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Lecture plan

• The general pathways of amino acids metabolism:

- Decarboxylation of amino acids.

- Transamination of amino acids 

- Direct and indirect deamination of  amino acids.

• Pathways of ammonia formation.

• The molecular mechanisms of ammonia toxicity.  

• The molecular mechanisms of  ammonia detoxification.



Amino acid, any of a group of organic molecules that consist of a basic amino group (―NH2), an acidic carboxyl 
group (―COOH), and an organic R group (or side chain) that is unique to each amino acid. The term amino acid is 
short for α-amino [alpha-amino] carboxylic acid. Each molecule contains a central carbon (C) atom, called the α-
carbon, to which both an amino and a carboxyl group are attached. The remaining two bonds of the α-carbon atom are 
generally satisfied by a hydrogen (H) atom and the R group. The formula of a general amino acid is:

https://www.researchgate.net/figure/General-structure-of-a-amino-
acid_fig1_225590717

1.The amino acids are used by various tissues to synthesize 

proteins and to produce nitrogen-containing compounds (e.g., 

purines, heme, creatine, epinephrine), or they are oxidized to 

produce energy.

2.The breakdown of both dietary and tissue proteins yields 

nitrogen-containing substrates and carbon skeletons.

3.The nitrogen-containing substrates are used in the 

biosynthesis of purines, pyrimidines, neurotransmitters, 

hormones, porphyrins, and nonessential amino acids.

4.The carbon skeletons are used as a fuel source in the citric 

acid cycle, used for gluconeogenesis, or used in fatty acid 

synthesis.



Amino acids classification

https://microbenotes.com/amino-acids-properties-structure-classification-and-functions/



Decarboxylation of amino acids

https://www.slideshare.net/senchiy/amino-acids-metabolism-new-12281450



Degradation of biogenic amines

https://www.frontiersin.org/files/Articles/464380/fnmol-12-00143-
HTML/image_m/fnmol-12-00143-g001.jpg



Transamination of amino acids

• Transamination, a chemical reaction that transfers an amino group to a ketoacid to form new amino acids. This reaction is catalyzed by a 
family of enzymes called transaminases. Actually, the transamination reaction results in the exchange of an amine group on one acid with a 
ketone group on another acid. It is analogous to a double replacement reaction.

• The most usual and major ketoacid involved with transamination reactions is α-ketoglutaric acid, an intermediate in the citric acid cycle. A 
specific example is the transamination of alanine to make pyruvic acid and glutamic acid.



http://chemistry.elmhurst.edu/vchembook/631transam.html



https://www.slideshare.net/namarta28/amino-acid-catabolism-part1



Oxidative deamination

This reaction occurs primarily in liver 
mitochondria. Most of the NH4

+ ion 
formed by oxidative deamination of 
glutamate is converted to urea and 
excreted in the urine in a series of 
reactions known as the urea cycle.



Indirect oxidative deamination (transdeamination)

Indirect oxidative deamination includes 2 stages.

The first stage consists in the reversible transfer of the NH2 group from an amino acid to a ketoacid with the 
formation of a new amino acid and a new ketoacid with the participation of aminotransferase enzymes. It is reaction of  
transamination.  the final acceptor keto acid, usually uses α-ketoglutaric acid, which is converted to glutamate.

The second stage consists in cleavage of the amino group from amino acid - deamination. 

Because in the body, the collector of all amino acid amino groups is glutamic acid, then only it undergoes oxidative

deamination with the formation of ammonia and α-ketoglutaric acid. This stage is catalyzed by glutamate dehydrogenase.

Coupled reactions of transamination and deamination create a flow of excess amine nitrogen from peripheral cells

to the liver for the synthesis of urea and to the kidneys for the synthesis of ammonium salts.

https://www.quora.com/What-is-transdeamination-How-does-it-differ-from-deamination



https://pediaa.com/what-is-the-difference-between-transamination-and-
deamination/



Ammonia sources:

• Deamination of:

amino acids;

nitrogenous bases;

biogenic amines.

https://www.slideshare.net/DJ4SDM/class-5-formation-and-fate-of-ammonia



Ammonia blood concentration: 25-40 mcmol/l

• Hyperammonemia is a metabolic disturbance characterised by an excess of ammonia in 
the blood. It may be primary (congenital) or secondary (acquired).

