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Resistance to beta-lactam antibiotics can be attributed to several contributing factors. In gram-negative

bacteria, production of beta-lactamases is considered to be the major determinant. Production of these

beta-lactam-hydrolyzing enzymes are also important in beta-lactam-resistant Staphylococci, where they

are frequently found together with the acquired, low-affinity, penicillin-binding protein PBP2a.

Beta-lactamase-related resistance can be approached using multiple therapeutic interventions. Non-beta-lactams,

or beta-lactamase-stable beta-lactams, can be used for treatment. However, a frequent approach is to combine a

beta-lactamase labile penicillin with a specific beta-lactamase inhibitor for combination therapy. This is particu-

larly effective when the covalent binding of a suicide inhibitor inactivates a beta-lactamase. Beta-lactamase

inhibitor combinations were first used in the early 1980s and have proven to be one of the most successful antibi-

otic regimens for treatment of common infections caused by beta-lactamase-producing gram-negative bacteria.

Clavulanic acid and other natural product suicide inactivators were identified in the mid 1970s as potent

inhibitors of Class A serine beta-lactamases. Clavulanate and the semi-synthetic inhibitors, sulbactam and

tazobactam, all have similar mechanisms of inhibition and have been used successfully in combination with peni-

cillins, e.g. clavulanic acid/amoxicillin, sulbactam/ampicillin, and tazobactam/piperacillin. These combinations

inhibit the growth of bacteria producing molecular class A, functional group 2, beta-lactamases, such as the com-

mon TEM, SHV and OXA enzymes, beta-lactamases often encoded by plasmids in gram-negative bacteria.

When the inhibitor combinations were first introduced, multiple beta-lactamase production was rare, even in

organisms with a plasmid-encoded beta-lactamase. Today, these plasmids have become much larger with the

acquisition of multiple drug determinants, resulting in multidrug resistant gram-negative rods with as many as

five different beta-lactamases, including both serine and metallo-beta-lactamases from multiple functional groups.

Because the approved inhibitors do not have useful activity against the Class C chromosomal serine cephalospori-

nases or the metallo-beta-lactamases that are now appearing more frequently on multidrug resistant plasmids,

their utility is becoming more limited.

For the past 25 years, many have tried to identify agents that will inhibit non-class A beta-lactamases. A good

example of this is the penem, BRL-42715, that inactivated beta-lactamases from all functional classes.

Monobactams, such as aztreonam or Syn 2190, as well as cephem sulfones and other penems, have strong

inhibitory activity against class C cephalosporinases with some compounds exhibiting stoichiometric binding in a

1:1 ratio of inhibitor to enzyme. Non-beta-lactam inhibitors for the serine beta-lactamases include boronic acid

derivatives, rhodanines, acyl phosphonates, and alpha-keto-heterocycles. Although many of these can inhibit both

Class A and Class C beta-lactamase, a number of these are capable of inhibiting essential mammalian serine pro-
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