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Abstract Four nontransferable plasmids of about 28-32 kbp were isolated in 120 Serratia
marcescens strains isolated from patients with urinary tract infection. All of these plasmids were
transformable in Escherichia coli, and showed a high frequency of mobilization by R9-5 plasmid
of incompatibility group F II. The MICs of carbapenems were significantly lower than those of
cephalosporins. This trend was more marked when MICs were determined at 108cfu/ml.
Based on the substrate profiles and on the effect of inhibitors of the f-lactamase, the enzyme
was classified as a class B g-lactamase, so called carbapenemase. The carbapenem resistance
genes of these 4 plasmids were cloned into vector plasmid pHSG398 using Bam H1 digestion and

the size of the DNA was found to be 4.9 kb.

& L & I

AFRTIX, 1983 LA Pseudomonas aeruginosa X
B/ rBUECE CHENDIEN > 2 6-
lactam B TH 5, Lo % B =1itfX cephalosporin F&
A, 1984 121X quinolone F,ASY, & 51T 1987 Fi
3% % T @ carbapenem # ¥ & L T @ imipenem %%
INTHEREHAENSHIZESTWAEY, T 5,
Z 5 % L v, cephalosporin % 3 @ #f /i 1,
methicillin-resistant Staphylococcus aureus (MRSA)
DFME Tz & BBERBRR EE { OfEER b 125
L f-oneznse_

—7, BRERHFBETIE, FIEARRZ M VOIRW ce-
phalopsporin ZE D I & > T penicillin R ¥ &
cephalosporin %% % [ R 12 Nk 38 3 % extended
spectrum B-lactamase (ESBL) & & % it E HIRD
FIREDBHE I N T 532939, 2 h 5@ ESBL i3,
TEM-1 % SHV-1 & & ’EiZh T\ % B-lactamase
OEERETH O DNA BERETIHD 1 2w LEEED
2ZtikY, ThZhEEREESERLEZRRE

ThH 32, [FRMERIOTRTY, Serratia marcescens
L OBEECH L Tt E RT3, % OS5 EER,
1983 4 (2.9%), 19874 (2.1%), 1990 & (2.6
%), 1992 £ (2.9%) TH Y, P. aeruginosa X S. aur-
eus WEHEARTHBERIIE L kv, Zhix, S. marces-
cens & f-lactam FEi DO ERWTH % f-lactamase
DELRE, H 5\ i f-lactam R quinolone iz 3t
3% in vitro M EHEESHEE M OBAMER OB
HARTEW 0, FIEEFERCHES BRORBRED
BBIbRVIEZEBAEALTWR &2 5h
% 3)12)35)39—40).

A T Z, 1993 F 12 i imipenem & i1 2 T
panipenem %3, & 512 1995 £ 9 H I IX meropenem
DEERIGH & 72293, Z 1 5 carbapenem FE DK
JGRH, SERERSBHEOSERIC ML 228 %
522055729, &7 1992 F5 5 1993 FE58ED
B REBRSYERIRD S. marcescens 12 2\>T D car-
bapenem EDBRZMUEH W ZRIT L 2. £ DHEE,
imipenem *° panipenem?®® % ¥ 2 X9 % W 2R E
3 % plasmid ZHH L 7z,



Carbapenem resistant plasmid from S. marcescens 117

KEBRMF L FR

EREK

EERCHEA Uz 120 8D S. marcescens XE L LT
18 M PRERRLAE B SR D ERIR AR 5 1992 4 5 1993
FErFTHESNTZDOTHS, BRBINS OHEK
DEIEETEE O FEHE- Iz, &7z, plasmid QT
W V> 7z Escherichia coli v K 12 i3k ® ML 4901 £
BELUMLABIKTH 2, % DMAFIEMR (incom-
patibility group, inc) DOHAFL 7z F-(TC), R9-5,
RP4-1, N3, R27 %z ¥ D% plasmid 2 FHwiz43, Z
05 DHERIR TR b ILEREEZIRMEM FHER
EERAVEY, S5 DNARIF 2T 00
vector plasmid & U T pHSG 398 %, carbapenem %&
i Pk D AT D 7= DX & LT pMS 350 3k D clon-
ing plasmid pMS 361 % 727139 (Table 1),

Table 1

R

FRHEROREE L, BZEHERT41 2 (ST 7u
A, BZ&) 2RV, 35°C, 18R L:. £/, &
INFEEHILEE MIC) ofiER, BREET+ X278
Be-N (SD-N, HAK) 2 Fw/iz™Y, Z0ffl, plasmid
DORFIE R DPSE % cloning EDOMiEE #1213 BTB
FLpgSERE (HAK) %, B-lactamase ZHIET 572
» DB DE5E 1 Brain Heart Infusion (BHI, Difco)
TaXEENETNR W,

ERAEA

FRANEER, ThZnoEETH S HEOHEL
7RRDSE5 %% T2, B, p-lactam FED penicil-
lin 2 ¥ & L T & piperacillin (PIPC) & ampicillin

