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Fig. 1. B-lactam design based on structural proteomics.
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Fig. 2. Superimposed structures of PBP2a and PBP2x
substrate-binding sites. Main skeletons of enzymes are
shown by ribbon models and selected residues at the
binding site by the ball-and-stick model. Arrows indicate
differences in enzyme loops.
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Fig. 3. Penem f-lactam derivatives.
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Fig. 4. Superimposition of faropenem and peptide moiety
0 AcLys-D-Ala-D-Ala-OHO Hydroxyethyl and tetrahydrofu-

Fig. 5. Superimposition of 5,6-cis-penem( dark(] and
peptide moietyd AcLys-D-Ala-D-Ala-OHC]

ryl groups of faropenem are circled.

Table 1. In vitro antibacterial activityd MIC, py g/mL0O of penem derivatives

Bacteria 1 2 3 8
S. aureus 209P JC-1 0.10 0.39 0.78 0.10
S. aureusd MRSAQ 0 100 6.25 100 3.13
S. epidermidis ATCC 14990 0.05 0.10 0.39 0.025
E. faecalis ATCC 29212 0.78 0.39 25 1.56
E. faecium ATCC 8043 6.25 3.13 100 3.13
E. avium 14 50 125 100 0.39
B. subtilis ATCC 6633 0 0.025 0.05 0.78 0.05
M. luteus ATCC 9341 0.10 0.10 1.56 0.10
E. coli NIHJ JC-2 0.39 3.13 100 0.20
E. coli KC-14 0.10 0.78 6.25 0.20
E. coli KC-14/RGN 823°“ 0.10 100 125 0.78
C. freundil GN 73917 25 0 100 100 6.25
E. cloacae NCTC 9394 Y 1.56 0 100 100 0.78
K. pneurnoniae ATCC 15380 0.20 1.56 12.5 0.39
S. maroesoens IFO 3736 6.25 25 100 3.13
P. vulgaris IFO 3851 3.13 1.56 100 0.78
M. morganil IFO 3848 0.78 3.13 25 3.13
P. rettgerl IFO 3850 0.78 3.13 25 6.25
P. aeruginosa PAO-1 0 100 0 100 100 12.5
P. aeruginosa IFO 3445 0 100 0 100 100 125
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Fig. 6. Hydrolysis of penicillin by 3-lactamase.
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Fig. 7.
Hydrogen bonds are indicated by dotted lines.
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Fig. 8. Conformation of acyl-moiety[] large circleO of acyl-
enzyme and hydrolytic water moleculél small circlell The
arrow indicates the direction of hydrolytic water mole-
cule attack.
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B-lactamases acquire substrate spectrum extension by mutating residues at the substrate-binding site,
whereas penicillin-binding proteins reduce the affinity with S-lactams by mutating residues at this site. Altera-
tion in the recognition of B-lactams by these penicillin-interacting enzymes must be clarified and new f-
lactams designed that have high affinity with penicillin-binding proteins and are stable against extended spec-
trum B-lactamases. Based on crystal structures of penicillin-binding proteins and -lactamases, we can deduce
the roles of residues at the substrate-binding site and design new fB-lactams. With the aid of computational
methods, faropenem, a 5,6-trans-penem, was converted to 5,6-cis-penems that show anti-MRSA activity and sta-
bility against 3-lactamases.



