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MR REOME (Fi30) ( IMP-1 A ¥ a0 — B —F 7 Z<—BIIHNVARARRLEZIILO ETHIFL
NETRTDB —F 7 Z LFJNEMKGEL TRELT 28O In(1D) BER TH O | SEHANmH %
BEDO—DIZHE LTS, Fexid, IMP-1 AXa—3—F 7 X<—ED 250 In(ID)FEEHA
k(Znl & Zn2 %A F) 235 Zn(11) 2BV BN = 7 A8 IMP-1 %35 (apo—IMP-1) O FH L 2 ffe~7. L |
In(11) & Co(I1) D& JEA AT T 5 Znl & Zn2 YA b ~OFEEH Rt 2 240 - #1461k
WX VREI Lz, 1 MED Zn(I1) & 148D Co(I1) 25T apo—IMP-1 DS —FTHILIL 2~ 7
RADSHWTT 5 &L Zn(ID 1 Co(IDITHA Znl B A MTE WS EMEE =T 2 &b o
T2o E72. Co(II)EHa IMP-1 %55 (Co (1) -IMP-1) Z FAVNT A L h 7 HFEEE & OFE HAEFIC DWW
THONFNTHET LT BRI L Y . apo-IMP-1 OB &BAS S EL~D Co(11) E£7-1%
In(ID) OFE AN R A LY —B -T2~ —CBHEHRTHDAND T NEER &
Co(ID)-IMP-1 & DFEAHRNEHEET A LN T,

MR R OB (JE3L) @ IMP-1 metallo—B-lactamase is a dinuclear Zn(I1) enzyme that
catalyzes the hydrolysis and inactivation of most B-lactams including carbapenems, and
is involved in one of the mechanisms for generating clinical resistance to antibiotics
in pathogenic bacteria. We investigated the metal preferences of Zn(II) and Co(II) for
the apo—enzyme of IMP-1 metallo—f-lactamase, apo—IMP-1, which contains a dinuclear metal
binding site (the Znl and Zn2 sites), by UV-visible spectroscopy. The UV-visible
spectrum of apo—IMP-1 containing 1 equiv. of Co(II) and 1 equiv. of Zn(II) showed a high
preference of Zn(II) for the Znl site compared to Co(II). The interaction of IMP-1
metallo—B-lactamase with mercaptoacetic acid was also investigated wusing
Co(II)-substituted IMP-1 and UV-visible spectroscopy. Possible metal binding modes of
Co(II) or Zn(II) to the dinucelar metal binding site in apo—IMP-1 and of mercaptoacetic
acid to Co(II)-substituted IMP-1 are proposed
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AHa—f =77 X~v—E(LLF, MBL &I
) IE 1990 FARNTAFR Ty 72 1 HEA it D
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2. BrZEDOHM

ARFGETIX, BRR CH 72 I w30 MBL PR
B 24y F ik it 5 - D ICBEE DR T L4
JBA A DENLERSE & Fox NS L LE
A« FA—NALEY (1) OIEMEF LA 4
Y AOENLE S NS D BB THRFEN
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3. WrFED HikE

(1) IMP-1 O BfEks®L  Serratia marcescens
TN9106 #RHIkD o 7 F VT F KRR
7z pET9a/d-IMP CIMEHA#A L 7= Escherichia
coli BL21(DE3) 2>% IMP-1 Z ¢ CIZHE &L
TWD FIEICE> T, R L7 @), 72
72 L. Dy 2359 3.5 DK, IPTC % 1 mM &
RAHEIICEHMLTZ, 10L OREIEIG., K
240 mg DIEBFER 25D Z LN TE -, Bl
ST OMEEREIL. 15% SDS-PAGE %
WTITo T2, DR~ —h—DAE ) DR
B35 D4y - BH 25,000 Dalton Th Y, H
— RNV RTHDH LR,

(2) MKRIEMEDORE  IMP-1 O ZEE K
SR MEDORHIIX, LRI K > TTo
7=, Cephaloridine 100 uM % & #e 50 mM
Tris-HCl (pH 7.4), 0.5 M NaCl, 2 pM #il§i#g
HHENFEMETR 3. 1 mL & UV E/LIZ AfL, 30°C
T b ko T-te, AR L ICBEREIRE v
LM OFERIRE L 20D X D2 10 ul iz,
FREIEVIET 260 nm 2B HWIELEEDE
{b% 3 SrMRRRFAICHIE L7z, 260 nm T
Cephaloridine O 7% /LW AR ¥ % Ay, =
10,500 Mem™ & L. EHRAY 72 W EHE Db H
AL v, 2RO,

