multiple drug
resistance which were most frequently encountered were not found.

The ratio of conjugal tansfer of K. pneumoniae was 25%. Plasmid profiles for molecular and ge-
netic characterization of R plasmids from K. pneumoniae were studied through the method of
alkaline SDS lysis and agarose gel electrophoresis. Molecular size of R plasmids were 35.9 to 81.3
megadalton. There was a R plasmid derived from th2 strain which did not habor any other
plasmids, in this case this plasmid was thought to be a episomal state in original strain. R plasmids
which were able to be classified into incompatibility(Inc) FII group were analyzed by restriction
endonuclease EcoRl], they did not show the simirality each other except pKM9431 and pKM9432.
Key Words: K. pneumoniae, R plasmid, Molecular characterization.
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2. GRH AN HA

Chloramphenicol(Cm), tetracycline(Tc), sul-
fisomidine(Su), ampicillin(Ap),
(Tp), amikacin(Ak), gentamicin(Gm), kana-
mycin(Km), tobramycin(To), streptomycin(Sm),
cephalothin(Clt), cefamandole(Cfm), moxalac-
tam(Mx), norfloxacin(Nf), nalidixic acid(Na)
2 rifampin(Rf)§ 163F @A) o3 754
AALE AAEF G e HAlE Steers
5%9] multiple inoculatorZ o] &3k 3 3N
W (agar dilution method) o] 3} AT &A
AF=MIC)E AAstH on, v] vt A=
a9 R4S 7] 9Aste] ATCC(Ameri-
can Type Culture and Collection) ] E & F<!
S. aureus ATCC 25923, P. aeruginosa ATCC
27853 ¥ E. coli ATCC 259224 37 AF&3ly
AAstg o Ao d33-& NCCLS(National
Committee for Clinical Laboratory Standards)
o] BAH7|FEP) FeHL, 79 50% 2 90%
MICx FZ SmithE®o] A A|E ¥ wat
BEsT

3. Mol olet oH

Aol o A2 WAdAAE A8 9
ste] HAGFom 7t ekAldE BEAolY
Rfel] G244 WA E. coli RG4883 Nadj
AMAGUHAR E. coli ML1410& A} 43t
o colicin 4 FF 2] 7 $ol& colicin WA <!
RG488 % ML1410 Edol3E Al&-3te A
Fatach A= A= Mueller-Hinton 33 vl %]
(Difco Co.)oll <kAlo] uwhal 15-20pg/mle] 2zt
Aok el slxgrol WA Na = RfE
50pg/ml¥ Hrrste]l U E AEwd e
QA Ak MAAEA A
Aduf Ao HFsto] F4

e

trimethoprim
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A
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d22 (0.7% agarose gel(15x15cm, agarose
type I, Sigma Co.)¥ TBE buffer(89mM Tris
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AE3te] £33y JFEAXZE 90mA, 100volt=
5A] 7+ submarine electrophoresisZ 4 A} 3}l th.
Plasmids] 233 274 & 93kl v) 45 At
R1033(45 mega dalton:Md), RP4(38 Md), R1
(58 Md)5 ¢ FZ plasmid DNAZS 37 4%
Al Ak A% gele 0.54g/ml9 ethidium bro-
mideZ HAA A 2AYMFAZE AME3tA A}
W&t plasmid DNAS] dFAZE EF
plasmid DNA 2] o %7 2] 9}9] linear regression
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NaOH, 1% SDS) 2004& 7}ste] 2 Ed% F
Adoor 587 wrx &Gl 150p19] high salt
999 (5M potassium acetate, pH 5.2)& ¥ 5
27 12,000 rpmo 2 4Rt FFAE B3

& phenol-chloroform mixture® 2] 3 & 2.
54 2] ethanol-g 7}5te] 1587 A3 sl DNA

AV EAAY
boim 3}
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A A A7 h. DNAZALS vacuum desiccator
A Ak @8] RNasex]8]lFE A& E A2
39l A& A BRL(Bethesda Rese-
arch Laboratory)#| EcoRI S& 3] ALg3
9th. ZFF4 =2 DNAJ AFEALY o]
%3 buifers A7 F 37ColM 0BT
k8- A]7] a2 type I gel loading buffer (0.5M
EDTA, 0.25% BPB, 0.25% xylene cyanol, 40%
sucrose) & H7lsled WFL S AZAZ e A
71 E5lg . Gelol BRE AFdE A u
2 08-1%AER 3o £3HFY JEIAIE
256mA, 20volt 2 18 A] 7} submarine electropho-
resis3lg . ExF =L 4t = A
Zulc} AFgFasol € lambda DNAE size
marker2 A}-& 39 o).
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1988\ o) A 1989'd Alojdl Z+E YA A