(ABPC, BE+1t3%), cephalosporin RZE & L T ce-
phalothin (CET, ¥ &H&EE), cefotiam (CTM, &
H%5), cefmetazole (CMZ, =3#), cefoperazone

(CPZ, EH1t%), cefotaxime (CTX, ~F A+

Bacterial strains and plasmids

Designation

Relevant markers

Source, derivation

Bacterial strains

E. coli K12

ML4901 F-, ga/K2 ga/T22 hsdR /acY1 metBl re/A supE44 NA25
ML4947 F-, ga/K2 ga/T22 hsdR hsdM/acY1 metBl re/A supEdd Rf100
ML4953 F~, amp/D ga/K2 ga/T22 hsdR hsdM/acY1 metB1 re/A supE4d RF100
S. marecescens

KU971 Clinical isoltes in Japan, carbapenem resistance
KU972 Clinical isoltes in Japan, carbapenem resistance
KU973 Clinical isoltes in Japan, carbapenem resistance
KU974 Clinical isoltes in Japan, carbapenem resistance
Plasmids

pKU61 Clinical isolates from KU971, inc H

pKU62 Clinical isolates from KU972, inc H

pKU63 Clinical isolates from KU973, inc H

pKU64 Clinical isolates from KU974, inc H

pMS350 Clinical isolates from P. aeruginosa

pMS361 pHSG398 with insertion of 4.1 kb fragment of pMS350
pHSG398 Vector plasmid for cloning

R9-5 CP; transferable plasmid ; inc F II

F-TC TC; transferable plasmid; inc F V

RP4-1 CP TC KM ; transferable plasmid ; inc P

R27 TC; transferable plasmid; inc H

S-a CP KM SM SA ; transferable plasmid; inc W

N3 TC SM SA; transferable plasmid; inc N

NA mutant from x1037 (R. Curtis III)
Rf mutant from x1038 (R. Curtis III)
amp D mutant from ML4947 (17)

This paper
This paper
This paper
This paper

This paper

This paper

This paper

This paper

(36)

This paper (8. Iyobe)
Takara Shuzo Co., Ltd.
(7

This paper

This paper

This paper

This paper

This paper

Note. Abbreviations used ; NA, nalidixic acid ; Rf, rifampicin ; CP, chloramphenicol; TC, tetracycline ; SM,
streptomycin ; SA, sulfanilamide.
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¥ /%), ceftazidime(CAZ, HLEEE), aztreonam
(AZT, = — ¥ 1), carbapenem B ¥ + L T
imipenem (IPM, AE#3), panipenem (PAPM,
SH) kr&it @R AW, %7, B-lactamase fH
£ LT clavulanic acids (CVA, A3 X, 754
v, E—F v &8 %), sulbactam (7 7 4 ¥ — 8
3), tazobactam (TAZ, KEB¥ER) AW, Z0
HIBTE®E & L T gentamicin (GM, ¥ =—V ¥ 7),
chloramphenicol (CP, = #), minocycline
(MINO, H&AV %'V —), ofloxacin(OFLX, #H—&
#) % F\wiz, sulfanilamide %] (SA), streptomycin
(SM), naldixic acid (NA), rifampicin (Rf), &
EHIBREER, ~—%»— DNA Z X OLERFEECHIER
BRiE, Wih b HiREEBAL TRV,
MEERRERR
FEABEROSTEE T 2 BZHHE X, HAL
EREFSORZUHHEHECE L TTo 127, Bib, 35
°C, —KEEEBEIE % BSG (Buffered Saline with Gela-
tin) 1T 5~6X10° cfu/ml w2 % & 5 HRL, D
S5ulIrury vy — (EAMBUE) & TEAIFR
WL, BB, T 0%, £FIRIE 35°C 18~24 ¥
f, &L, SHEECH L CHIRTHREORD 51
ROURNAEBEELRE MIC) 2R %7,
imipenem 7% £ @ carbapenem iz DV TIRALEIZIE
CCHEEDL0FOEE (5X108cfu/ml) 2HWT
MIC 2k® 7.
EREEC TS L UMEER
AW S plasmid & L THEET 20 EN D0V
TIXHE R - TRRET L 727, S. marecescens % 7213
B X > THE Sz E. coli K 12 ML 4953 Ot
B 258, E coli K12 ML 4901 22 AW L L T#
SEERTo Iz, WHEBRIZ S. marecesens 5 7 v
AVER X DML DNA % E. coli K 12 ML 4953
PRERL U CREERETo L, —7, WEN, £
FIEET 5 EYE plasmid % E. coli K12 ML 4953 %
BB EE L L THSBECI > THERY, Z
NEHER L UTE. coli K12 ML 4901 > ZAB L L
T4 plasmid DIEEE AL Tz,
Plasmid ®& 3|
Plasmid Xz hRA—OF BT 258, Awvicit
FIT Bk EE5H—FO plasmid iZMKEH» 5
R hT L %5, ZOHKR%E AWz plasmid D43¥E
% plasmid BB (FFI&HE, incompatibility) &
Vw3, Plasmid OBFIIRD L S L T{To7%, 3T
CEBCAHEINTY 5 E%¥ plasmid L HARBRE

