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Assignment: describe the synthesis of the two named neurotransmitters 
1. Synthesis of Gamma- aminobutyric acid (Inhibitory neurotransmitter)

The GABA shunt is a closed-loop process with the dual purpose of producing and conserving the supply of GABA. GABA is present in high concentrations (millimolar) in many brain regions. These concentrations are about 1,000 times higher than concentrations of the classical monoamine neurotransmitters in the same regions. This is in accord with the powerful and specific actions of GABAergic neurons in these regions. Glucose is the principal precursor for GABA production in vivo, although pyruvate and other amino acids also can act as precursors. The first step in the GABA shunt is the transamination of α-ketoglutarate, formed from glucose metabolism in the Krebs cycle by GABA α-oxoglutarate transaminase (GABA-T) into l-glutamic acid [4] (Fig. 16-1). Glutamic acid decarboxylase (GAD) catalyzes the decarboxylation of glutamic acid to form GABA. GAD appears to be expressed only in cells that use GABA as a neurotransmitter. GAD, localized with antibodies or mRNA hybridization probes, serves as an excellent marker for GABAergic neurons in the CNS. Two related but different genes for GAD have been cloned, suggesting independent regulation and properties for the two forms of GAD: GAD65 and GAD67. Furthermore, expression of GAD and some GABA receptor subunits has been demonstrated in some non-neural tissues, indicating the likely function of GABA outside of the CNS [5]. GABA is metabolized by GABA-T to form succinic semialdehyde. To conserve the available supply of GABA, this transamination generally occurs when the initial parent compound, α-ketoglutarate, is present to accept the amino group removed from GABA, reforming glutamic acid. Therefore, a molecule of GABA can be metabolized only if a molecule of precursor is formed. Succinic semialdehyde can be oxidized by succinic semialdehyde dehydrogenase (SSADH) into succinic acid and can then reenter the Krebs cycle, completing the loop.

GABA release into the synaptic cleft is stimulated by depolarization of presynaptic neurons. GABA diffuses across the cleft to the target receptors on the postsynaptic surface. The action of GABA at the synapse is terminated by reuptake into both presynaptic nerve terminals and surrounding glial cells. The membrane transport systems mediating reuptake of GABA are both temperature- and ion-dependent processes. These transporters are capable of bidirectional neurotransmitter transport. They have an absolute requirement for extracellular Na+ ions with an additional dependence on Cl− ions. The ability of the reuptake system to transport GABA against a concentration gradient has been demonstrated using synaptosomes. Under normal physiological conditions, the ratio of internal to external GABA is about 200. The driving force for this reuptake process is supplied by the movement of Na+ down its concentration gradient [6] (see Chap. 5). GABA taken back up into nerve terminals is available for reutilization, but GABA in glia is metabolized to succinic semialdehyde by GABA-T and cannot be resynthesized in this compartment since glia lack GAD. Ultimately, GABA can be recovered from this source by a circuitous route involving the Krebs cycle [4]; GABA in glia is converted to glutamine, which is transferred back to the neuron, where glutamine is converted by glutaminase to glutamate, which re-enters the GABA shunt (see Chap. 15).

The family of GABA transporters is a set of 80-kDa glycoproteins with multiple transmembrane regions; they have no sequence homology with GABA receptors. Pharmacological and kinetic studies have suggested a variety of subtypes, and at least six separate but related entities have been demonstrated by molecular cloning [6,7]. This has led to rapid developments in understanding the localization, pharmacological specificity, structure—function and mechanism of GABA transport.

2. Synthesis of glutamate (excitatory neurotransmitter)

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.

The inhibitors for the enzymes involved in glutamate biosynthesis are not absolutely specific. This is particularly serious for aminooxyacetic acid, which at high concentrations will inhibit all pyridoxal phosphate-dependent enzymes. Another problem with amino-oxyacetic acid is that it potently inhibits both glutamate decarboxylase and GABA-transaminase. Even methionine sulfoximine, which is proven to be an extremely useful tool to study the functional importance of glutamine synthetase, is not strictly specific for this enzyme, but also inhibits, for example, α glutamylcysteine synthetase, a key enzyme in the biosynthesis of glutathione. Therefore, these inhibitors must be used with caution.

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.

Inhibitors of glutamate decarboxylase generally also inhibit GABA-transaminase due to the fact that both enzymes require pyridoxal phosphate for activity. However, in the case of the carbonyl-trapping agent aminooxyacetic acid its Ki value for inhibition of GABA-transaminase is 10-fold lower than that for glutamate decarboxylase. The two catalytic site directed suicide inhibitors of GABA-transaminase, γ-vinyl GABA and GABAculine, are excellent inhibitors of this enzyme in terms of specificity and potency.

