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Abstract

The haloacid dehalogenase superfamily (HADSF) is one of the largest known enzyme superfamilies, having more than 32,000 nonredundant members. Enzymes in this superfamily catalyze a number of different chemical reactions including dehalogenation, phosphoryl transfer, and hydrolysis of phosphate esters and phosphates. The vast majority of HADSF members are phosphatases, which contain a highly conserved core domain that is constructed to catalyze hydrolysis reactions of phosphorylated sugars or nucleotides by using an active site Asp nucleophile and a Mg2+ cofactor. Most phosphatases possess a cap domain, which in association with the core domain assists active site desolvation and binds the region of the substrate that is displaced by water upon Asp nucleophilic attack at the phosphoryl group. In the studies described in this Dissertation, two nucleotidases (AphA and mdN) were chosen to examine how the core Rossmann fold of HADSF members stabilizes the transition state of phosphoryl transfer IV reactions and conserves the stable catalytic scaffold under the pressure of evolutionary changes that expand substrate range. Another phosphatase, YidA, was subjected to studies in order to gain information about how accessory cap domains serve as sophisticated substrate recognition sites. AphA is a nonspecific acid phosphohydrolase (NSAP) from Escherichia coli., which is secreted in the periplasmic space. Although AphA has the highest activity towards hydrolysis of nucleotide phosphates (kcat/Km ~ 105 M-1s-1), it does not yet have an identified biological function. The crystal structures of the apo enzyme as well as complexes of AphA with products of nucleotide monophosphate hydrolysis and with substrate/intermediate analogs have been elucidated. Earlier analysis of these crystal structures shows that a specific hydrophobic substrate binding pocket, formed by Phe56 and Tyr193, exists in AphA. The results of solvent isotope studies carried out in the research effort described in this Dissertation, as well as investigations probing the effect on rates of alcohol additives suggest that the rate-limiting step of the AphA catalyzed hydrolysis reaction of ATP is the second partial reaction in which dephosphorylation of the phosphoenzyme (E-P) intermediate takes place. Observations made in an investigation of the linear free energy relationship between pKa of the alcohol that serves as the nucleophilic phosphoryl acceptor and the second order rate constant for hydrolysis of the E-P intermediate indicate that the mechanism for the rate limiting step of the reaction involving water (or added alcohol) as the nucleophile is highly dissociative. In addition, release of products in this process involves release of inorganic phosphate first followed by release of adenosine. V mdN is a mitochondrial deoxyribonucleotidase that is believed to function in a salvage pathways to regulate the sizes of deoxyribonucleotide pools. In Chapter 3 of the Dissertation, preliminary results of studies aimed at elucidating the detailed mechanism of mdN catalyzed hydrolysis reactions are presented. The findings show that mdN has activity towards substrates containing aromatic rings like those present in para-nitrophenyl phosphate, nucleotides and deoxynucleotides and that it is not active toward sugar phosphates. Like AphA, mdN contains a hydrophobic substrate-binding pocket formed by residues Phe75, Phe49, Trp76 and Trp96. The results of an investigation of mutli-turnover reactions of 14C dUMP catalyzed by mdN revealed that a pre-steady state burst phase takes place followed by a slow steady-state phase. This observation leads to the conclusion that the substrate-binding step is not the rate-limiting step. YidA is a HADSF phosphatase, isolated from E.coli., that has a C2 cap. This enzyme is an effective catalyst for hydrolysis of several known phosphate metabolites, such as arabinose-5-phosphate, erythrose-4-phosphate, α-mannnose-1-phosphate and α-glucose 1-phosphate as well as two related carboxylic acid derivatives. The YidA gene is located in the same neighborhood' as the dgo operon, whose genes encode enzymes involved in the galactonate to pyruvate and glyceraldehyde 3-phosphate degradation pathway. Studies described in Chapter 4 show that YidA has a moderate activity toward hydrolysis of the intermediate in this pathway, D-2-dehydro-3-deoxy-D-galactonate-6-phosphate (kcat/Km = 6.4 x 103 M-1s-1). Therefore, YidA is believed to play the role of a housekeeper whose purpose is to remove accumulated phosphorylated metabolites. Studies with a series of site-directed mutants, in which the 10 highly conserved cap residues Arg46, Leu111, His129, Glu130, Lys154, Met156, Ser184, Tyr187, Phe188 and Glu190 are VI replaced by Ala, revealed that Glu130, Glu190 and Lys154 play important roles in substrate recognition and binding, while His129 and F188 are critical for binding C6 aldose/carboxylate phosphates. Finally, a program targeted at protein function assignment is described in Chapter 5 of this Dissertation. Protein function assignment has always been a major goal in biology and, as the genome sequence database has rapidly expanded, this task has been significantly magnified. Unfortunately, using of bioinformatics techniques is unsuccessful in assigning the function of between 40-60% of the new enzyme sequences, and the much more demanding experimental methods have been applied to only a tiny fraction of the sequences. Therefore, a more reliable and efficient method for protein function assignment needs to be developed. The Enzyme Function Initiative (EFI), which is a large scale collaborative project that utilizes a multidisciplinary strategy to determine the functions of unknown proteins, was formed based on this consideration. In Chapter 5, the general strategy employed for enzyme functional assignment in this initiative is described along with preliminary experimental results. From the results of high throughput screening, four HADSF phosphatases from different organisms, YigB (EFI-501262) and YbjI(501335) from Escherichia coli, BT2542 (501088) from Bacteroides thetaiotaomicron and Q9RUP0 (501193) from Deinococcus radiodurans, were identified to have high activities towards riboflavin 5'-monophoaphate (FMN). Further analysis of the kinetic parameters (kcat/Km ~ 102-104 M-1s-1) of these four proteins suggested the possibility that FMN may be their physiological substrate. A detailed study was performed with BT2542, which has a (Asp+2) - Gly instead of an (Asp+2) - Asp sequence motif. Observations made in this effort show that replacement of Gly with Ala VII and Val does not significantly affect catalytic efficiency, while substitution with Asp causes a 20-fold decrease in activity.
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