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OXIDATIVE DEAMINATION OF AMINO ACIDS
¢ Oxidative deamination by 

glutamate dehydrogenase results 
in the liberation of the amino 
group as free ammonia.

¢ These reactions primarily occur 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 DEHYDROGENASE
� Glutamate is unique as it is the only amino acid to 

undergo rapid oxidative deamination.

� Glutamate dehydrogenase can use either NAD+ or 
NADP+ as a coenzyme.

� NAD+ is used primarily in oxidative deamination.

� NADPH is used in reductive amination.

� After ingestion of a meal containing protein, 
glutamate levels in the liver are elevated, and the 
reaction proceeds in the direction of amino acid 
degradation and the formation of ammonia.

� High ammonia levels are required to drive the 
reaction to glutamate synthesis .

� GTP is an allosteric inhibitor of glutamate 
dehydrogenase whereas ADP is an activator.



TRANSPORT OF AMMONIA TO THE LIVER
¢ Two mechanisms are available in humans for 

transport of ammonia from peripheral tissues to 
liver for ultimate conversion to urea.

¢ The first uses glutamine synthetase to combine 
ammonia with glutamate to form glutamine a 
nontoxic form of ammonia.

¢ The glutamine is transported via blood to the liver
where it is cleaved by glutaminase to produce 
glutamate and free ammonia.

¢ Ammonia is then converted to urea.

¢ The second mechanism involves formation of 
alanine by transamination of pyruvate.

¢ Alanine transported by blood to liver where it is 
converted to pyruvate again by transamination.

¢ The pyruvate is used to synthesize glucose which 
enter blood and be used by muscle, a pathway 
called the glucose-alanine cycle.



UREA CYCLE

¢ The major disposal form of amino groups 
is urea, derived from amino acids.

¢ Out of the two nitrogens of urea molecule 
one is supplied by free ammonia, and the 
other nitrogen by aspartate. 

¢ Glutamate is the immediate precursor of 
both ammonia and aspartate nitrogen.

¢ The carbon and oxygen of urea are 
derived from carbon dioxide.

¢ Urea is produced by the liver, and then is 
transported in the blood to the kidneys for 
excretion in the urine.



REACTIONS

¢ The first two reactions occur in the mitochondrial 
matrix and the remaining of the cycle occur in the 
cytosol.

¢ Formation of carbamoyl phosphate by carbamoyl 
phosphate synthetase I (CPS I) is driven by 
cleavage of two molecules of ATP. 

¢ Ammonia gets incorporated into carbamoyl 
phosphate is provided primarily by the oxidative 
deamination of glutamate by mitochondrial 
glutamate dehydrogenase . 



¢ Formation of citrulline
� The carbamoyl portion of carbamoyl phosphate is transferred to ornithine

by ornithine transcarbamoylase(OTC) 
� The reaction product citrulline is transported to the cytosol.

¢ Synthesis of argininosuccinate
� Argininosuccinate synthetase combines citrulline with aspartate giving 

argininosuccinate. 
� The α-amino group of aspartate provides the second nitrogen that is 

ultimately incorporated into urea. 
� This reaction is driven by the cleavage of ATP to AMP and 

pyrophosphate. 
� This is the third and final molecule of ATP consumed in the formation of 

urea.

REACTIONS



Urea cycle



¢ Cleavage of argininosuccinate
¢ Argininosuccinate is cleaved by argininosuccinate lyase to yield arginine

and fumarate. 

¢ Fumarate produced in the urea cycle is hydrated to malate, providing a link 
with several metabolic pathways like TCA cycle, or get oxidized to 
oxaloacetate to enter gluconeogenesis.

¢ Cleavage of arginine to ornithine and urea

¢ Arginase hydrolyzes arginine to ornithine and urea exclusively in the liver.

¢ The kidneys can synthesize arginine but only liver can cleave arginine and 
synthesize urea.

REACTIONS



OVERALL STOICHIOMETRY OF THE UREA CYCLE

¢ Aspartate + NH3+ HCO3- + 3 ATP + H2O →urea + fumarate + 2 ADP
+ AMP + 2 Pi+ PPi

¢ Four high-energy phosphate bonds are consumed in the synthesis of 
ONE molecule of urea. 

¢ Synthesis of urea is irreversible.



REGULATION

¢ N-Acetylglutamate is an essential 
activator for carbamoyl 
phosphate synthetase I and 
hence it is the rate-limiting step in 
the urea cycle. 

¢ N-Acetylglutamate is synthesized 
from acetyl CoA and glutamate
by N-acetylglutamate synthase in 
a reaction of which arginine is an 
activator.



FATE OF UREA
¢ Urea diffuses from liver and transported in blood to the kidneys, where it is 

filtered and excreted in the urine. 

¢ Portion of the urea diffuses from the blood into the intestine, and cleaved to 
carbon dioxide  and ammonia by bacterial urease. 

¢ This ammonia is partly lost in the feces, and is partly reabsorbed into the 
blood. 

¢ Patients suffering from kidney failure, their plasma urea levels are elevated, 
promoting a greater transfer of urea from blood into the gut. 

¢ The intestinal action of urease on this excess urea becomes a clinically 
important source of ammonia, contributing to the hyperammonemia often 
seen in these patients.



� From bacterial action in the intestine: Ammonia is formed 
from urea by the action of intestinal bacterial urease in the 
lumen of the intestine. This ammonia is absorbed from the 
intestine by way of the portal vein and is removed by the liver
via conversion to urea.

� From amines: Obtained from the diet or monoamines acting 
as hormones or neurotransmittors give rise to ammonia is by 
the action of  monoamine oxidase.

� From purines and pyrimidines: catabolism of purines and 
pyrimidines, amino groups attached to the rings are released 
as ammonia.

SOURCES OF AMMONIA 



HYPERAMMONEMIA

¢ The capacity of the hepatic urea cycle exceeds the normal rates 
of ammonia generation, and the levels of serum ammonia are 
normally low (5–35 μmol/L). 

¢ When liver function is compromised, due to genetic defect of the 
urea cycle or liver disease,  blood levels of ammonia can rise 
above 1,000 μmol/L , such is a medical emergency.

¢ Such  hyperammonemia has a direct neurotoxic effect on the 
CNS. 

¢ Symptoms are tremors, slurring of speech, drowsiness, 
vomiting, cerebral edema, blurring of vision, coma and even 
death. 