BHEI®D plasmid % E. coli K 12 RkZ2EE & L (EEE
EdDLVIPEERRIC X > THES®, UTOIT kL
BETLED, 9, SBORKRWE plasmid HRS
~ & plasmid @ 2 BB HEFEL 2 EHZ ST 7a 2
2T 35°C, —RIFE T 57, iz T ORFEER % SD-N
BEHICEIEKL, 3BCIRTESI—EERT 5, FiRE
R L - EEE * Zh Zh O plasmid 250 5 Hi i
MM AEIE U 7 S HIEEE R & ORI EREBK U 7z
®, BCXTRHI—RIFRET 5. ZOKR, WHD
plasmid ® DM EBNED > BEWCE, 28D
plasmid DHESKIZLTHE D, WEOFRSHRT
BL2rl, £boh—0 plasmid QA7
PRI E NIHE I 2 B plasmid BEWIZFE—®
THIEHERCET 2 LHEL 7.

B-Lactamase DER% & liE

HEHE % 10ml © BHI 7o 12T 35°C TiREE =
U, ZOXEEAsHoME? 4C, 18000Xg =T
10 53L& G, W LT, Z O#EE % 10 mM ZnCl, 24
t.0.05M ) BIEEK (pH 7.0) THEL, FEE
B3ml B L7, CORBREEFTEBERL, 4C,
18000xg T20 FREELL, ZOLEZHEER L L
7239, B-lactamase DIEMHEIE X, UV ¥ (spectro-
photometric assay, B UV 2200) ZFHWwWTHIZEL,

% B-lactam D 100 LM 22 2EHE L LTHW

Jz. ZEHE X Bradford B TR® 7z, %72, BEREMIZ
30°C Tlumole DEE® 1 S BT 2BEER 1
BT L9, mgBHY D OEM (unit) THRL
7z,

DNA OB HIRMRIC & 3 ¢t DY L Rk

Hetafh M DNA B & U plasmid DNA O3Bt : D
HIRBER I & 29007, % O#%IT - IBETF D cloning
& % @ subclone RO, »2»IIPEERERR
ERBELRERFEEITINDY Takara D v =27V
PEEFROBRIEICHERLL 72729,

& 2

AN

Carbapenem % #, penicillin & ¥ 8 X fce-
phalosporin REDOEA#E%* Fig. LR Lz. 2D
carbapenem ¥ T» % IPM ORZHESAA X, FAX
120 ke 116 £k (96.7%) OHERRSFE 1 MO
SRR L, DAL LANIEREDT 4K THo
Jz. {177, cephalosporin ¥ TH % CZX, CAZ,CTX
% monobactam %% AZT ORBRZMSAIE, WIhd
27200 3IBETHORBIEVCREGEBIC A L.
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Penem Carbapenem
O\\—N/ﬁ N
I
Cephem Monobactam
Of N XX O%—n
S

Fig.1 Chemical structures of g-lactam antibiotics

Table 2 Isolation frequency of drug-
resistant strains of Serraia
marecescens

Drug Break point No. of strains  Isolation
(mg/1) isolated  frequency (%)

Piperacillin 6.25 46 38.3
Cephalothin 6.25 120 100

Cefotiam 6.25 72 59.6
Cefmetazole  6.25 47 39.2
Cefoperazone 6.25 37 30.8
Cefotaxime 6.25 19 15.8
Ceftazidime 6.25 17 - 142
Aztreonam 6.25 26 21.7
Imipenem 6.25 4 3.3
Panipenem 6.25 4 3.3
Meropenem 3.13 4 3.3
Chloramphenicol  12.5 28 23.3
Gentamicin 6.25 5 4.2
Minocycline 6.25 16 13.3
Ofloxacin 6.25 40 33.3

NoDORSHSFED &1, B-lactam FEicx ¥ 5K
ZHHE LR ORFBE S 6.25mg/l LRz, %
DR, IPM, PAPM, MEPM e & 120 £k 4 £k

(3.3%), CAZ 17# (14.2%), CTX 19# (15.8
%), CPZ 37#%(30.8%), CMZ 47 #(39.2%), CTM
72 % (59.6%), CET (100%), AZT 26 # (21.7
%), PIPC 46 £k (38.3%) Th -7z (Table2), &5
2, 4EE 57z IPM, PAPM, MEPM it 8 4 £k
2BRIZAZT 2B WIFho g-lactam ¥, 2 BRix
AZT 2&0 3T RTCO B-lactam Bz L TEhFh
it %2R~ L7z (Table 3).

B-Lactam RS OISR A3 2 it R FE %

GM (6.25mg/1), CP(12.5mg/1), OFLX (6.25 mg/
) BLUMINO (6.25mg/l) WREL, ZOIHAFIE
B CHETRLMEROSEEERD T2, ZORE,
GM, CP, OFLX, MINO 7 ¥ 12343 2 it B 04 s
i+, MEIZ 4.2%, 23.3%, 33.3%, 13.3%ThHH, GM
X A E OE& X, IPM, PAPM 2 EDZENh &
FIFERBETH -7 (Table2),

®iz, IPM, PAPM, MEPM (it ®D S. marecescens
4%k (KU971, KU972, KU973 BL KU 974) @
it & T DT 21T - 2.

