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Chapter 4

Summary

The serine B-lactamases are one of the main causes of bacterial resistance against the 3-
lactam antibiotics. These resistance mechanisms can be overcome by drug therapies, which
combine the use of P-lactamase inhibitors with f-lactams. On the other hand, the current
clinically approved p-lactamase inhibitors, as well as many of those undergoing clinical trials,
function as mechanism-based suicide substrates, in which the majority contain a -lactam ring,
making them susceptible to hydrolysis by these rapidly evolving -lactamases. As a result, the
need for novel B-lactamase inhibitors is critical to rescue the effectiveness of the historically
successful use of f-lactam antibiotics targeting multi-drug-resistant bacterial strains. The
advantage of using non-covalent inhibitors allows for the sampling of unexplored chemical space
that has been relatively untouched with the use of traditional B-lactam containing compounds.
The fragment-based, structure-guided platform we have used represents one of the best
approaches to develop novel non-covalent compounds, as demonstrated by our lead compound,
the first nM non-covalent inhibitor against any serine P-lactamase. The elaboration of these
novel non-covalent inhibitors allows for the potential to develop more potent compounds that are
effective against a wide range of clinically relevant -lactamases.

The use of ultra high resolution x-ray crystallography has proven to be a valuable tool for
studying the class A B-lactamases in their most intricate atomic detail, from novel drug design to

enzyme catalysis. Our recent studies of the catalytic mechanism for CTX-M p-lactamase have
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answered some important questions with regards to the progression of the initial stages of the
enzyme mechanism, from the apo to the acylation transition state. More importantly, we have
been able to characterize the proton transfer process and hydrogen bonding network during these
intermediate stages. The methods used to capture these stages of the pathway have paved the
way for future studies to determine the detailed proton transfer process that occurs during the
later stages of the reaction, from deacylaction to the enzyme product complex. The results have
been able to reveal that ligand binding can change the pK, of protein residues and influence
enzyme catalysis. Specifically, the three sub-Angstrom resolution structures of CTX-M
represent the first example of any protein whose apo and complex structures have captured
protonation state changes induced by ligand binding. The role of LBHBs in enzyme catalysis
has remained relatively elusive and has been intensely debated since Cleland first proposed it in
1994 (155). Prior to our discovery of this phenomenon in our structures, not a single example of
a LBHB was been unambiguously identified in protein structures, mainly due to the transient
characteristics of LBHBs in enzymatic reactions and the requirement to determine the positions
of hydrogen atoms. The results help provide a better understanding of how LBHBs may
contribute to enzyme stability and catalysis in general, aid in future computational efforts, and
extend our knowledge of and approaches to other similar proteins, particularly of the serine
hydrolase family.

Through the use of ultra high resolution x-ray crystallography, CTX-M p-lactamase
provides the first model system to answer these questions, due to the ability of the protein to
diffract at some of the highest resolutions for any enzyme, along with the successes of using our
novel inhibitor complexes in order to trap the relevant reaction intermediates. With potential

advancements in synchrotron x-ray sources, detector improvements, and optimization of crystal
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quality and lattice packing, future efforts can push the resolution to some of the highest levels
observed for any enzyme with this model system, eventually leading to the possibility of being
able to observe lone electron pairs. Overall, the results obtained from this study have provided
some valuable insights from a drug design perspective in order to combat antibiotic resistant
bacterial strains as well as understanding the complex mechanism by which these rapidly

evolving enzymes function.
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Appendix 5

B-Lactamase Cloning Constructs

Gene Vector Antibiotic Tags
Resistance
CTX_M9 pET9a Kanamycin N/A
CTX-M9 PODC29 Ampicillin N-Terminal 6-
His (TEV)
CTX-M9 Pj401(DNA2.0) | Kanamycin N/A
optimized
CTX-M14 pET9a Kanamycin N/A
CTX-M27 pET9a Kanamycin N/A
TEM-1 pET15-MHL | Ampicillin N/A
TEM-1 palterex?2 Ampicillin N/A
SHV-2 pET15-MHL | Ampicillin N/A
KPC-2 pET15-MHL | Ampicillin N/A
NDM-1 SUMO Ampicillin SUMO, N-
Terminal 6-
His
NDM-1 MBP Ampicillin MBP, N-
Terminal 6-His
CTX-M9 pET9a Kanamycin N/A
A219C Mutant
CTX-M9 pET9a Kanamycin N/A
P99H Mutant
CTX-M14 pET9a Kanamycin N/A
E166Q Mutant
CTX-M14 pET9a Kanamycin N/A
E166A Mutant
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Appendix 6

Compounds Tested Against CTX-M9
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Appendix 6 continued

Name Ki (uM) Structure
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Appendix 6 continued

Name Ki (uM) Structure
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Appendix 6 continued

Name Ki (uM) Structure
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Appendix 6 continued

Name Ki (uM) Structure
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Appendix 6 continued

Name Ki (uM) Structure
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Appendix 6 continued

Name Ki (uM) Structure
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Appendix 6 continued

Name Ki (uM) Structure
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Appendix 6 continued

Name Ki (uM) Structure
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