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stitutive expression of class C ␤-lactamases may be induced by exposure to certain ␤-lactams. Chromosomal or plasmidencoded AmpC cephalosporinases (functional group 1) may be hyperproduced through reversible induction or stable derepression and typically confer resistance to most cephalosporins and monobactams. Commercially available inhibitors, such as potassium clavulanate, sulbactam, and tazobactam, have been successfully used against bacteria producing the ubiquitous and prevalent class A and some class D ␤-lactamases, but activity against class C types is poor in general (13). In recent years, several quite potent inhibitors, such as alkylidene penems, 2␤-substituted penam sulfones, oxapenems, cephalosporinderived compounds, and cyclic acyl phosphonates, which exhibit antibacterial synergistic activity against both class A and class C ␤-lactamases, have been developed, but none has been approved by the FDA yet (3, 5, 9, 10, 12, 14, 21). In addition, bacterial susceptibility to such combinations has recently been challenged by the spontaneous appearance of new ␤-lactamases of the TEM family, which are resistant to the mechanism-based inhibitors on the market (inhibitor-resistant TEM ␤-lactamases [www.lahey.org/Studies]). Given the current situation, it is vital to develop new, effective agents and to sustain the clinical utility of these and existing therapies. Recently, following a rational structure-based drug design approach, novel tricyclic carbapenem compounds (trinems) with potent inhibitory activity against serine ␤-lactamases have been synthesized by Lek Pharmaceuticals, d.d. (Fig. 1). Lead LK-157 was identified as a promising ␤-lactamase inhibitor to be coadministered with a selected cephalosporin antibiotic in bacterial infections caused by ␤-lactam-resistant bacteria (7, 8, 11, 15–17, 20). LK-157 is a close structural analogue of a



Antibiotics have drastically reduced illness and death due to infectious diseases. However, bacteria have exhibited a remarkable capacity to quickly become resistant to one or several classes of antibiotics, which is widely considered to be one of the major problems in human medicine today (1, 19). The dramatic increase in antibacterial resistance is now a global threat, both for nosocomial and for community-acquired infections. Although bacteria have developed several strategies for escaping the lethal action of ␤-lactam antibiotics, the most common and clinically important mechanism is the synthesis of ␤-lactamases, leading to hydrolysis of the antibiotic. Currently, the ␤-lactamase superfamily has more than 700 members, many of which differ only by a single amino acid (K. Bush and G. A. Jacoby, personal communication). Class A enzymes TEM-1 and SHV-1 (functional group 2b) are the most widely disseminated. The mutated ␤-lactamases either have broader substrate specificities, including extendedspectrum cephalosporins (extended-spectrum ␤-lactamases [ESBLs]; functional group 2be), or exhibit decreased sensitivities to ␤-lactamase inhibitors (inhibitor-resistant TEMs; functional group 2br) (4). Among the cephalosporin-resistant organisms causing concern were mutants of Enterobacter spp., Citrobacter freundii, Serratia spp., Morganella morganii, Providencia spp., and Pseudomonas aeruginosa, where high- or low-level con* Corresponding author. Mailing address: Lek Pharmaceuticals, d.d., Drug Discovery, Verovskova 57, SI-1526 Ljubljana, Slovenia. Phone: 386 1/580 35 44. Fax: 386 1/568 23 40. E-mail: andrej.prezelj @sandoz.com. 䌤 Published ahead of print on 15 December 2008. 505
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LK-157 is a novel tricyclic carbapenem with potent activity against class A and class C ␤-lactamases. When tested against the purified TEM-1 and SHV-1 enzymes, LK-157 exhibited 50% inhibitory concentrations (IC50s) in the ranges of the clavulanic acid and tazobactam IC50s (55 nM and 151 nM, respectively). Moreover, LK-157 significantly inhibited AmpC ␤-lactamase (IC50, 62 nM), as LK-157 was >2,000-fold more potent than clavulanic acid and approximately 28-fold more active than tazobactam. The in vitro activities of LK-157 in combination with amoxicillin, piperacillin, ceftazidime, cefotaxime, ceftriaxone, cefepime, cefpirome, and aztreonam against an array of Ambler class A (TEM-, SHV-, CTX-M-, KPC-, PER-, BRO-, and PC-type)- and class C-producing bacterial strains derived from clinical settings were evaluated in synergism experiments and compared with those of clavulanic acid, tazobactam, and sulbactam. In vitro MICs against ESBL-producing strains (except CTX-M-containing strains) were reduced 2- to >256-fold, and those against AmpC-producing strains were reduced even up to >32-fold. The lowest MICs ( 
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