Carbapenem ¢ DEIZHEHT

IPM, PAPM, MEPM ¥ % 7= L 7 KU 971,
KU 972, KU 973 & U KU 974 S Hk O HEE T
DEEFRE E coli K12 ML 4953 2% AE & L #
EEEE R RPERBC X OB L, 2 0EE,
IPM, PAPM, MEPM it %7~ U7z S. marcescens 4
e oHE L7DNA 2 AW &I D &car-
bapenem 2 % cephalosporin % S 14 & SA Wit »3
[FRfz E. coli ML 4953 I EERS 1, WRIZZ T
TE s> - EEGESEED © DNA 2HHL, 7Ho—
AT NVELIKENC X > CDNA ¥4 XBHERLEZ
2#7 28~32 Kb @ plasmid DNA »S&Hianiz, 22
T Z RN 5 O plasmid ® pKU 61, pKU 62, pKU 63,
pKU64 & fr % L %z, & ® pKUS61, pKU 62,
pKU63, pKUG4 ZFHWTHB LN T RTOBEEY
B3 IPM, PAPM, MEPM xinz T, AZT %<
fth @ cephalosporin &R¥ & SA & L Tk, SM i
HLTCERZEETH- T, 2D WXV, IPM,
PAPM, MEPM i i 2 & @ plasmid iZ & D KR
ENTWBRZEBHELNER T,

ke 48k (KU 971, KU 972, KU 973, KU 974) @
p-lactam FEicxt 3 % MIC & E. coli K12 ML 4953
~ plasmid ZFE#=H: L 7-EH%kD MIC % Table 3 i
w~UL7e, E coli K12 ML 4953 @ IPM, PAPM %
MEPM i & ¢ % MIC 12 0.025~0.10 mg/1, car-
bapenem ¥t B & #akk T3 0.20~1.56 mg/1 T
b, % plasmid OB & 2 HEEO LE1XH
THhThol, ThictL T, CAZ% £ Dce
phalosporin &3 12X 3~ 3 B EE=#bko MIC B, E.
coli K12 ML 4953 @ MIC 2 Eb T 256 5 LA & »
o7z, F e, BIERFOESCR 100 51288 L7z 108 cfu/
ml T?» IPM, PAPM, MEPM ® MIC & 1.56~12.5
mg/l TH - 7248, CAZ, CTX @ MIC ix>200 mg/1
Thole. B, T OEESKD SA KL Tk
i, AZT, SM XL T2 RL 72,
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Table 3 Effect of inoculum size against MICs in Serratia marcescens and Escherichia coli
carrying carbapenem resistant plasmid

cfu MIC (mg/1)

Host per
ml CER CcMzZ CTX CAZ AZT IPM PAPM MEPM PIPC SA

S. marcescens

KU 971 10¢ >100 >100 25 50 12.5 6.25 6.25 3.13 25 >100
108 >200 >200 >200 >200 100 25 25 12.5 100 >200

KU972 10° >100 >100 50 100 0.78 6.25 12.5 6.25 100 >100
108 >200 >200 >200 >200 6.25 25 50 25 . >200 >200

KU 973 10° >100 >100 100 100 25 12.5 12.5 12.5 100 >100
108 >200 >200 >200 >200 200 50 50 50 >200 >200

KU 974 10° >100 >100 50 100 0.78 12.5 25 12.5 100 >100
108 >200 >200 >200 >200 3.13 50 50 50 >200 >200

E. coli K12 ML4953

pKU 61 10° >100 >100 12.5 50 0.05 0.78 0.78 0.39 12.5 >100
108 >200 >200 200 >200 1.56 3.13 3.13 '1.56 25 >200

pKU 62 10° >100 >100 50 100 0.10 0.39 0.39 0.20 6.25 >100
108 >200 >200 >200 >200 0.78 1.56 3.13 1.56 25 >200

pKU 63 10° >100 >100 25 50 0.05 1.56 1.56 0.39 6.25 >100
102 >200 >200 >200 >200 1.56 12.5 12.5 6.25 25 >200

pKU 64 10° >100 >100 50 100 0.78 0.78 0.78 0.78 3.13 >100
108 >200 >200 >200 >200 1.56 6.25 6.25 3.13 12.5 >200

_ 108 0.39 0.39 0.10 0.10 0.05 0.10 0.10 0.025 1.56 6.25
108 0.78 1.56 0.20 0.39 0.20 0.20 0.20 0.10 3.13 25

Carbapenem it plasmid DO EF)

