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OVERVIEW
¢ Catabolism of amino acids involves the removal of α-amino 

groups, followed by degradation of the resulting carbon 
skeletons.

¢ These pathways converge to form seven intermediate 
products: oxaloacetate, pyruvate, α-ketoglutarate, fumarate, 
succinyl coenzyme A, acetyl CoA and acetoacetate.

¢ These products directly enter in the synthesis of glucose or 
lipid or in the production of energy through their oxidation to 
carbon dioxide by TCA cycle.



AMINO ACIDS THAT FORM OXALOACETATE
o Asparagine is hydrolyzed by 

asparaginase, liberating ammonium 
and aspartate. 

o Aspartate loses its amino group by 
transamination to form oxaloacetate. 

o Asparaginase is administered to treat 
leukemic patients as it lowers the 
asparagine levels in the plasma
depriving cancer cells of a required 
nutrient. 



AMINO ACIDS THAT FORM ΑLPHA-
KETOGLUTARATE

oGlutamine: is hydrolyzed to glutamate and ammonia by glutaminase.
oGlutamate is then converted to α-keto glutarate by oxidative deamination by glutamate 
dehydrogenase.

oProline: It is oxidized to glutamate which is then converted to α-ketoglutarate.

o Arginine: It is hydrolyzed by arginase to produce ornithine in the liver as part of the 
urea cycle.
o Ornithine is subsequently converted to α-keto glutarate.

o Histidine: It is oxidatively deaminated by histidase to urocanic acid, which 
subsequently forms N-formiminoglutamate(FIGlu).  With removal of formimino group, 
glutamate is left which is then converted to α-ketoglutarate 



AMINO ACIDS THAT FORM PYRUVATE
o Alanine: It loses its amino group by transamination to 
form pyruvate.

oGlycine: It can be converted to serine by addition of a 
methylene group.  

oSerine: It is converted to glycine and N5,N10-methylene 
tetrahydrofolate or can also be converted to pyruvate by 
serine dehydratase.

oCysteine: It undergoes desulfuration to yield pyruvate. 
oOr converted to its disulfide derivative, cystine.

oThreonine: It is converted to pyruvate.



AMINO ACIDS THAT FORM FUMARATE
¢Phenylalanine and tyrosine:
¢Hydroxylation of phenylalanine produces tyrosine catalyzed by phenylalanine 
hydroxylase. 
¢ The metabolism of phenylalanine and tyrosine leads ultimately to the 
formation of fumarate and acetoacetate.
¢Phenylalanine and tyrosine are, therefore, both glucogenic and ketogenic.



Amino acids that form succinyl CoA 
o Methionine is one of the four amino acids that form succinyl CoA.

o It is converted to S-adenosyl methionine (SAM), the major methyl donor in one-carbon 
metabolism.

o Synthesis of S-adenosylmethionine : Methionine condenses with ATP forming SAM, a high 
energy compound which is unusual in that it contains no phosphate.

o Activated methyl group: Methyl group of SAM is activated and can be transferred by
methyltransferases to a variety of acceptor molecules such as norepinephrine in the synthesis of 
epinephrine. 

o Hydrolysis of S-adenosylhomocysteine (SAH): SAH is hydrolysed to homocysteine and 
adenosine.
oHomocysteine has two fates: a) in deficiency of methionine, homocysteine is remethylated to 
methionine.
ob) When methionine is adequate, homocysteine converted to cysteine.



Succinyl CoA from Methionine

Propionyl	CoA Succinyl	CoAOxidative	
Decarboxylation



Amino acids that form succinyl CoA 

o a) Resynthesis of methionine: Homocysteine
accepts a methyl group from N5-
methyltetrahydrofolate.
o Enzyme involved in transfer of the methyl group is 
methionine synthase.

o b) Synthesis of cysteine: Homocysteine
condenses with serine forming cystathionine which is 
hydrolysed to α-ketobutyrate and cysteine by the 
enzyme cystathionase.
o α-ketobutyrate is oxidatively decarboxylated to form 
propionyl CoA which is converted to succinyl CoA.



RELATIONSHIP BETWEEN HOMOCYSTEINE TO DISEASES: 

o High plasma levels of homocysteine promote oxidative damage, 
inflammation and are an independent risk factor for occlusive vascular 
disease.

o In classic homocystinuria, large elevations in plasma homocysteine is a 
result of rare deficiencies in cystathionine β-synthase. These individuals 
experience premature vascular disease. 

o In pregnant women, elevated homocysteine and decreased folic acid are 
associated with increased incidence of neural tube defects in the fetus. 



AMINO ACIDS THAT FORM SUCCINYL
COA

o Degradation of valine, isoleucine, 
and threonine also results in the 
production of succinyl CoA which is 
a TCA cycle intermediate

o Valine and isoleucine generate 
propionyl CoA, which is converted 
to methylmalonyl CoA and then to 
succinyl CoA .

o Threonine is dehydrated to α-
ketobutyrate, which is converted to 
propionyl CoA and then to succinyl 
CoA.



AMINO ACIDS THAT FORM ACETYL COA OR
ACETOACETYL COA
o A total of six partly or wholly ketogenic amino 
acids.
¢Phenylalanine and tyrosine give rise to 
acetoacetate.

¢Leucine is exclusively ketogenic, forming acetyl 
CoA and acetoacetate.

¢Isoleucine is both ketogenic and glucogenic,
yielding acetyl CoA and propionyl CoA). 

¢Lysine  is exclusively ketogenic 
¢Lysine ultimately converts to acetoacetyl CoA.

¢Tryptophan: both glucogenic and ketogenic
because its catabolism yields alanine and 
acetoacetyl CoA. 



CATABOLISM OF THE BRANCHED-CHAIN
AMINO ACIDS

¢ Isoleucine, leucine, and valine are essential 
amino acids. 

¢ Are metabolized primarily by the peripheral 
tissues, particularly muscle, rather than by the 
liver. 

¢ All 3 amino acids of  have a similar route of 
catabolism so are considered as a group.

¢ TRANSAMINATION: catalyzed by branched-
chain amino acid aminotransferase to transfer 
their amino groups to a-ketoglutarate.

¢ OXIDATIVE DECARBOXYLATION: Removal of 
the carboxyl group of the α-keto acids derived 
from leucine, valine and isoleucine is catalyzed 
by a single multienzyme complex, branched-
chain α-ketoacid dehydrogenase complex. 

¢ This complex produces NADH



¢ DEHYDROGENATION: Oxidation yields α-β-
unsaturated acyl CoA derivatives.

¢ Deficiency in the dehydrogenase specific for 
isovaleryl CoA causes neurologic problems and 
is associated with “sweaty feet” odor  in body 
fluids.

¢ END PRODUCTS: catabolism of isoleucine 
ultimately yields acetylCoA and succinyl CoA

¢ Valine yields succinyl CoA
¢ Leucine yields acetoacetate and acetyl CoA

CATABOLISM OF THE BRANCHED-
CHAIN AMINO ACIDS



FOLIC ACID AND AMINO ACID 
METABOLISM

¢ Folic acid act as a carrier of one-carbon units. 

¢ THF is the active form of folic acid, is produced 
from folate by dihydrofolate reductase in a two-
step reaction requiring two NADPH. 

¢ THF allows one-carbon compounds to be 
recognized and manipulated by biosynthetic 
enzymes. 

¢ Note: Folate deficiency presents as a 
megaloblastic anemia due to decreased 
availability of the purines and of the TMP needed 
for DNA synthesis .


