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Potentiating TB drug action through

metabolic meddling

Anthony D. Baughn
Department of Microbiology and Immunology

University of Minnesota

The long-term goal of my research program is to develop

innovative strategies to circumvent shortcomings in tuberculosis (TB) therapy. Currently, my lab
is focused on understanding the metabolic basis for susceptibility, resistance and tolerance of
Mycobacterium tuberculosis to various antimicrobial agents. As part of these studies, we have
been using a combination of genetic and biochemical approaches to characterize the metabolic
impact of the first-line drug pyrazinamide (PZA) and the second-line drug para-aminosalicylic
acid (PAS) on M. tuberculosis. While both of these drugs have been in clinical use for TB
therapy for over 60 years, we are just now beginning to unravel the mechanisms governing their
anti-mycobacterial action. With these findings, we are exploring ways of potentiating the action
of these drugs and re-sensitizing resistant isolates.
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Structure of bacterial metabolic pathway and anti-

tubercular drug synergism
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Mycobacterium tuberculosis (Mtb) is the causative agent for tuberculosis (TB). Although
effective TB drugs are available, 1.5 million TB related deaths still occur annually. TB treatment
remains challenging because it requires a minimum of six months of chemotherapy and the
treatment is not fully effective in preventing subsequent relapse of disease. As such, treatment
failure is common and has fueled the emergent spread of drug resistant strains of Mtb that
threaten the efficacy of the existing treatment. Some antimicrobial drug combinations show
strongly synergistic effects where the combined inhibitory activity is far greater than the sum
of individual activities. However, in most cases, the mechanistic basis for synergism is not
apparent. The goal of our study is to understanding the fundamental mechanisms that govern
antimicrobial synergy to facilitate the rational design of novel synergistic anti-tubercular drug
combinations.

We revisited the widely assumed mechanism of synergy between trimethoprim (TMP)
and sulfamethoxazole (SMX). These drugs are known to act by targeting sequential steps in
the biosynthetic pathway for the essential cellular cofactor, tetrahydrofolate (THF), where SMX
inhibits the production of the THF precursor dihydropteroate (DHPte) and TMP competitively
inhibits the conversion of dihydrofolate (DHF) to THF. Consequently, SMX potentiates TMP
activity by limiting de novo production of DHF and this mono-potentiation mechanism is widely
accepted as the basis for synergy between these drugs. We demonstrated that this model
is not sufficient to explain the strong degree of synergism between TMP and SMX. Using a
multidisciplinary approach, we characterized a functional metabolic feedback loop in which
THF is critical for production of the DHPte precursor dihydropterin pyrophosphate (DHPPP).
Importantly, we revealed that TMP potentiates SMX activity ultimately through the inhibition of
DHPPP synthesis. Collectively, the study indicates that the potent synergy between TMP and
SMX is driven by mutual potentiation of the action of each drug on the other. These findings
highlight the importance of metabolic pathway structure in understanding antimicrobial drug
interactions and will enable the identification of additional pathways that can be explored for
potently synergistic anti-tubercular drug targets.
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