S[EH L 72 IPM, PAPM, MEPM i & ce-
phalosporin ZEM VT b plasmid FICFEEL
72 Z & & plasmid QBB 2z, 9, $EH plas-
mid 2§58, pKU 61, pKU 62, pKU 63, pKU 64 {£
HHEB L E. coli ML4901 2 ZhZThZEWEE LT
BAuwi, ZoOER, FII,FV,Ie, H, M, N, P, WD
plasmid DEREHERE I E. coli K 12 ML 4901 2 ZAH
ELTBEDZENEBIBEUTHo I (F—FRE
). LyL, FEHEHBECET 2 plasmid R 27 O
E. coli K12 ML 4901 ~DIGEZEEE X 10 Th -
7253, WR ek 2EEplasmid REE 2 SAEE L7
BAEDOR2T OEEHEEZ 10" AT CTho e,

Wiz LEEEER L i3 pKU 61, pKU 62, pKU 63,
pKU 64 M% plasmid DNA % 8 f&$E D= # plasmid
PRETIERCHEERL, ZORMEEEHFE~N,
Z DFER, Table 4 IRz &L S, THSHREH I
B33 R2T EEFEIRIBECBOTOARL £z
X pKU 61, pKU 62, pPKU 63 H 2 W iZ pKU 64 D ESH
& —7 DFEHIME, Bl® plasmid 2 EHEE I HEER &
i, ZOFRER»S 4O plasmid &, R27 £ FA—D
TREH HE BT % plasmid @RS hiz.

Carbapenem Mt plasmid D15EH:

S. marcescens ¥ D plasmid pKU 61, pKU 62,
pKU 63, pKU 64 i3 T bFEEETH > 72, L
U, JEfGEY plasmid T b {EEM plasmid & OH-FF
Lo THEBICHESEE (H) $hd I e RES
htlws, 7, BRSBEEED SERECSES R
ZRFIEMEFV O RI-5, WATHMEEOR Y N
HON3, FIBCETAF-(TCO), PHREYT 3
RP4-1% % ZhZh pKU61 % £ D plasmid & 3£
FE¥, chzE58 L L TpKU6L & ¥ D car-
bapenem i % plasmid OEEIZ DWW THRRT, D
R, pKU6L 28 % & U 7z carbapenem i {# plas-
mid 1¥, R9-5 L H£EFE IV FFDA, R9-5 ZhEHED
fEEFEE 2.1X107~6.3X10"2 O #7 1/1000~6/1000
DMEECH[EIE Nz (Table 5). L& L, A2
flLD plasmid i & 2 AEIZFED shie o Tz,

BIEFD cloning

Carbapenem #| & AZT % { CET, CTM, CMZ,
CTX, CAZ 7 ¥ @ cephalosporin 3 3 fi f4 23 plas-
mid ERAIET 2 2 Lo, ZORMEEET % clon-
ing L7z, #IFEEESRIC X o T plasmid DNA 24 L
Jeel b, WFNWDFI7AS RS Bam H1, Eco R1,
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Table 4 Incompatibility test of carbapenem resistant plasmids isolated from S. marecescens

Plasmids and markers tested No. of Colonies resistant to determinants expresséd by
Donor Recipient Selection colonies tested Donor plasmid Recipient plasmid Both
R27 (TC)® pKUS61 (CAZ) TC/NA 50 44 (TC) 3 (CAZ) 3(TC.CA2)
R27 (TC) pKU62 (CAZ) TC/NA 50 29 (TC) 12 (CAZ) 9 (TC.CA2)
R27 (TC) pKU63 (CAZ) TC/NA 43 28 (TC) 9 (CAZ) 6 (TC.CAZ)
R27 (TC) pKU64 (CAZ) TC/NA 50 42 (TC) 6 (CAZ) 2 (TC.CAZ)
pKUS61 (CAZ)®R27 (TC) CAZ 76 68 (CAZ) 2(TC) 6 (CAZ. TC)
pKU62 (CAZ) R27 (TC) CAZ 100 91 (CAZ) 0 9 (CAZ.TC)
pKU63 (CAZ) R27 (TC) CAZ 100 85 (CAZ) 4 (TC) 11 (CAZ. TC)
pKU64 (CAZ) R27 (TC) CAZ 50 44 (CAZ) 3 (TC) 3 (CAZ.TC)

® Donor plasmids R27 were introduced into E. coli K12 ML4901 carrying recipient plasmid by conjugation and
bacteria were grown on BT B-lactose agar plates under the selective presure of donor and recipient markers
as shown in table. Separate isolates of each combination were plated onto BTB-lactose agar plates
containing the indicated antibiotics (TC, 25 mg/1; CAZ, 1.56 mg/1). These cells were next grown overnight
at 37C in ST broth without antibiotics and then were plated onto BTB-lactose agar plates containing
antibiotics. Resulting colonies were picked at random and tested for the expression of the appropriate
antibiotic resistant determinants, as shown in the table.

» pKU plasmids were introduced by transformation under slective pressure of antibiotics.

