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Fig. 1. Ribbon structure of the class A (a) and class C f-lactamases (b) complexed with good

substrates, penicillinG (a) and cephalothin (b). Active site structures are shown in (c) and (d),
respectively (PDBi: IFAG??) and 1KVM!®). Deacylation water and Glu166 for (c) were placed

manually.
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Fig. 2. Schematics of the two step mechanism of class A and C
[-lactamases.
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(a) Overlay of the Ca atoms of the SHV-2 [f-lactamase (yellow) on the SHV-1/-lactamase (blue). (b) Clos-
er view of the B3 and B4 strand and Q loop region.
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Fig. 5. Comparison of the class C [f-lactamase acyl-intermediate with cephalothin (1IKVM!®),
ampicillin (1L192), ceftazidime (1IEL!7) and aztreonam (1FR62%).
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Fig. 6. (a) Overlay of the acylphosphonate in the class C ESBL E. cloacae GC1 (green, PDB:

1RGY) and nonESBL C. freundii GN346 [-lactamase (red, PDB: 1RGZ)™). (b) Conformational
change in the w loop of the GC1 f-lactamase upon binding of the phosphonate (red). ligand-

free conformation is shown in green (PDB: 1GCE)!). (c¢) Shamatics of acyl-intermediate of
P99 (nonESBL) and GC1 (nonESBL) f-lactamases with oxyimino f-lactam.
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Fig. 9. Electron density map of SHV-1 acyl-interediate with meropenem. (a) Acylated Ser70 with me-
ropenem and oxyanionhole. (b) Environment of the deacylation water molecule in SHV-1 acyl-inter-

mediate with meropenem. Red electron density map (fo-fc, 2.50) is for the hydrogen atom of proton-

ated Glul66. (c) Deduced hydrogen bond network around deacylation water for carbapenem-bound

acyl-enzyme, a good substrate and carbapenem bound SCF-1 carbapenemase.

BHERAEFIhTws LE2x b5 (Fig. 9c4ti). SFC-
1275 AADWNVNREIAR—=ETIEAINVAIRELRED 6
PG OKEEE LT ¥ WMALK & DB OKREREE D%
7Y, BHEREFEEZBT ¥ VLRSS REI 2 -
T2 EVWHINUNAIREIT =58 EZONS,

2. WWNRILFRB-F 2 5 2HE 2T ACE-T 2

y<—

KBWHED AmpC -9 7 ¥ < —€ DA I XA LM
ERD X WS SR 1X 2002 4E 12 Beadle 512 & 9 583
ENTWEY, ZofEdbotrF o724 A= Vi
TEM-1 : £ I XA LMEEROYE LRI ST
BOT, INVKRINVBRIBEBFOFF T v R—V
DOALE D B 1FIT 180 BEMHE L 72 ANCFIEL Tz, F
72, 4 IRA LT VIVHIERIL Arpyrroline TH Y, 7
WK O C3 R FIZFHBE A I 4 & L BRI, sp?
REHLEZ & > TWwizo Beadle 513 2 O 2 ML,
FXRITEF VRNV I NN LD IRLAA
DITACR-T7 53— CLEVEDEERTH B L
MO TW5S,

FEAXAOLDITN—TIEFY XKL, NR=RK L, /27
TR 2 EEBRTH 2554 I XA LD IFEHD H VIR A A
& E.cloacae PO K S A CB-F 7 4 ~<—E L OB
D X MRS R 21T > T 525, BTEDRT, 3D
DHNISRALETRTEF 7 =4 Y F—=VD100% &

WENTWEZEPHEREINTVWEY, DF), FFT7
ZFVER—LAPERENTVEIDIZE b ST, B
INRANEDT VNHEERIE, PREDBEEEDOX
FAE RN BB RIZELZE L TnD, 75 A A L
B, FF0T7=F U R— VS ORHEE 2 BTN
5o
HNVINRALRED Y 5 A CP-5 27 ¥ ~<—BiEhk
DERZ, HILEWR, TAMLTFLELETHUTWV S,
725 ACP-975<—EDORT ¥ MEKIBIZBWTIZ,
FXRITZA VR —NVORIZLY, T 5 ABRBEHW
TCELANKZNVEI T RO RICEEEN, 2070
WARZIVIRFIZ D> TEHP SRS T2 ETL %o
TAMAFLDE) B FFI 43I RETR, KT
BEHLTL BEHEHLOE (45F) o—HzflioTT
Oy 7§52 EDT VR ZEE BT 2 v fbkiz
EBRBBBENRI DI VI L) OERTH - 72, i
RGN, FIRKILARNRZARAALEPIYZ T AC
B-7 7 ¥ =—XT I VHERD X ik a2 S HEW
a7z, Fig 10tk 7ryaF>, 7TAMLAF 4, K
AL, A 3IRRL (AmpC) DENFNHPIY B-F 7
y—ELT7 INHHEREEE L TV AT 2R L7
L7 raF U ERRY, FURKLEREINT VNV
HEATIE, ZO5ERPI VK VRFZEDO L %S
N=LTWAEETIEo &) &bHh 5 (Fig 10a) o T 1L



VOL. 61 NO. 6

B-7 7 ¥ 3 — X OfiED 5 F 2 B MG HERE 489

(@) =

[ Jyriso

Lys67

Lys315]
N

JS/" Ser6
Ser318
Cephalothin vs Doripenem

(c)

(N~ %ersa
Ser318

Imipenem vs Doripenem

(b)

Lys315)]

-~

: ?ﬁ“
Ser318 '

Aztreonam vs Doripenem

erb

o

il
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Bacterial resistance mechanisms to oxyimino -lactams and carbapenems
on the basis of the B-lactamase structure

Michiyoshi Nukaga
Faculty of Pharmaceutical Sciences, Josai International University, 1 Gumyo, Togane, Chiba, Japan

Class A and C B-lactamases are similar in their entire three dimensional and active site structures, how-
ever their deacylation mechanisms are quite different. In the case of class A -lactamases, deacylation water
is positioned at the bottom of the active site pocket and attacks the carbonyl carbon of the substrate in an up-
ward direction. On the other hand, the deacylation water of class C B-lactamases attacks the carbonyl car-
bon in a downward direction from the solvent. The difference is very important to understand the reaction
mechanism of what we call “slow substrate” type f-lactams. Alternatively, the disease-causing bacteria are
in an evolutionary rat-race with the new type of antibiotics. Oxyimino f-lactamases and carbapenems are
widely used B-lactam antibiotics that resist hydrolysis by serine -lactamases. Furthermore, extensive use
of oxyimino f-lactams and carbapenems resulted in the emergence of ESBLs(Extended Spectrum g-
lactamases) and carbapenemases, respectively. In this review, we discuss why oxyimino B-lactams and
carbapenems resist hydrolysis by wild-type class A and C -lactamases and why ESBLs and class A carbap-
enemases can hydrolyze them, respectively, on the basis of the difference in their deacylation mechanisms.



