
Lec.5                                                             Amino Acid Metabolism 

Methionine metabolism  

 1. Synthesis of SAM(s-adenosylmethionine): 

       Methionine condenses with adenosine tri-phosphate(ATP), forming SAM- a 

high energy compound that is unusual in that it contains no phosphate. The 

formation of SAM is driven, in effect, by hydrolysis of all three phosphate 

bonds in ATP. 

2. Activated methyl group: 

         The methyl group attached to the tertiary sulfur in SAM is 

"activated" and can be transferred to a variety of acceptor 

molecules, such as norepinephrine in the synthesis of epinephrine. 

The reaction product, S-adenosylhomocysteine, is a simple thioether, 

analogous to methionine. 

3. Hydrolysis of SAM: 

           After donation of the methyl group, S-adenosylhomocysteine is 

hydrolyzed to homocysteine and adenosine. Homocysteine have two fates. If 

there is a deficiency of methionine, homocysteine may be remethylated to 

methionine ( homocysteine accepts a methyl group from N5-

methyltetrahydrofolate in reaction requiring methylcobalamin, a coenzyme 

derived from Vit-B12). If methionine store are adequate, homocysteine may 

enter the transsulfuration pathway, where it condenses with serine forming 

cystathionine, which is hydrolyzed to α-ketobutyrate and cysteine. 

4- Relationship of homocysteine to vascular disease: 

            Elevations in plasma homocysteine levels promote oxidative damage, 

inflammation, and endothelial dysfunction, and are an independent risk factor 

for occlusive vascular disease. Elevated homocysteine levels in pregnant 

women are associated with increased incidence of neural tube 

defects(improper closure, as in spina bifida) in the fetus. Periconceptual 

supplementation with folate reduces the risk of such defects. 



Transport of Amino Acids into Cells: 

         The concentration of free A.A in the extracellular fluids is significantly 

lower than that within the cells of the body. This concentration gradient is 

maintained because active transport system, driven by the hydrolysis of ATP, 

are required for movement of amino acids from the extracellular space into 

cells. At least seven different transport systems are known that have 

overlapping specifities for different amino acids. For example, one system is 

responsible for the uptake of cystine and the dibasic amino acids, ornithine, 

arginine, and lysine (represented as COAL) IN renal tubules. In the inherited 

disorder cystinuria, this carrier system is defective, and all four A.A 

appears in urine. Cystinuria occurs at a frequency of 1 in 7000 

individuals, making it one of the most common inherited diseases, 

and the most common genetic error of amino acids transport. 

Removal of Nitrogen From Amino Acids: 

            The presence of the α-amino group keeps amino acids safely  

locked away from oxidative breakdown. Removing the α-amino 

group  is essential for producing energy from any amino acid, and is 

an obligatory step in the catabolism of all amino acids. Once 

removed, this nitrogen can be incorporated into other compounds or 

excreted, with carbon skeleton being  metabolized. 

A- Transamination: the funneling of amino groups to glutamate 

          The first step in the catabolism of most amino acids is the transfer of 

their α-amino group to α-ketoglutarate. The products are an α-keto 

acids(derived from original AA) and glutamate.  α-ketoglutarate plays a 

pivotal role in amino acid metabolism by accepting the amino groups from 

other amino acids, thus becoming glutamate. Glutamate produced by 

transamination can be oxidatively deaminated, or used as an amino group 

donor in the synthesis of nonessential amino acids. This transfer of amino 

groups from one carbon skeleton  to another is catalyzed by a family of 

enzymes called aminotransferases. These enzymes are found in the cytosol and 

mitochondria of the cells throughout the body----especially those of the liver, 



kidney, intestine, and muscle. All amino acids, with exception of lysine and 

threonine, participate in transamination at some point in their catabolism. 

▄ Substrate specificity of aminotransferases: 

      Each aminotransferase is specific for one or few amino group donors. 

Aminotransferases are named after the specific amino group donor, because 

the acceptor of the amino group is almost always α-ketoglutarate. The two 

most important aminotransferases reactions are catalyzed by  alanine 

aminotransferase(ALT) formerly called glutamate pyruvate transaminase(GPT) 

and aspartate aminotransferase(AST) which is formerly called glutamate-

oxaloacetate transaminase(GOT). 

▄ Mechanism of action of aminotransferases: 

         All aminotransferases require the co-enzyme pyridoxal phosphate (a 

derivative of vit.B6), which is covalently linked to the ԑ-amino group of a 

specific lysine residue at the active site of the enzyme. Aminotransferases act 

by transferring the amino group of an amino acid to the pyridoxal part of the 

coenzyme to generate pyridoxamine phosphate. The pyridoxamine form of the 

coenzyme then reacts with an α-keto acid to form an amino acid, at the same 

time regenerating the original aldehyde form of the coenzyme.  

▄ Diagnostic value of plasma aminotransferases: 

         Aminotransferases are normally intracellular enzymes, with low levels 

found in plasma representing the release of cellular contents during normal 

cell turnover. The presence of elevated plasma aminotransferases indicates 

damage to cells rich in these enzymes. For example, physical trauma, or a 

disease process can cause cell lysis, resulting in release of intracellular enzymes 

into blood as in: 

- liver diseases( hepatitis, cirrhosis, ca liver….ect) 

- myocardial infarction 

- muscle disease 

 

 

 

 



B- Glutamate dehydrogenase: the oxidative deamination of amino acids 

       In contrast to transamination reactions that transfer amino groups, 

oxidative deamination by glutamate dehydrogenase results in the liberation of 

the amino group as free ammonia. These reactions occurs primarily in the liver 

and kidney. They provide α-keto acids that can enter the central pathway of 

energy metabolism, and ammonia, which is a source of nitrogen in urea 

synthesis. 

         Glutamate is unique in that it is the only amino acid that undergoes rapid 

oxidative deamination- a reaction catalyzed by glutamate dehydrogenase. 

Therefore, the sequential action of transamination (resulting in the collection 

of amino groups from other amino acids onto α-ketoglutarate to produce 

glutamate) and the oxidative deamination of that glutamate(regenerating α-

ketoglutarate) provide a pathway whereby the amino groups of most amino 

acids can be released as ammonia. 

           Glutamate dehydrogenase is unusual in that it can use either 

NAD(oxidative deamination) or NADP(reductive amination)  as a coenzyme. GD 

enzyme can be allosterically inhibited by GTP and activated by ADP. Another 

enzyme called α-oxidase which is also responsible for oxidative deamination of 

all amino acids. 

 

C- Transamidation reaction: 

           The liver is the principle organ for this reaction, in which 

bibasic amino acid mostly glutamine act as a donor of amino group to α-keto 

acid to form two new α-amino acids. 

 

D- Decarboxylation reaction: 

          Amines are the products of this reaction which is catalyzed by 

carboxylase ( removal of carbon dioxide from an amino acids). Amines are toxic 

substances and may cause hypertension and some of these amine produced in 

the intestine by the action of microorganisms carboxylase. 

Amino Acid→(carboxylase)→ CO2  +  RCH2NH2 (amine) 

           Histidine→  Serotonin 

           Tryptophan→  Tryptamine   

  



 

 

 