235 2g9 K pneumoniced] EHWIE
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L

1o UeElIithk. & 9139 K. pneumoniae’}
BdEAEd, ol% L(urine)olA 553F(60.4

%2 BEHes) 71 %o, FA 165
(165%) a8l oA 145(15.4%) =02
AA e 90%ol e AASAh 2 o
2o AFARGBF), ACTF) 5o AR B
ANEE By

16% Ao ust ydadre MICES 2
g 90% % 50%9 TFE A= MICE
29 e 9 ol Quinolone A E ¢ Nf ¢} amino-
glycosideA g o] Akl A FF7 FFAdol A
on, 714 & UYAE 1w IdFAe ApH
= 543(59.3%)7F HAS Jehl A} Suol

Table 1. Isolation frequency of Klebsiella pneu-
moniee from clinical specimens

No.(%) of strains

Clinical specimens

isolated
Urine 55(60.4)
Wound discharge 15(16.5)
Sputum 14(15.4)
Cervix 3( 3.3)
Ear 2( 2.2)
Mouth 1¢ 1.1)
Pleural fluid 1( 1.1)
Total 91(100)
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Table 2. Antimicrobial susceptibility of 91 strains of Klebsiella pneumoniae

No.(%) of MIC(pg/ml)®

Drugs®” . . by — — :
resistant strains Range MIC90 MIC50
Ak oC 0) <2 - 32 <2 <2
Gm 24(26.4) <1 - > 128 104.5 <1
Km 15(16.5) <2 - > 256 > 256 <2
To 20(22.0) <1 - 64 15.3 <1
Sm 36(39.6) <2 - > 256 118.4 <2
Clt 29(31.9) <2 - > 256 240.4 3.4
Cfm 22(24.2) <2 - > 256 94.4 &2
Mx 1¢ 1.1) <2 - 128 <2 <2
Ap 54(59.3) 16 - > 256 >256 134.4
Cm 22(24.2) <2 - > 256 > 256 3.35
Te 33(36.3) <2 = > 256 >256 <2
Su 40(44.0) <16 - >2048 > 2048 138.7
Tp 17(18.7) <1 - > 128 >128 <1
Na 2( 2.2) <2 - 32 3.9 3.0
Rf 8( 8.8) 2 - 32 15.9 10.9
= 4 < 0.25 <0.25

Nf 0C 0) <0.25

# Abbreviation:see test.
» Criteria of resistance were determined as described in NCCLS.
“50% and 90% are MICs reguired to inhibited 50 and 90% of the strains, respectively.

A B CDEFGH 1T JKILMNDO

Mega dalton

45
S8
257

Fig. 1. Electrophoretic patterns of plasmid DNAs from K. pneumoniae and their conjugants(0.7 %
agarose gel electrophoresis, 90mA, 100V, 5 hours). A. 89KP50(RG488), B. 89KP41, C. 89KP41
(RG488), D. 88KP37(ML1410), E. 88KP65(ML1410), F. 89KP36, G. 89KP36(ML1410), H. R1033, 1.
R6K, J. RP4, K. E327, L. 89KP30(RG488), M. 89KP18(RG488), N. 89KP48(ML1410), 0.88KP4
(ML1410).
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Table 3. Antimicrobial resistance patterns of Klebsiella pneumoniae

No. of drugs .
. Resistance patterns
resistance

No. of strains
88yr. 89yr.

10

9 CmTeSmSuApTpKmCltCfm

CmTcSmSuApRfGmCIltCfm

CmTeSmSuApTpKmGmChCim

CmTcSmSuApKmGmCltCim

CmTeSmSuApGmCltCfm
CmSmSuApTpGmCItCfm
TeSmSuApKmGmCitCim
SmSuApTpKmGmCltCfm

CmTcSmSuApTpKm
CmTeSmSuApTpGm
CmTcSmSuApRfKm
CmTcSuApTpKmGm
TeSmSuApGmCUCim
SmSuApKmGmCItCfm

CmTcSuApTpkm
CmTcSuApTpGm
TeSmSuApTpKm
TcSmApTpNaClt
TeSuApGmCliCim
SuApTpNaCltCfm