(3) IMP-1 DiE®R  IMP-1 DJEREE LS IEIEHE
HBIZX kD=, T78bb, IMP-1 OENAH
WAREL % €050 = 49, 000 Mlem™ & L (3), IMP-1
IR D 280 nm (231 DRICEE D 5 BT 2 H
H L7,

(4) 7 IMP-1 %5 (LA apo~IMP-1 & W)

OFFRL IMP-1 %% [50 mM MOPS—NaOH, 1.0 M
NaCl (pH 6.5)#EfiE]Z 30%D 7 Y&V 1z
RHEH27V Y E M=%, 50 mM
MOPS-NaOH, 1.0 M NaCl B (pH 6. 5) [Z¥&
2 L7z 200 mM EDTA ¥ % 50 mM & 725 X 9
WA L9 oMMz, 30CT 12 B @E w7z,
Cephalothin AMZK/MEIEMEDY EDTA ARALEED
IMP-11Z%F LT B%Ic 7o 7= 2 & R L1=%.
5C T PD-10 75 A (¢ 16X 50 mm) 2L, 30%
7% v &ETe 50 mM MOPS-NaOH, 1.0 M
NaCl % (pH 7.0) T L. #9200 L 45
W LT, ENENO5EO 280 nm (28
T BWNE A RIE LIREAZE LT,

(5) Zn(11) 45 F TD apo—IMP-1 DIEM:DIA]
8 Cephalothin 100 pM % & ¢¢ 50 mM
MOPS-NaOH, 1.0 M NaCl, 2 pM Flfs fiignie &
W (pH 7.0) 3.1 nL & UV BAANIZ AL, 30C
T 5 k- 7o, AL THELNT
apo—IMP-1 % 50 mM MOPS—NaOH, 1.0 M NaCl,
2 uM REEEERSR. 30% 7V & U kR H(pH
7.0) THRL., ZOWREELF 1 M OF
TR LD L9110 uL Mz, FERIED
IR 270 nm 2B WD E 3 45
FRIERGICHIE L7z, 270 nm T® Cephalothin
D =T N IARE % Agyy = 12,950 Mlem™ &
L. BRI E ORI BHERE v, &
KT,

(6) Co(IT) @& #. IMP-1 W% % (LL F .
Co(IT)~IMP-1 & M%) O "I -4 A UL A~
7 by 7oA KL 150~ 178 WM
apo—IMP-1 ¥&¥% 200 pL (2 25% 7' V&V v %
42050 mM Tris-HCl. 1.0 M NaCl #EEi#& (pH
T.O)EN LT L R % 0.2 B &35
(1 p) Nz, B2 TIRFn L7274, ==1E T 290
—800 nm OWILARYZ ML EHKEE 1 cm D
R/ EACTHE L, ZhEESE |
Y4720 Co(11) & 2 M EF THVIK L,
(7) 2 FHEOEBA 4 CTELI-EED
AR -SRI A X7 bV L 178 pM
apo—IMP-1 ¥&¥% 200 pL (2 25% 7' V&V v %
42050 mM Tris-HCl. 1.0 M NaCl #EfEi#& (pH
T.O)EN LT L R % 0.2 B &35
(1 p) Nz, B2 TIRFN L 7=, ==1E. T 290
—800 nm OWILARY ML EHHEE 1 cm D
R/ EACTHE L, ZhEESE |
Y4720 Co(ID % 1 BEFETHRYIRLT,
DX, 2B% 7V EY EET 50 mM
Tris-HCI, 1.0 M NaCl FEE{Z (pH 7. 4) (Z¥&ED>
L7cmsfeiigns 0.2 Y &3>0 ub) Mz, 12
SLMMTIRFI L7214, =R T 290—800 nm D
IRANRY MVEWHE 1 em DI 7 ubkL%
HOWTHIE Lz, ThEBEE 1 51470
In(IDZ 14 &EFTRYIELE, £, [AEE
DOFFET In(11) & 1 B &R, Co(11) % 3
WEFETHIMURIL AR MLVERIE LT,