Table 5 Mobilization of nonconjugative carbapenem resistant plasmids by transferable

plasmids

Plasmids® Selective Frequency Ratio®

markers of transfer®
R9-5/pKU61 CP/NA 1.4X107! 1.0000
CAZ/NA 9.0X10™* 0.0064
R9-5/pKU62 CP/NA 6.3Xx1072 1.0000
CAZ/NA 3.2x10™* 0.0051
R9-5/pKU63 CP/NA 1.1x10! 1.0000
CAZ/NA 1.0x10~* 0.0009
R9-5/pKU64 CP/NA 2.1x107! 1.0000
CAZ/NA 7.6x107* 0.0036
F-(TC)/pKU61 TC/NA 3.2x10°! 1.0000
CAZ/NA <1.7Xx10°® <0.0001
F-(TC)/pKU63 TC/NA 9.8%x1072 1.0000
CAZ/NA <2.3x107 <0.0002
RP4-1/pKU61 KM/NA 3.1x10°* 1.0000
CAZ/NA <1.9X10°8 <0.0001
RP4-1/pKU63 KM/NA 1.2x10~* 1.0000
CAZ/NA <2.2Xx107 <0.0002

2 Plasmids were introduced into E. coli K12 ML4901 strain by conjugation. For the assay of
mobilization frequencies, cell cultures were grown overnight in ST broth and were diluted 1:100
into fresh ST broth. After 3 h shaking at 35°C, the donor and recipient strains were then mixed at
the ratio of 1:10 and incubated at 35°C for 2 h without shaking. Cultures were then plated onto
BTB-lactose agar plate containing appropriate antibiotics.

® Number of transconjugants per donor cell.

© Frequency of mobilization per conjugative plasmid.
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Hind 11, Pst 1,Sal 1 % ¥ & - T 4~T7 7 ® DNA B
B L7572, 'R\, vector plasmid pHSC 398 * f& x4
DHFIBERC L VYKL, Z 2 EHKO plasmid ®
DNAWH 2BEEES 38, ML49B3 2ZAFEE LT
CET (25 ug/ml) %%\:i3 CAZ (1.56mg/1) iz &b
clone R &ER U7z, ZOFER, Bam H1MEWZ X -
T DNA ¥ 4 X 4.9 kb DNA Wi i 43 pHSG 398 1 f&
BL7zrEZoN57.1kb OHEAEZENEO NI

(Fig. 2). Zh 5 ® cloning #ki%, wWT¥hd AZT 2B
< CET, CTX, CAZ 8 X U'IPM, PAPM %z &zt L
TR L7z, Boni-FEELED> 5 DNA 2#
HL, ZOHIRERUIMHKEZ/ERL 72, pKU 61,
pKU 62, pKU 63, pKU 64 @ DNA #IREER YR
BIZIEEUCTh o7z, %72, pKU61 & pKU 63 2RFE
LT, 2N ZFh ODNAXRBEK ZHIMEL, car
bapenem it & SA Mt MG = e 7z, Fig. 31
pKU 61 13K ® cloning #k® DNA #iIPREER Tk #i ]
DEERERLUI.

Carbapenem ¥ifi {4 % 8 5 plasmid HEEEFi2 D
W TR, Zh % TS aeruginosa H 3 @ plasmid
pMS 350 &I T3, ZI»S5HEKL /z clon-
ing £k pMS 361 @ DNA EEET|» &% 5 h 7z HIR
BEEME I, Fig. 4 KR L7zZ & pKUBl KD Z

R E & F

pKUB1
(28kb)

BamH 1

Vector

Vector

Vector

Fig.2 Construction of the shortened plasmid pKU61
and of the recombinant plasmids using the
plasmid pHSG398 as a cloning vector DNA
Sfragment of pKU61 is represented by the thick
line. The thin line showed the vector plasmid

_ PHSG398.
hEiZRECTH- 1z (BFFHGE).
Sph1 Smal HindIl HindIll
BamH I Pqu( Hindlﬂ/ Hind 1l sphl Sphl  Pstl BamH 1
1 L | | 4.9kb
Hpa IJ L Hpal
11 ] ”l | L 4.1kb
[ | ”| | L{ 3.5kb
! | 1 | 11 2.9kb
Fig.3 Map of restriction enzyme cleavage sites of g-lactamase producing gene of pKU61
0 1 2 3 4 5 6 7 7.4(kb)
l | | ] 1 ] 1 | |
Pwll Sphl Hindll Hpal Hindll Ncol Sphl Ncol Pstl EcoRV
Bamil N (¢ NN N N/ BT NF
1 i | B L) LI L 1 ET IRIV 1 LI
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Fig.4 Map of restriction enzyme sites of S-lactamase producing gene of pMS350
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Hydrolyzing activities of the enzyme from pKU61 against g-lactams Relative rates of hydrolysis of the

substrates were expressed as the per cent of hydrolysis of cephaloridine.

