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1. Metabolic fates of amino group
2. Nitrogen excretion and the urea cycle
3. Pathways of amino acid degradation

1. During the normal synthesis and degradation of cellular proteins, some
amino acids that are released from protein breakdown and are not needed 
for new protein synthesis undergo oxidative degradation.

2. When a diet is rich in protein and the ingested amino acids exceed the body’s 
needs for protein synthesis, the surplus is catabolized; amino acids cannot 
be stored.

3.  During starvation or in uncontrolled diabetes melitus, when carbohydrates are 
either unavailable or not properly utilized, cellular proteins used as fuel. 

Amino acids undergo oxidative degradation in different metabolic circumstances



Overview of amino acid catabolism in mammals



Metabolic fates of amino groups

mitochondria



Part of human digestive (gastrointestinal) tract

secretin

bicarbonate

cholecystokinin

Trypsinogen
Chymotrypsinogen
Procarboxypeptidase A & B

aminopeptidase

Liver

* Acute pancreatitis



Activation of zymogens by proteolytic cleavage

secreted by intestinal cells





Enzyme-catalyzed transaminations

Transaminase
(differ in their specificity for
the L-amino acid)

Pyridoxal phosphate



Pyridoxal phosphate, 
the prosthetic group of aminotransferase 

258

Asp aminotransferase

aldimine linkage



Some amino acid transformations at the  carbon
that are facilitated by pyridoxal phosphate



Transamination



Racemization 



Decarboxylation



NH4
+

Gln

Detoxification

Ammonia transport 
in the form of glutamine

Tissue

Liver

Glu



Reaction catalyzed by glutamate dehydrogenase
(Glutamate releases its amino group as ammonia in the liver)

mitochondria

Glu
[GDH]

[AT]

Transamination

GTP

ADP



-ketoglutarate
NH4

+

glutamate
GDH

Glutamine (osmolyte)

GS
ATP

Ammonia is toxic to animals (in brain)

GABA



Alanine transports ammonia from
skeletal muscle to the liver
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Glucose-alanine cycle



Urea cycles and reactions that feed amino groups into the cycle



Transamination

TCA cycle

CO2 (II in cytosol: pyrimidine biosynthesis)



Ornithine
transcabamoylase

Argininosuccinate
synthetase

Argininosuccinate
lyase

Arginase



CO2

Nitrogen-acquiring reactions in the synthesis of urea



Links between the urea cycle and citric acid cycle

CO2 (HCO3
-)



Arginine
(in plants and

microorganisms)

The activity of 
the urea cycle is regulated





excreted 
in the urine

Treatment of deficiencies 
in urea cycle enzymes



Summary of amino acid catabolism
(account for only 10 ~ 15% of the human body’s energy production)



Some enzyme cofactors important in 
one-carbon transfer reactions
(* transamination: PLP)

Amino acid catabolism: transamination
one-carbon transfer

(synthesized in bacteria) 



Conversion of one-carbon units on tetrahydrofolate

Histidine

Purine, 
Formyl-Met (in prokaryotes) 



Synthesis of Met and 
s-adenosyl-Met in an activated-methyl cycle

1,000 times more reactive !!!

“a potent alkylating agent”



Catabolic pathways for:
Ala, Gly, Ser, Cys, Trp, Thr

Nonketotic
hyperglycinemia

1

2

3

Glyoxylate

Oxalate

D-amino acid oxidase
(high level in kidney)

calcium oxalate
(75% of Kidney stone)

Mental deficiencies
Inhibitory Neurotransmitter

3 major pathway in animals





Catabolic pathways for: Trp, Lys, Phe, Tyr, Leu, Ile

*

*

* Ketogenic



Tryptophan as precursor

* Fluoxetine, Prozac
lysergic acid diethylamide (LSD) 



Biosynthesis of some neurotransmitters from amino acids
(Catecholamines)



Catabolic pathways for: Phe, Tyr



Alternative pathways for
catabolism of Phenylalanine in phenylketonuria



Catabolic pathways for: Arg, His, Glu, Gln, Pro



Catabolic pathways for: 
Met, Ile, Thr, Val



Catabolic pathways for three-branched amino acids:
Val, Ile, Leu (are oxidized as fuels primarily in muscle, adipose, kidney, and brain tissue) 

(absent in liver)



Catabolic pathways for: 
Asn, Asp