(8) Co(IT)~IMP-1 L BHEHA « 3- A /L7 7 M
it & O ARSI AT N VEL TV
2K T 168~172 uM Co (11)-IMP-1 &%

200 uL 12 25% 27 V&V v &ET 50 mM
Tris-HCl, 1.0 M NaCl #EfE#K (pH 7. 4) \Z¥&E D>

L7z ANVH 7 MEEREZ 0.2 459D (1 ul) AN
2\ R MTIRFI L7214, =BIR T 290—800 nm
DRIXART bV ZEFHREE 1 em DIk
NERWTHE L, ThEiE 1 oY%
D ALK T FEERR A 2 MEE THRVIRL 7,
F72.25% 27 Uk &ET 50mM Tris-HC1,
1.0 M NaCl #EM7% (pH 7. 4) IZ¥A L= 172 M
Bl = 2L R 200 pl 2 25% 277 ) & U v
ZETe 50 mM Tris-HC1, 1.0 M NaCl #Efliik
(oH 7. DITEEN LT AN T 7 FEEREZ 0.5 4
BT o 0 pl) & 2 Y& F T[RRI A
7 M ERE LT,

FADE S
Pseudomonas aeruginosa B3 @ IMP-1 D&M
PoEEZR 1 IR T @, FH L O
Zn(I1) ZnDIZIL 3 2O ZAF T 03BN L.
20 In(Il) Zn2) Tz AFT v, T AN
5?/@& VATA / KG3F DAL L T
—IZ MBL Tl AUERNLF- & LTKE
f:lil:] QX T =AU N IO 2 D Zn(11)
BUE L TV DA, 2O IMP-1 @ 3 IRIeHiE

‘iﬁﬁwéﬂiﬁ?ﬁ)oto LorL, €07/

FERCBIFE R e Ev DB 2 5 & IMP-1 12 %
RGN & LTKRERLIZE RrF o7 =
FUNHIETDHEEZEZLND,

ARHFZE T, S. marcescens EE§E0)7 A
B IMP-1 MBL Z MV, apo-IMP-1 ZZ& &I
92 kAWML LTI ‘H‘/]’ Ly
k72 Zn(11) % Co(11) [Co (IT) (X Zn(I1) & 13
ER A A8 Zn(11) 0. 74 &, Co(I1) :
0.72 AJIZ{EH# U 7-REE (Co (1T) -IMP-1) % 7
WL, ®BENOREZ 53 FHNTHRG LT,
E BT, FA—IALAWH INP-1 % AR
fREFTHZ L2 RH L), FDOREN
TEME T DEAL DB 8 A A ~DEALIZ K
ZEEHAOMNIT L HMTHRE T 70,
Fig. 1. Schematic representation of the
active site of IMP-1 from Pseudomonas
aeruginosa (PDB code 1DDK). The Zn(II)

His196
© wat

His116

atoms and a water molecule are shown as
spheres.

(1) apo—IMP-1 OFHHL  IMP-1 % 30%2 U & U
V& Ede 50 mM MOPS-NaOH, 1.0 MNaCl, 50 mM
EDTA #% ik (pH 6. 5) 1, 30°CTA v F 2X—

N L. EDTA CTEEHE2 D Zn(1D) Z BV frx
apo—IMP-1 ZFHHL L 7=, Cephalothin Z W
THNAK G FENE 20 L. 50 mM EDTA % 7
72N 50 mM MOPS-NaOH (pH 7.0). 1.0 M NaCl
W B DMK Sy RS 22 100% & L7- & &
NG FRIEYEDS BBLL N2 o 72 2 & Z i
Lf_o DWTH LA (PD-10) 12 L Y # X
7 4y 6 EDTA 3 BEL . 2L Z o
apo—IMP-1 ZFHEL L7, FHH L7z apo-IMP-1
DOIEMEIX 100 uM OFEERHER DRI LV K
100%DEIE A R & vz,

Fig. 2. UV-visible spectral changes of
apo—IMP-1 with varying concentrations of

Co(IT) or Zn(II). (A) Solid arrow:
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apo~IMP-1 (150 pM) in 50 mM Tris—HC1 (pH
7.4), 1.0 M NaCl and 25% glycerol was
titrated by 0.2 equiv of Co(II) to a total
of 2 equiv. (B) 1 equiv of Co(II) in
increments of 0.2 equiv was added to
apo~IMP-1 (178 pM) in 50 mM Tris—HC1 (pH
7.4), 1.0 M NaCl, and 25% glycerol (dashed
arrow), followed by the addition of Zn(II)
(0.2 equiv increments) up to 1 equiv (solid
arrow). (C) 2 equiv of Zn(II) in increments
of 0.2 equiv was added to apo—IMP-1
containing 1 equiv of Co(II) and 1 equiv of
Zn(II) (see final spectrum in Fig. 2B). (D)
1 equiv of Zn(II) in increments of 0.2 equiv
was added to apo—IMP-1 (178 pM) in 50 mM
Tris—HC1 (pH 7.4), 1.0 M NaCl, and 25%
glycerol, followed by the addition of
Co(II) (0.2 equiv increment) up to 2 equiv
(solid arrow).