CmTcSmSuAp
CmSmApTpGm
TeApGmClitCfm
SmSuApTpKm

CmTcChCim
CmApCfmMx
TeSmSuAp
ApTpRICh
ApGmCIfCfm

TeSmAp
SmSuAp
SmApClt
ApRICIlt
SuAp
SuClt
ApRf
ApClt

0

[
[\

i L = OO0 RFEQOQ HHEOOOO HFORKFNE ONMEDN OO

WO OO0 mFOWHE OQOFHWOOHHMEH mWOO0OO HOOOD —HOoOw

[\
—
—
'S

Total

N
o]
N
w

= 44%0ol A}, Te, Sm 2 Cltofl = 30%-0°] 4, Cm,
Cfm, To % Gmelle 20%c°]49e WANEZ
Heg oo, Km, Tp, Rf 394+ 18.7%-8.8% 2]
YA TS By NadlEs 23(2.2%) 2133
Mxelle © 13(1.1%)%o] WAL YeR
o MIC¥H 2} 50% % 90% MICE WAAHI:
of we} AEs AolE& Uehlslown, MICH
99 Hux]= Ak, To, Mx, Na, Rf @ NfE A
A% 115 FaEAdA ddH gz ool
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Table 4. Original and transferred phenotypes and plasmid profiles of Klebsiella pneumoniae

bility group

weight

Molecular Incompati-
81.3

Transferred pattern
CmTeSmSuApTpKmGmCItCfm

SmSuApKmGm

designation

Plasmid
pKM9411

No. of plasmid
(molecular weight)®

4(81.3, 62.3, 40.2, 29.4)
4(94.2, 65.8, 21.1, 5.0)

1(49.1)

Resistance pattern

CmTeSmSuApTpKmGmCltCfm
CmTeSmSuApKmGmCltCfm
SmSuApTpKmGmCltCfm

Strain No.

o] &

FI
FI

65.8
49.1
48.1
58.1
48.1
31.5
45.9
44.3

SmSuApTpKmGmCltCfm
TeSmApGm
TeSmSuApTpGm
CmTcSmSuApTpKm
SmSuApKmCltCfm
ApGmCItCfm

ApGm

SmSuApTpKm

CmTcSmSu

pKM9361
pKM9011
pKM8321
pKM8371
pKM8641
pKM8651
pKM9501
pKM9301
pKM8411

1(48.1)
1(58.1)
1(48.1)
1(31.5)
1(45.9)
1(44.3)
1(47.6)
1(49.5)
1(47.6)

CmTeSmSuApGmCltCfm
CmTcSmSuApTpGm
CmTeSmSuApTpKm
SmSuApKmGmCltCfm
TeSmSuApGmCltCfm
CmTeSmSuApTpGm

SmSuApTpKm

89KP41
89KP36
89KP1

88KP32
88KP37
88KP64
88KP65
89KP50
89KP30
88KP41

F1

47.6
49.5
47.6

pKM9181

CmTeSmSuAp

89KP138

HYehst

F1

47.6
35.9
35.9

ApGmCltCfm
ApGmClt
SmAp
SmSuAp

pKM9431
pKM9432
pKM9481
pKM8041

1(35.9)

ApGmCltCfm
TeSmSuAp
SmSuAp

® molecular weight :mega dalton

89KP43
89KP48
88KP4

5. K. pneumoniae2] plasmide] B2}z EA

ABCDEFGHIJKLMNOPQ

Kilo base

21~

35-

Fig. 2. Restriction endonuclease analysis pat-
terns of R plasmids from K. pneumoniae(diges-
ted with EcoRI, 0.8% agarose gel electrophore-
sis, 25mA, 20V, 19 hours). A. Lambda DNA, B.
pKM9411, C. pKM9361, D. pKM9011, E.
pKM8321, F. pKM8371, G. pKMS8641, H.
pKM8651, I. pKM9501, J. Lambda DNA, K.
pKM9301, L. pKM9411, M. pKM9181, N.
pKM9431, 0O. pKM9432, P. pKM9481, Q.
pKM8041.