B-Lactamase DX EHFEDRET

4 [a145 & L 7z carbapenem i 14 plasmid % 2 &
R ¥ 72 E. coli K12 ML 4953 »> & B-lactamase
HHEER R HEL, TOEBE/REEELHRAT, 4 HEk
DEEF X, CET, CFX, CTM, CAZ7% ¥ @ ce-
phalosporin ## 22 T, IPM 2% % & L 7z car-
bapenem R¥ % BIF B L LT, OoBRIEINE
nD f-lactam FERNKSEL 72, UL, AZT ik %
STz A MAKRGFR Ui odz, L4, WIhOERD
ABPC IZEERT CET % BiFRHE & LU TIASEL
Jz. Fig. 5 i pKUBLDFER Z2 R L T2, T DS -
lactamase OEERFEME ORI, Tn X OHMRKY
7z penicillinase (class A #l) T#H % TEM-1 77 4
P tE AR ok O YR M BE 5% T & % cephalospor-

inase (class CHl) O#Fh & FHHS MICHE R > Tz,

Wiz, p-lactamase [HEHFIE L UEEA 4 > D
PRRET L7z, ZOREER, pKU61 HEDEESRE D CVA,
TAZO® SBT WL 2[HERLT»THo 7. Zhi
XL T1mMEDTA ORI & D, £ OBEEREE I
LFHES N, £ DM, CuSO,, CoSO, #imC & -
THBEREEDOET AR 5Nz (Table 6), %72, B
% (.05 M phosphate buffer (pH 7.0) T 2 K&
L, ZOEEEANLESR, BREEIETTO
65.8% TH -7z, 22 1mM EDTA 25Ny % £ &
FEERD T2 2A4BITET L2, Zhic 10mM
ZnCl, &ind % L BEREERTOBEED 35%1F &1
EIEL 7.

Table 6 Effect of inhibitors and ions on
the activity of pS-lactamase
from E. coli K12 ML4953 carry-
ing pKU61 plasmid.

Inhibitor Per cent inhibition

1 mM 100 g M

Aztreonam 12.7 6.3

Sulbactam 15.8 0

Clavulanic acid 0 30.5

Tazobactam 13.9 0

EDTA 95.2 90.0

O-phenanthroline 94.4 61.1

Todine 1.9 1.9

HgCl, 90.5 91.6

CuSO, 85.0 58.5

ZnCl, 0 2.9

MgCl, 13.0 23.7

CoSOy, 61.1 29.6

% =

S. marcescens DEEFRAED & D5 HEFRIZ 2~3% &
ZRIEEBE L RV, Lo, SEERE O 20~30% 255
LN TS B-lactam FEX quinolone F7Zz Lt L
THERZE T2 Z E28bhroTWBEI¥® - Z g, S
marcescens 5, P. aevuginosa < 77 LAEEHEE
DO THEBRIZA ST class C B g-lactamase % 5
EAT B Z L, FHEA class C BIBERELE,» S, Lb
@ % 55 =1 {X cephalosporin 3 % 5 E it B 23 103
~07HEETEIRENS ZLICL B, ZDEHIELT
SEEE N TR X, class C & g-lactamase # % &
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WEET 2HEMNH >, —7, carbapenem ETH 3
IPM X PAPM % F\» T in vitro T® S. marcescens
7% ¥ OIBNHER OB & BEMEE OS82 A
72h, TMHEEROEEhEY RERT—2%). 2h
1%, carbapenem DA BEEMEHIER I REFTH S
72, Bz g-lactamase DELEBRBHEL TH MIC ©
EREBREShZWIDEEZ OGNS,

—7, RSB S. marcescens WX % IPM D32
ML, BRHEEROEEOHF Tlkis L AIEL W E
FABRSNE, ZORICDWTIX, HELVEHBE -
el ZdhTwizwn, bhibhik, IPMZ ¥ car-
bapenem B D RZESAHH S AN T BRI, B
class C & g-lactamase DELEEDEREKE TR, T
L AHMBGE BRI OMMEREC X 2MHEE L E X 5
Nl HBFELREEZ T,

SEFERSBE S. marcescens DHH 5 IPM, PAPM
% &0 p-lactam T %R LR % 4 BROBEL,
Z0 5 Ok 5% XEC T % plasmid 2@ 5% Z &
Bk, W o plasmid H 28-32 Kb DNA + A
A»6%D, ZORMEMEE HEBEFIE D, ¥
7z, TS0 plasmid 1%, EERDSEEMED >R EHE
BIABENETHAMF IIE®D plasmid 2 & - T
BGCROERCAEBI ANz, 7 —F KRR
Mo 723, plasmid Wb P. aeruginosa E xR
BATBECTH o . U EORERIZ, $B»»2EERO
L, mEMplasmidic > TESRHTEBEN S
plasmid ¥ B2 @ carbapenem 3 fif M 23 B IR 4 B
B OB R T 2REESRBR T, L,
SERHE L 72 plasmid XH @ IPM ® PAPM fif ¥4 &
1%, E. coli K12¥Ti%0.78~1.56 mg/l1 L{&» - 7,
Z DFERIZ, P. aeruginosa THREINTWE LSS
[ElI#&EY L 72 S. marcescens b carbapenem 3D HEE
3BHEDS, cephem HIICHANTELIENLTWBERS
REELTWaHeEZ 55298 Fuifiz hid,
carbapenem #lix Z © BiF 72 FH| D FE B % K U
HOWEFKRLEN D, BRHEROERE T car-
bapenem EMHEISRIRINIZ L, FZHEL TR
HRNEEEE 2 5 LIRRINC 3T RRRTHE & &
zZ5h3%, L»L, carbapenemase EAH IZAEER
RN % & Z OMMEEIIA & {E8T 2 REED
EZTBLDLEYRDH A5,

