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CARBAPENEM-HYDROLYZING CLASS D b–LACTAMASES (CHDLs). A major 

impediment in antimicrobial chemotherapy involving b-lactam antibiotics is the presence of 

bacterial enzymes (b-lactamases) that can hydrolyze the b-lactam bond and inactivate the 

antibiotic. These enzymes can be grouped into four classes (A-D). Among the most 

genetically diverse are the class D b-lactamases, which are mostly found in Gram-negative 

bacteria such as Pseudomonas aeruginosa, Escherichia coli, Proteus mirabilis, and 

Acinetobacter baumannii. In this class are b-lactamases that exhibit clinical levels of 

resistance to carbapenem antibiotics, known as carbapenem-hydrolyzing class D b-

lactamases (CHDLs).1   

The active site of class D b–lactamases contains an unusual N-carboxylysine modification. A 

strongly hydrophobic active-site allows the lysine to combine with CO2, and the resulting 

carbamate is stabilized by a number of hydrogen bonds (Fig. 1).1 The carboxylysine is 

crucial for the catalytic activity of class D b-lactamases (Scheme 1). 
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b-LACTAM DERIVATIVES AS CHDL INHIBITORS. A small molecule that binds strongly to 

the carboxylate or that promotes its decarboxylation may function as an enzyme inhibitor. 

Our design principle for our target compounds draws from crystal structures of several class 

D b-lactamases complexed with b-lactams, including OXA-13 with meropenem,2 OXA-24 

with doripenem,3 and OXA-10 with 6-hydroxyalkylpenicillanates (Fig. 2).4,5 Thus, the C6 

position is ideal for modification to introduce functional groups that may disrupt lysine 

carboxylation, by virtue of its proximity to the carboxylate. In this regard, this poster 

summarizes our efforts on the synthesis of C6-modified penicillanic acid derivatives. 

- We have designed and synthesized several new penicillanic acid derivatives with the aim to either 

coordinate to the carboxylysine or prevent lysine carboxylation in CHDLs. 

- Our next step will be to 1) evaluate the activity of the new penicillanic acid derivatives by enzymatic 

assays, 2) establish a structure-activity relationship (SAR), and 3) determine the mechanism of inhibition 

of active compounds. 

- Additionally, we will assess to what extent inhibitors potentiate b-lactam antibiotic activity against CHDL-

producing Gram-negative bacteria.  

Penicillanic acid derivatives 

Fig. 1. Stereoview of the active site of the class D b–lactamase OXA-10.1 

Scheme 1. Proposed b-lactam hydrolysis mechanism of class D b–lactamases. The initial acylation step is aided by carboxy-

lysine-mediated deprotonation of S67. The carbamate also activates the deacylating water in the second step.1 

Fig. 2. X-ray structure of the 

acyl-enzyme species of OXA-

10 and 6-b-(hydroxyoctyl)-

penicillanate. The hydroxyl 

group of the C6-functionality 

is hydrogen-bonded to the N-

carboxylated lysine.4 
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