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CELLULAR BIOCHEMISTRY

DESCRIBE IN DETAILS SYNTHESIS OF TWO NEUROTRANSMITTERS 

Glutamate and GABA Synthesis 

1. GLUTAMATE 

Glutamine is a common precursor for the biosynthesis of both glutamate and GABA. Glutamine can be transported in and out of neurons and astrocytes utilizing different glutamine carriers. Three such carriers have been cloned and characterized, referred to as ASCT2, GlnT and SN1. They are differentially expressed in brain cells; ASCT2 and SN1 being astrocytic and GlnT being neuronal. They play different roles in glutamine influx and efflux and hence control the availability of glutamine in glutamatergic and GABAergic neurons.
The neurotransmitter glutamate can be synthesized from glutamine by the action of phosphate-activated glutaminase. It appears, however, that glutamate derived from glutamine via this route is produced intramitochondrially and may subsequently undergo a transamination catalyzed by the mitochondrial isoform of aspartate aminotransferase. The α-ketoglutarate thus formed is translocated out of the mitochondria by the dicarboxylate carrier and transaminated in the cytoplasm by the cytoplasmic isoform of aspartate aminotransferase. Alternatively, glutamate may be formed from α-ketoglutarate and alanine catalyzed by alanine aminotransferase. This cytoplasmic glutamate is transported into vesicles by vesicular glutamate transporters. Three vesicular glutamate transporters have been cloned and they exhibit differential expression in glutamatergic neurons in various brain regions. This has important implications with regard to characterization of subpopulations of glutamatergic neurons. Glutamate metabolism, which to a large extent takes place in astroglial cells, is catalyzed either by glutamine synthetase or glutamate dehydrogenase.

2. GABA

The neurotransmitter GABA is formed from glutamate by the action of glutamate decarboxylase. It appears that glutamine serves as the precursor for glutamate, making phosphate-activated glutaminase, an important enzyme for GABA synthesis as well. Recent studies of these processes, using [13C]-labeled substrates and [13C] NMR spectroscopy to follow the metabolic fate of individual C-atoms, have suggested that this biosynthetic route is somewhat more complex than previously thought. It appears that glutamate formed from glutamine may be metabolized in the tricarboxylic acid (TCA) cycle prior to its conversion to GABA, which may allow new alternative regulatory mechanisms. Moreover, it appears that this pathway involving TCA cycle activity is differentially involved in the biosynthesis of GABA destined for the cytoplasmic and vesicular pools, respectively. GABA is metabolized by the action of GABA-transaminase, which is a ubiquitous enzyme being present in GABAergic neurons as well as other types of neurons and astrocytes. Inhibitors of this enzyme generally exhibit anticonvulsant actions.