B, KT, FLEARZ VD [iw cephalop-
sporin RE 2 K3 # 3 % extended spectrum S-
lactamase (ESBL) & & 2fitEEOHENHE SN T
VW 1028-2487 2 o & D ESBL idclass AZI G-

lactamase ® TEM-1® SHV-1 & D #E#E = F D
DNA DIEEFFIH 1 R LEEEDb2Z itk Yy,
TNETNEERRAEISLARLIZERETH D2,
class A & g-lactamase DFIHEZE TH % clavulanic
acid (CVA) *® tazobactam (TZB) & & - CHESX
n, ThdDERBEWN L T carbapenem #IiZ55\$7
WhEHET 3, Ly, SESHEEL 7z carbapenem
Eiit b dclass BEERIX 2hdp-
lactamase BHEHIDFERIT & A LR 2\ E CRIE
ThHn),

Imipenem 7% ¥ @ carbapenem #| ix 7 5 A&
BoPBP2 it/ L CHE 2T 299, Z 0 car-
bapenem 3% Nk f# 3 % carbapenemase i, %0
EHERIFIC Zn*t 4 A V2 DE LT 8B A 4 VER
BRTHY, ThoOBRIVL OhOREEDL S
BTV B HINNN22N308638) 75 1, R 4B (D e fa
MRIEFZEC D IPM K EEERE LIV { D i
ST 309288 2o CIHNAER OBERE T,
S. marcescens HFDEEFR £ L Tix Osano % Yang 5
WERE LTGRO ATH 52229, UL, Yang 5 D
& U7 S. marcescens HEDEEFR L, Z D TEM-1
Bp—> LEJIE&h, Osano & DERIREEETDH
5, LlzdoT, WEDE Z 3 IPM %4 5 plas-
mid &, EBS W X o THEG S iz P. aeruginosa M
FDEEM plasmid pMS 350 7213 TH %%, LaL,
PMS 350 iZ E. coli K12 R BB T E R W E X
T3, 20 DSEBARMERID S. marcescens
» 6 D)7 IPM, PAPM, MEPM it i Bib 2
carbapenemase E4EREF 2{RE $ % plasmid 135
NHEROBEE TR TOMETHY, S4BD car-
bapenem XM OBAEH S FTHEETH 3, 4%
@ carbapenemase EEAEEEF DNA OFIREER K
i, BIREICTH - 2. ZORERIZE Osano 5 53Kk
& U7z S. marecescens ettt BEFHEOZ L L
HEML T2, 72, IPM ® PAPM 7% ¥ @ car-
bapenem {5 & U T X. maltophilia 7z ¥ D341 5
hTBY, TOREEEERZRFXEOBEH T car-
bapenemase T& 510192238 (Qgano & DFER 2 &%
WWPCR¥ W X Y DNA D FHE M %2 BET U 72 28,
pMS 350, pKU 61, pKU 62, pKU 63, pKU 64 DNA %
template & U THWIZES, Wwihd DNA OBFiEss
B b, PR X R carbapenemase
B4 O DNA » 5 12 DNA OHEIB Ko -

(F—=%mR&F). LIzt oT, S. marcescens HED
plasmid X D carbapenemase EABEFIZ DWW T
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X, SR SIFEEMCREL, TOEREHES»IZT
BZLEBEHD D,

& B3

BRI B E R D Servatia marcescens 120 k>
5, 28~32 kb OFE{REM plasmid pKU 61, pKU 62,
pKU 63, pKU 64 24538 L 7z, Z @ plasmid i car-
bapenem & % 13 U & U 7z f-lactam ZEt {4 & sul-
fanilamide i 238>, Escherichia coli K 12 Bz
BEEHAIRETH - 72, % plasmid & plasmid R 9-5 &
DR & > TERICHBIE Nz, 2D plasmid FF
E. coli K12% ® 10¢cfu/ml ® MIC i, sul-
fonamide>100 mg/l, cephalothin & cefotiam x>
100 mg/l, cefotaxime & ceftazidime i% 12.5~100
mg/1, aztreonam 0.05~0.78 mg/1, carbapenem 3% |%
0.39~1.56 mg/l TH -7z, %72, plasmid XED 8-
lactamase I3 cephalosporin & # & carbapenem
% inAk 44 % class BZEl B -lactamase (car-
bapenemase) T# - 7z, Z @ carbapenem i {EE R
Fi&, Bam H1iZ&>T# 4.9Kbp O DNA Wi
cloning L7z,

# 22

SHEEITIIHTD, FOEBLAIKMEROR
JIF & o T2 UMK B S B 2 3 K R RS s v et
LET. £/7, COWRICWT-2BETEX DBER W
WIZAMKEERGR R E B2 &5 kB X%
EERMEEHEF EMAER L Th 2 ZwefileL
N=tv: 3
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