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Structure-Function Study of Serine Racemase

Abstract: Glutamate is the major excitatory neurotransmitter in the central nervous system, and many of its effects are mediated by N-methyl-D-aspartate (NMDA) receptors.  Microglia and astrocytes can be induced to release several defined agonists of NMDA receptors, such as glutamate and D-serine. Overactivation of NMDA receptors appears to be involved in several neurodegenerative disorders--including Alzheimer’s disease (AD), amyotrophic lateral sclerosis (ALS), multiple sclerosis (MS) and Parkinson’s disease (PD)--while hypofunction of NMDA receptors is implicated in schizophrenia. Accumulating evidence shows that D-serine physiologically regulates the activity of NMDA receptors, and serine racemase (SR) is the main enzyme in mammals responsible for endogenous production of D-serine. To analyze structure-function relationships of this enzyme, we cloned the cDNA of human SR, expressed it in E.coli and purified it with affinity chromatography. Michaelis-Menten kinetics indicated a Km value of 7.8 mM when L-serine was used as a substrate for purified SR.  The Vmax of SR was 1.28 µmol·mg-1·hr-1 at 37 °C. Activity assays showed that divalent cations such as calcium or manganese are necessary for full SR activity. Gel filtration and western blots revealed that noncovalent dimer is the major form of recombinant SR, though there were small amounts of monomer, tetramer and larger aggregates. Addition of dithiothreitol (DTT) in dialysis buffer enhanced the recovery of noncovalent dimer of SR by preventing formation of covalently-bound dimer, tetramer and aggregates during refolding.  Activity assays showed that dimer is the most active form of SR. DTT increased the activity of SR by elevating Vmax; cystamine, a reagent that reacts with sulfhydryl groups, abolished SR activity.  These results suggest that the active form of recombinant human SR is most likely a noncovalent dimer and at least one free sulfhydryl group is conductive to full activity. Protein cross-linking experiments showed that dimeric SR is present in primary astrocyte cultures and most SR is reduced to monomer by β-mercaptoethanol, which may indicate non-covalent dimer is also the major form of SR in astrocytes. Regarding endogenously expressed SR, a DTT-resistant dimer  was found in microglia (HAPI). Also, the appearance of DTT-resistant SR dimer in HAPI cells was dependent upon nitrite oxide (NO). Our future directions will include: 1) testing the effects of NO and peroxynitrite donors, hydroperoxide and a glutathione biosynthesis inhibitor on SR structure and function; 2) determining the nature of the DTT-resistant dimer; 3) examining the role of PKC phosphorylation on SR structure and function. 