(2) Co(IT) D apo-IMP-1 ~DfES T
KWTF. 25% 27 V%Y &E&T 50 mM
Tris-HC1. 1.0 M NaCl B (pH 7.4) f T
apo—IMP-1 & Co(II) DAy E Z T 7=, *
DERA =TT A7 b VEEALE K 2A 1T
3, Co (I1) % apo—IMP-1{Z¥IN L T < & 350
m (ZHRVIIY & 500—650 nm D AR GEIRIC
d-d /N> RIZHES S WIN B S iz, Al
£ Cys221 @ S I b Co(II) ~ D
LMCT (l1igand—-to—metal charge transfer) /\



U RTHDHERE LI, Zd 350 nm @ LMCT
NV RIE 221 \ED Cys & Ala ([ EH#L L 7= IMP-1
EHRKD Co(ID) L TITHERTLHZ 0D
b REE SN, LMCT & d-d Oy Rtz
Co (1T) DEMNTAE - TWULFREEIZIEM L. ap
FOBEEFENT-Y 2 YETHILZ, 1 4%
@D Co(I1) & e apo—IMP-1 DALY ~LiX
350, 520, 552, 612 & 635 nm [ZIWRIVAR K %
AL (X20), ZZ2C350nm @D LMCT /X R
DWRITLGREE D> S Hrd 25 & Co(ID) 1% Znl &
2 A MZ2: 1 DEETHMALTNDEE
N5, ZOREEIL de Seny &Ik - TH
X7z Bell MBL OfEH- L —F4 5 (5),
Co(I1) & apo—IMP-1 & D43 ¥ EIZ L » TH
SNTZ AT S AVEALD S DynaFit 7’1 7'
2(6) W ES K, #HM L=, =0
AERL K 13< 60 nM & K12 0.3 M TH D Z
ENbhoT= (5. TRREHRITOBIR),

(3) apo-IMP-1 128175 Znl & Zn2 %A b~
D Co(I1) & Zn(11) DFEEHFME  apo-IMP-1
D 2 ODOEBFEEENAL~D Co(11) & Zn(11)
DB E R L, 73 K5 T
26% 7 V&V v &E&Te 50 mM Tris-HC1, 1.0M
NaCl FEfE % (pH 7. 4) T apo-IMP-1 12 0.2 4
ETO1YED Co(11) ZEBANTHIN L&,
In(ID% 0.2 ¥ &FT WML TWoiz, £D
EEDARY MVELERK 2B 1TRT, 1Y
D Co(I1) & Tp apo—IMP-1 D AT K jLX
350, 520, 552, 612 & 635 nm ([ZHRAWLIL %
AL (B, 2z 1 4 &0 Zn (1) Z 3N
LCW< & 350 nm DOWRULFREE 2SI LT U
STz, —F., d=d N2 RDE LWIRINGRE D
BEAMIBUAI S N2 o 72, 350 nm @ LMCT
v ROWLUILGREE OEENNE Co (I1) D Zn2 ¥ Ak
~NOREBRICEZ LD THDH L ERELT
W5, Fhhbz, ZOAXT ~LOZEENT
In(I11) D Inl B A F ~DFEBITfE - T Co(11)
NInl A b2 S 2 VA F~BELTND
ZLICERT S, LERN- T, Zn(IDIX Zn2
B A MR Znl YA P MEEMICERT D
ZENbirol,

SEHIT 1T YED Co(ID) & 1 MED 7Zn(11)
ZETr apo-IMP-1 1T 2 4 & Zn (1) ZHIN L
TW< & Zn(I1) J2EE o Nz fE - T 350 nm
& 500—650 nm OWLLFREE X L T iz
(K 20), 2Nt Znl & Zn2 OFH A RSB
T, Zn(IDIT X - T Co(11) & B A AL
LBt L TWAHZ L ERBTHE DT,
n(ID X Co(IDITE D LA MTBWT,
FoEWAEMEEZRE L TSI END
mB,

