
 

Lec.4                                                                            AA Metabolism 

Glucogenic and Ketogenic Amino Acids   

Amino acids can be classified as glucogenic, ketogenic, or both based on 

which of the seven intermediates are producing during their catabolism.  

A- Glucogenic amino acids: 

Non-essential  glucogenic a.a include → alanine, arginine, asparagin, 

aspartate, cysteine, glutamine, glutamate, glycine, proline, serine. 

Essential glucogenic a.a include → histidine, methionine, threonine, and 

valine. 

B- Glucogenic and Ketogenic amino Acids: 

Non-essential a.a includes → tyrosine 

Essential a.a includes→ isoleucine, phenylalanine and tryptophan 

C- Ketogenic Amino Acids: 

Only essential a.a is present Leucine and lysine 

Catabolism of the carbon skeletons of amino acids: 

A- Amino acids that form oxaloacetate: 

Asparagine is hydrolyzed by asparaginase, liberating ammonia and 

aspartate. Aspartate loses its amino group by transamination to form 

oxaloacetate. 

 

  

B- Amino acids that form α-ketoglutarate: 

1. Glutamine  is converted to glutamate and ammonia by the enzyme 

glutaminase. Glutamate is converted into α-ketoglutarate by 

transamination, or through oxidative deamination by glutamate 

dehydrogenase. 



2. Proline can be oxidized to glutamate. Glutamate is transaminated or 

oxidatively deaminated to form α-ketoglutarate. 

3. Ariginine is cleaved by ariginase to produce ornithine. Ornithine is 

subsequently converted to α-ketoglutarate. 

4. Histidine is oxidatively deaminated by histidase to urocanic acid, 

which subsequently forms N-formiminoglutamate. Formimino glutamate 

donates its formimino group to tetrahydrofolate, leaving glutamate , 

which is degraded as described above. 

C- Amino acids that form pyruvate: 

1. Alanine can loss its  amino group by transamination to form 

pyruvate. 

2. Serine can be converted to glycine and N5, N10- 

methylenetetrahydrofolate. Serine can also be converted to pyruvate by 

serine dehydratase. 

3. Glycine: this amino acid can either be converted to serine by 

addition of a methylene group from N5, N10- methylenetetrahydrofolate, 

or oxidized to CO2 and NH3. 

4. Cystine: this a.a is reduced to cysteine, using NADH and H+  as a 

reductant. Cysteine undergoes desulfuration to yield pyruvate. 

5. Threonine: this amino acid is converted topyruvate or to α-

ketobutyrate, which forms succinyl-CoA. 

D- Amino acids that form fumarate: 

1. Phenylalanine and Tyrosine: Hydroxylation of phenylalanine leads 

to the formation of tyrosine. This reaction catalyzed by phenylalanine 

hydroxylase, is the first in the catabolism of phenylalanine. Thus, the 

metabolism of phenylalanine and tyrosine merge, leading ultimately to 

the formation of fumarate and acetoacetate. Both of phenylalanine and 

tyrosine are glucogenic and ketogenic. Inherited deficiencies in the 

enzymes of these amino acids  lead to the diseases named 

phenylketonuria, alkaptonuria, and albinism. 

E- Amino acids that form succinyl-CoA:  



1. Methionine is one of 4 A.A that form succinyl-CoA. This sulfur-

containing amino acid deserves special attention because  it is 

converted to S-adenosylmethionine(SAM), the major methyl-group 

donor in one-carbon metabolism.Methionine is also the source of 

homocysteine a metabolite associated with atherosclerotic vascular 

disease. 

2. Valine and Isoleucine : 

These amino acids are branched-chain a.a that generate propionyl-

CoA, which is converted to succinylCoA by biotin and vitamin B12 

requiring reactions. 

3. Threonine can be dehydrated to α-ketobutyrate, which is converted 

to propionylCoA and the to succinylCoA.(threonine can be converted to 

pyruvate). 

G- Amino acids that form acetyl-CoA or acetoacetyl-CoA: 

1. Leucine : This amino acid is exclusively ketogenic in its catabolism, 

forming acetyl-CoA and acetoacetate . The initial steps in the 

catabolism of leucine are similar to those of the other branched-chain 

a.a, isoleucine and valine. 

2. Isoleucine: this a.a is both ketogenic and glucogenic, because its 

metabolism yields acetyl-CoA and propionyl-CoA. 

3. Lysine: An exclusively ketogenic a.a, this amino acid is unusual in 

that neither of its amino groups undergoes transamination as the first 

step in catabolism. Lysine is ultimately converted to acetoacetyl-CoA. 

4. Tryptophan: This amino acid is both glucogenic and ketogenic 

because its metabolism yields alanine and acetoacetyl-CoA. 

H- Catabolism of the branched-chain amino acids: 

          The branched-chain amino acids, isoleucine, leucine, and 

valine are essential A.A. In contrast to other a.a, they are metabolized 

primarily by the peripheral tissues(particularly muscle), rather than by 

the liver. All of them has similar route of catabolism. 



1. Transamination: Removal of the amino groups of all three A.A is 

catalyzed  by a single, vit.B6-requiring enzyme, branched-chain α-

amino acid aminotransferase. 

2. Oxidative decarboxylation: Removal of the carboxyl group of the α-

keto acids derived from leucine, valine, and isoleucine is catabolized by 

a single multienzyme complex, branched-chain α-keto acid 

dehydrogenase complex. This complex uses thiamine pyrophosphate, 

lipoic acid, FAD, NAD, and CoA as its coenzymes. An inherited 

deficiency of this enzyme result in accumulation of the branched-chain 

α-keto acid substrate in urine, and their sweet odor prompted the name 

maple syrup urine disease. 

3. Dehydrogenation: Oxidation of the products formed in the above 

reaction yield α-β-unsaturated acyL-CoA derivatives. This reaction is 

analogous to the FAD-linked dehydrogenation described in β-oxidation 

scheme of fatty acid degradation. 

4. Endproducts: The catabolism of isoleucine ultimately yield acetyl-

C0A and succinyl-CoA, rendering it both ketogenic and glucogenic. 

Valine yield succinyl-CoA and is glucogenic. Leucine is ketogenic, being 

metabolized to acetoacetate and acetyl-CoA.    

   

   

  

 

 

 

 

 

   


