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Fig. 1.
the parentheses. A: class A f-lactamase Toho-1 (11YS)2), B: class B [-lactamase
VIM-4 (2WHG)?, C: class C f-lactamase AmpC (1KE4)%), D: class D f-lactamase
OXA-10 (1K4F), E: PBP2 from Neisseria gonorrhoeae (3EQU)2). In A, C to E, active-
site Ser residue is indicated as stick model with black arrow. In B, Zn atoms are in-
dicated as grey spheres.
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Fig. 2. Substrate-binding site of Toho-1 mutant G238C
(PDB accession number: 1WE4). It is superimposed

on the structure of Toho-1 acyl-intermediate with
cefotaxime (PDB accession number: 1IYO), shown
in dark grey.
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Fig. 3. Substrate-binding cleft of carbapenemase KPC-
2 compared with that of TEM-1 (grey). In KPC-2,
several amino acid residues shift to the direction in-
dicated with arrows23).
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from the viewpoint of structural biology
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B-Lactamases are bacterial hydrolytic enzymes that inactivate B-lactams. They are classified into four

classes from A to D, based on the amino acid sequence. With the clinical use of many different 3-lactams, -
lactamases that can hydrolyze a broad range of S-lactams have emerged. These enzymes with broad sub-
strate specificity are called “Extended-spectrum B-lactamases (ESBL)”. In class A, many ESBLs that can hy-
drolyze third-generation cephalosporins have been reported. Moreover, several enzymes with hydrolyzing
activity toward carbapenems, the f-lactam antibiotics that are stable to most of the S-lactamases and are
therefore known as the “last resort”, have also emerged. Thus, the molecular evolution against new antibiot-
ics seems to be ongoing. In this review, I focus on the structural features of class A enzymes, and introduce
how these protein molecules acquire hydrolytic activity toward a broader range of B-lactams.