2D TiE, TAIT R TF. 256% 7V &
U &ETe 50 mM Tris-HCl., 1.0 M NaCl #%
R (pH 7.4) T apo-IMP-1 T 1 ¥ &ED
In(ID) % 0.2 YEFORMLI-B, 5122
BEDCo(ID) % 0. 24 ETHDIHRML Tho 7o

EEDAXRY MVELERL TS, 1 Y&
D In(I11) 1F4E F TlE apo-IMP-1 D A7 kL
WCEAITRD BN o7z, ZHUZ Co(1l)
PUIMLTWL & IMCT & d-d O Ny R4k
(RN ERE NN L 72, £ LT 2 ¥ &ED
CoID ZFEMLIzEZ DAY MVIEK 2B
DAY hvE—FH L, Co(ID)iL Zn2 %A b
AFEALTWSLZEZRLTWVD,

T THBREWN Lk, 1% ED Zn(1D)
% apo— IMP-1 |[ZIRINFZIZ 1 £7213 2 ¥ ED
Co(Il) ZHM L7z & & D 350 nm @ LMCT /X
RO NS4RS (o) 12N E I 730 £ 900
M em! THhot-, ZTNOHDOfEHIT 2 ¥ED
Co(IT) fF1E F D apo-IMP-1 @ E /LWL JEA% %k
e= 1,200 em KV H/NERETH -T2
(K 2A:Co(IDIF=RITIN2 Z HA L TWA],
LY., Zn(IDIE Co(ID) WMATIZT TIT
nl & In2 OWH A ML TWHZ &%
RLTW5D,

Fig. 3. Spectrophotometric titration of
Co(II)-substituted IMP-1 with
mercaptoacetic Acid. Solid arrow:

0.25
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*350 nm
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apo~IMP-1 (171 pM) in 50 mM Tris—HC1 (pH
7.4), 1.0 M NaCl, and 25% glycerol was
titrated by 0.2 equiv of Co(II) to a total
of 2 equiv. Dashed arrow: 2 equiv of
mercaptoacetic acid in increments of 0.2
equiv was added to Co(II)-substituted
IMP-1 [apo—-IMP-1 containing 2 equiv of
Co(II)]. Inset: plot of the absorbances at
350 nm (squares) and 650 nm (circles) as a
function of the concentration of added
mercaptoacetic acid. The absorbances of
apo—IMP-1 and Co(II)-substituted IMP-1
were subtracted from the absorbance of
Co(II)-substituted IMP-1 added
mercaptoacetic acid. The solid lines
represent fits obtained from numerical
simulation of a one-step binding model to
the data using the program Dynafit (BioKin,
Ltd.) (6). The apparent dissociation
constant obtained was 14 pM.

TR 72 R CTIE H D3, apo-IMP-1, H
¥ Zn(11)-IMP-1 & BpAER IMP-1 OrRZEER
EEIE (DSC) 2 | BRI (T) 1IXFnEih
apo-IMP-1 T X 56.4 °C B
Zn(11) -IMP-1[apo—IMP-1 IZ 1 M &E® Zn(I1)
WML TR L6 0] TlE 56.5°C, B4
B IMP-1 TIL 76.9°C T o 72, T 5 DOkt



25 ZInl [ IEERTEHICRE LS HFE L, —H.
2 V& X BRSO TEAL & TR Ot
NEOW EOWM FICEERZE ZH > TV
HIENHLMNE ST,

(4) ANVH 7 NEEEEE Co(I1)-IMP-1 & D#H
HAEA LDal. Bxo 7 r—7l2k-T
IMP-1 BNF A — b EMIC L > THEIND
ZEEHRELEWQ, e THLRRBIZT
F—=NEEFFDO 2-AN AT N T r A R
(PHETE K, = 0. 19 uM) . A /v 7 MEERE (K,
=0.23 p) RS PAFE L2, £ T Zn(1D)
% Co(11) |ZiE#a L7=fEdR & vy, IMP-1 [
Kl LT < FF— AL BB IEME R L0
EEA T ABALT B LIk > THEER
EFTHZLEHLMNICT DO,
apo—IMP-1 12 2 %4 & ? Co (11) & ¥ L C 3
L7= Co(II)-IMP-1 %3k & A H 7 MR D
HHEAER %2 8850 - FTRIL A Tk L5y 6k
WX > THRE LT,

