
TITLE: Essential and non essential synthesis amino acid
Learning Objectives: 
Explain how energy can be derived from essential and non essential synthesis of amino acid .
Explain the purpose of studying essential and non essential synthesis amino acid.
Learning Outcome: 

Describe the essential and non essential synthesis of amino acid.
To understand and learn how essential and non essential synthesis of amino acid.
Introduction to essential and non essential synthesis of amino acid
The liver is the only tissue that has all the pathways of amino acid synthesis and degradation. During fasting, the carbon skeletons of amino acids produce glucose, ketone bodies, and CO2; in the fed state the liver can convert intermediates of amino acid metabolism to triacylglycerols; the fate of amino acid carbon skeletons, thus, parallels that of glucose and fatty acids
Essential and Nonessential Amino Acids
Nonessential amino acids are those that are synthesized by mammals, while the essential amino acids must be obtained from dietary sources. Why would an organism evolve in such a way that it could not exist in the absence of certain amino acids?  Most likely, the ready availability of these amino acids in lower organisms (plants and microorganisms) obviated the need for the higher organism to continue to produce them. The pathways for their synthesis were selected out. Not having to synthesize an additional ten amino acids (and regulate their synthesis) represents a major economy, then. Nevertheless, it remains for us to become familiar with the synthetic pathways for these essential amino acids in plants and microorganisms, and it turns out that they are generally more complicated that the pathways for nonessential amino acid synthesis and they are also species-specific. The twenty amino acids can be divided into two groups of 10 amino acids. Ten are essential and 10 are nonessential. 
Synthesis of Nonessential Amino Acids
Ignoring tyrosine as its immediate precursor is phenylalanine, an essential amino acid, all of the nonessential amino acids and we will include arginine here are synthesized from intermediates of major metabolic pathways. Furthermore, the carbon skeletons of these amino acids are traceable to their corresponding a-ketoacids. Therefore, it could be possible to synthesize any one of the nonessential amino acids directly by transaminating its corresponding α-ketoacids, if that ketoacids exists as a common intermediate. A "transamination reaction", in which an amino group is transferred from an amino acid to the a-carbon of a ketoacids, is catalyzed by an aminotransferase.

Three very common a-ketoacids can be transaminated in one step to their corresponding amino acid:

    Pyruvate (glycolytic end product)               Alanine

    Oxaloacetate (citric acid cycle intermediate)                Aspartate

    α-ketoglutarate (citric acid cycle intermediate)            Glutamate
Asparagine and glutamine are the products of amidations of aspartate and glutamate, respectively. Thus, asparagine and glutamine, and the remaining nonessential amino acids are not directly the result of transamination of a-ketoacids because these are not common intermediates of the other pathways. Still, we will be able to trace the carbon skeletons of all of these back to an a-ketoacid. I make this point not because of any profound implications inherent in it, but rather as a way to simplify the learning of synthetic pathways of the nonessential amino acids. Aspartate is transaminated to asparagine in an ATP-dependent reaction catalyzed by asparagine synthetase, and glutamine is the amino group donor.
The synthesis of glutamine is a two-step one in which glutamate is first "activated" to a g-glutamylphosphate intermediate, followed by a reaction in which NH3 displaces the phosphate group: So, the synthesis of asparagine is intrinsically tied to that of glutamine, and it turns out that glutamine is the amino group donor in the formation of numerous biosynthetic products, as well as being a storage form of NH3 . Therefore, one would expect that glutamine synthetase, the enzyme responsible for the amidation of glutamate, plays a central role in the regulation of nitrogen metabolism. We will now look into this control in more detail, before proceeding to the biosynthesis of the remaining nonessential amino acids.

You have previously studied the oxidative deamination of glutamate by glutamate dehydrogenase, in which NH3 and a-ketoglutarate are produced. The a-ketoglutarate produced is then available for accepting amino groups in other transamination reactions, but the accumulation of ammonia as the other product of this reaction is a problem because, in high concentrations, it is toxic. To keep the level of NH3 in a controlled range, a rising level of a-ketoglutarate activates glutamine synthetase, increasing the production of glutamine, which donates its amino group in various other reactions.

The regulation of glutamine synthetase has been studied in E.Coli and, although complicated, it is worthwhile to look at some of its features because this will give us more insight into regulation of intersecting metabolic pathways. X ray diffraction of crystals of the enzyme reveals a hexagonal prism structure  (D6 symmetry) composed of 12 identical subunits. The activity of the enzyme is controlled by 9 allosteric feedback inhibitors, 6 of which are end products of pathways involving glutamine:
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