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Abstract 

Pseudomonas aeruginosa is a widely studied, gram-negative bacterium that can resist multiple antibiotics 
and form robust biofilms, leading to persistent infections in the healthcare system.1-2 Essential for the 
survival of P. aeruginosa, D-2-hydroxyglutarate dehydrogenase is a metallo-flavoenzyme that requires a 
Zn2+ cofactor for the oxidation of D-2-hydroxyglutarate D2HG to 2-ketoglutarate during L-serine 
biosynthesis.3-5 Knockout of the gene encoding the enzyme substantially impairs bacterial growth, making 
the enzyme a promising candidate for therapeutic applications.3  Structural predictions of the P. aeruginosa 
enzyme active site reveal R325 coordinates with the C1 carboxylate of the hydroxy acid substrate, 
highlighting its potential role in substrate binding and hydride transfer to the flavin. To investigate the 
functional importance of R325, site-directed mutagenesis was performed to generate R325M, R325A, 
R325K, R325H, and R325E variants. These substitutions were selected to assess the effects of charge, 
size, and coordination potential on the enzyme activity. The R325M and R325A variants were chosen to 
remove the charge at this position, with alanine also reducing the bulkier side chain. In contrast, the R325K 
variant is charge-conserved, allowing the comparison of the impact of a localized lysine charge versus the 
more delocalized charge of arginine. R325H introduces a pH-dependent charge with possible Zn2+ 
coordination. In parallel, the R325E substitution tests whether a negative charge at this site will support 
interactions with Zn2+. Mutagenic primers of R325 variants were designed and used in PCR amplification. 
The PCR products of R325 variants were purified, digested with DpnI to eliminate template DNA, and 
transformed into E. coli DH5α competent cells. Colonies were obtained for all R325 variants, confirming 
successful mutagenesis. These constructs establish a foundation for biochemical and kinetic studies to 
determine how R325 contributes to substrate binding, orientation, and catalysis in D-2-hydroxyglutarate 
dehydrogenase, providing insight into mechanisms of enzyme function and a potential therapeutic target 
against P. aeruginosa. 
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