(61.5%), & 88Wxo Eg¥E 48F% 27F
(56.3% )9} 89 d %o Eglx 43FF 293(674
%)X 2F 0] Al s WA e
Htomw Hu 10% A s FEA
S-S BArt 88d %o Egl® K. pneumoniae
175F(354%) ¢} 89 o] B #+3F 173(39.
5%)E %ate] 345(37.4%) 0 A 57}A] o] Ao
oA HAESs dedided Hz 105
TA FENWAEES ded FF@F)e 89d
T YT FAY. 53 FzajA A A tol
A o1 ApRf, TeSmSuAp,
of TEUAAS Hole Ao
Z+ 43 YA

ag8h1e A 1 3] A g4t o] plasmid DNA
o] A71dE 44e vEld AoZ Lane He
Bk 45Mde] R1033¢]w, Lane 1= 25Md<]
R6K, Lane J+= 38.0 Mde¢] RP4, Lane K&
E327¢] < FAtolt}. Lane B ¥ F¥ K. pneu-
moniae 89KP413} 89KP362] plasmid¥ 5 AF o
2, 1/} == 274 A=< plasmidE X3}l

rirl

_307
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= A9 WRES K pneumonicedts 2
89KP41-& 2 Aek 81.3Mdej A 29.4MdA}o)] 9,
a8 89KP362 94.2Mdo| A 6.5MdAte] o] 4
N9 plasmidE& B {31 90t Lane A, C, D,
E, G, L, M, N ¥ O¥ K. prneumonice 89KP50,
89KP41, 88KP37, 88KP65, 89KP36, 89KP30,
89KP18, 89KP48 % 88KP4¢] R plasmide] &%
o2 Baleke 81.3Mdol A 35.9MdA}o] 9 th

daE FFANLT YA 2 AL o
AARg zAME7) A AArE Aol 9@ )
A Aoty WE4 R plasmide) £z
ExZo] 714 2 CmTeSmSuApTpKmGmClt
Cfme] 10& 3staAd] JYAS 71#2= 81.3Md
(PKM9411) o A 7} #Apeke] & SmSuAp
KmCItCfme] 6% g#Ao] WAL 71" = 31.
5Md(pKM 8651) A}o]9] plasmidt}. 89KP43
9o Afele dsgddMde 47.6Mde 1749
plasmid¥tS #&% £ 9lded WAAG A
VA A Fd3AT WAFHe Ao
E Hole 2ZF9 R plasmid (pKM94313}
pKM9432)7} EAgo] AU 1Eut
89KP482 plasmid& #2d 4 giloyt oA
202 SmApe] oA WAL JiA & 35.
9Md(pKM9481) el R plasmid7s} A=) oo
f2EAt 449 ME g2 B2 plasmid
7} A & 89KP413} 89KP369] 7 oAM= 2z
81.3Md(pKM9411) 3} 65.8Md(pKM9361) 7t
o) MAGFo Aol o]FoiArh WA
T FI ot Col tha) v AFYHAE AA3 2
7 Czol AL glslen, pKM838l,
8371, 9301, 9431 % 94327} FI groupe] 23}
Ak

dY2+ K. pneumoniae?] R plasmid DNAE
A E A EcoRISZ HAWsle] 1 I A7
d =3 Folth Lane A9} J&= 21-3.5 Kilobase
(Kb) Atolo] 6719l HHE 23 Y+ Lambda
DNA¢] 93 %4oln], Lane B,C, D, E, F,G, H, |,
K, L, M N, O, P 2 Q& K. preumoniae5-e] &
R plasmide] < F4toltd. AH 4= R plasmid
o wabeke] met ks, $ATE 48,
IMdo &2 ZdstA 9t aFA WA dare zlo]

=

N

&3he

2 3¢l pKM8321(Lane E)# pKMS8641(Lane
G)Zrel HE-Eigolx Aelz} A%tk ApGmClt

Cfmol] A& Ho]lx= pKM9431(Lane N) 3 Ap
GmCltel] WAlS Bols pKM9432(Lane Q)=
Aol A AF 3 vhot 2ol AT FF(89KP43)
of 4] AgHE R plasmidS9ly), v|AgHz2e F
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I2 FL3AL, RAFE 2oy Wy
ol Al Cfmel tist W/ del zol& BA=H Eco
RlIol 23] pKM9431-2 18.4KbejjA] 1.3KbA}o]
9] 11709 AH o2, pKM9432% 19.3Kbol| 4
L3KbAtole] 12709 BHoz He RIHYL
vjszstdoh. 22 A7l9 FOH AR
229 plasmid® pKM94313} 9432& A
plasmid7te] 2 &4e tiie zlo]7}

el

&

K. pneumonice’= WU 9] AP7IHER HE &
g RElEe #FF HEA FE Agy 2

< TEY HEH 2 ¥HEFriAEy FAd,
Moo oz B PR L gl s

I B8] Aot FolellAe] HEdd A
$ol= AlgEo] 90%< E3tx A+=d, o] &
oz Aeizta] gdA FAl UWAHE 7HA=
AU T ZAFed Ffoles A7 d%
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