TN EN T, 25% 27 ) ' U EET 50
mM Tris—HCl. 1.0 M NaCl #Effii% (pH 7. 4)
T Co(II)-IMP-1 B£52IZ 0.2 Y& 2 Y&
D AN 7 N EEEE Z BRI IR L Ty o
T EDART MAELERK 3ITRT, AL
7 SEERR A& Co (IT)-IMP-1 BE3EIC 24 & %
THEML TV & 350 nm @ S—to—Co(II)
LMCT /XY R D3 LWIRIGEE OGN & d-d 3
v ROWRIAEK (555, 597 & 635 nm) DEJ
F~D 7 k&N T2 5 W IR EE o B
MBAERI Sz (K 3), A ORI ALY
7 MEEER D S35 Co(I1) ~dD LMCT N RiZ
Jf#JBTX %, Bicknell 2% Co(ID)E#a7 >
UHAT vy 11 BEHESR (Co (1) -ACE) %7
WL, FA—NAHEAITHL AT T I LD
Co (I1) -ACE ~D & EFRA A 43 H P A FH -~
TW2A (7). Co(I1)-ACE DRIFEMLIL Z 27 |
JU1E 525 nm (= 75 M' em™) 1o/ & 72 WGV %
RGN captopril OWWMIZ L > Td-d/ X R
2N % U 5 E X S K L, 540 (e= 350 M
cem?), 618 (520) & 637 (560) nm (ZWRIN Z o=
L7 ZOWRROERE[A~DWEOBE) &
WU SR DN, BLEH OTEVEF L 8~
REAIZ LA Co(ID) D d-dEB ORI L 5 &
EnTna,

IMP-1 AV 7" N EEmS Z U0 L 72 BR D IY
OEALDOEEIT. 344 nm @ S35 Co(Il) ~
D IMCT /X2 RO ENEAE IR O
BN L2 & & 500—720 nm DOWRIL D
BEALSWIE D7 F LT LAB =72
AP ENnZL o1z b2ETHhs, =
D AT by E AL X Co(I1)-Bell
MBL-D-captopril #HEEKDZIUTHELEIL TV
5(7),

BT IEEESE 1 mol IR LTAkE LT
Co(INIE 2 mol EFENTWND I Enb, AL
BT NERB A EBEEICHES L T WiEEED

Co(I1) & 85T B FIHEMEIN B 2 HILT2 23,
[ — T OEEE = 3L b OFEER~A VT T
MYEBEZ NI LT- & DAY FUiE, N
LI XML AT ML 3L B
STWNAHZ LMD, ZORREMIIEE SN D,

WIN L7 AV H 7 N FERRIREE (2% LC 350
& 650 nm DWNEZEbE Ty T HE [ A
IV 7 NEERR]/[Co (IT)-IMP-1] DR FE LAY 1
DLETT T h—IZh BB Bl sz, =
AT, AT 7 NEERERDS Co(11)-IMP-1 {2 1:1
THETHZLEZRLTW5S, DynaFit 71
7T 5(6) B HNTHNTOfEEER K =1
EHEELEZAU WM ETRoTE,

Antony % |X polarizable molecular
mechanics method SIBFA % FH T CcrA MBL
@ captopril =2 thiomandelate PLERIDZE
REEZ BT L TV A (9, 10), PREHIAS CerA
ICHEA LT L EREEILS1E2 20 Zn (1) 125
& L7z monodentate $E(KCTH Y . captopril
*F 721X thiomandelate 43+ H1 >-C00™<°-C0O &
WZIEME RO O T 2 B L AR ALVEH
LTWd, 6 0fR 1L, BlaB MBL &
D-captoprile (11)=X° IMP-1 E£ 721X VIM-2 &
AT T NIHARF L— FNREHR EDHE
AROREEEE - B LTS A, 1),

Co(IT)-IMP-1 & A V17 b HERE D4R 7]
I IUY 2~ 7 )L molecular mechanic
calculations XX R fn i & AT D5 R %
EET DL, ANHT NEEEERD SH HiX 2 o
O Co(IDIZBEBLTEANLLTND EEZD
b (4),
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Fig. 4. Proposed modes of reconstruction of
IMP-1 from apo—IMP-1 by Zn(II) and Co(II)
and the interaction of Co(II)-substituted
IMP-1 with mercaptoacetic acid.
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