Primary: absence of the urea synthesis

enzyme: 

- type I hyperammonemia is hereditary -

lack of carbamoyl phosphate synthetas;

- type II hyperammonemia - of 

ornithinecarbamoyltransferase;

- citrullinemia - lack or absence of 

argininosuccinate synthetase, urinary

excretion of citrulline;

- argininosuccinate aciduria - absence of 

argininosuccinate lyase, increased levels of 

argininosuccinate in the blood, 

cerebrospinal fluid. 

- hyperargininemia - low activity of 

arginase in erythrocytes, increased levels of 

arginine in the blood, cerebrospinal fluid, a 

lot of lysine and cysteine in the urine.

Secondary:

- liver diseases (portal hypertension, 

mechanical damage);

- increased putrefaction of proteins in the

intestine;



Ammonia toxicity

https://www.slideserve.com/dexter/urea-cycle-and-its-defects



Ammonia toxicity

The toxicity of ammonia is associated with its effect on the central nervous system:

- ammonia passes through membranes and enters the brain cells, ammonia

- interacts with β-ketoglutarate, which leads to a decrease

in the rate of glucose oxidation, deficiency of energy;

- ammonia increases the synthesis of glutamine in nervous tissue, as a result,

osmotic pressure rises, cerebral edema develops;

- ammonia decreases glutamate concentration, that leads to a disruption in the metabolism

of neurotransmitters (GABA), this disrupts the conduction of a nerve impulse and

causes convulsions,

- ammonia in the blood and cytosol forms the NH4 + ion, the accumulation of which

disrupts the transmembrane transport of sodium and potassium ions,

which affects the conduction of nerve impulses.



Ammonia detoxification

• Reductive amination of keto acids, formation of glutamine, asparagine (brain)

• Formation of ammonium salts (kidney)

• Synthesis of carbamoyl phosphate (liver)

• Synthesis of urea (liver)



Reductive amination of α-ketoglutarate and formation of glutamine



Formation of ammonium salts (kidney)



The ornithine cycle (Urea cycle) is the main pathway for ammonia

detoxification

Ornithine is regenerated at each turn of the urea cycle. 

In urea, one amino group enters the cycle in the

mitochondria during oxidative deamination

of glutamate, the second amino group is supplied by

aspartate from the cytosol. 

The urea cycle is involved in the regulation of blood

pH. In the ornithine cycle, 

4 high-energy bonds of three ATP molecules are

consumed for each revolution of the cycle.

The process itself provides energy during the

regeneration of aspartate from fumarate, the NADH2 

molecule is formed, which gives 3 ATP, during the

oxidative deamination of glutamate, 3ATP is formed.

https://microbenotes.com/urea-cycle-enzymes-and-steps/



Urea cycle regulation
Urea cycle is regulated by the rate limiting enzyme carbamoyl phosphate synthase I, the first enzyme of the ammonia 
detoxification pathway. It is only active in presence of its allosteric activator N-methyl-glutamate amino acid. It catalyses the 
condensation of ammonium ions NH4

+, CO2 and ATP to form carbamoyl phosphate, a product that will condense with L-
ornithine in order to initiate the urea cycle.

Step Reactants Products Catalyzed by Location

1 NH4
+ + HCO3

− + 2ATP
Carbamoyl
phosphate + 2ADP + 
Pi

Carbamoyl 
phosphate 
synthetase I

mitochondria

2
Carbamoyl 
phosphate + 
Ornithine

Citrulline + Pi

Ornithine 
transcarbamoylase

mitochondria

3
Citrulline + 
Aspartate + ATP

Argininosuccinate + 
AMP + 
pyrophosphate

Argininosuccinate 
synthetase

cytosol

4 Argininosuccinate Arginine + Fumarate Argininosuccinase cytosol

5 Arg + H2O Ornithine + Urea Arginase cytosol

Carbamoyl phosphate synyhesis and reactions of the urea cycle



Blood urea concentration: 2.5-8.3 mmol/l

Causes of urea decreasing: liver failure, low protein diet, malabsorption,

nephrotic syndrome

Causes of urea increasing: kidney disease (pyelonephritis, glomerulonephritis), heart failure, increased protein

сatabolism

Urine urea excretion: 20-35 g/day

Increased excretion: High protein diet, increased catabolism of proteins, hyperthyroidism, fever. 

Decreased excretion: Low protein diet and high in carbohydrates, convalescence period, Liver diseases, kidney

disease and renal failure, disorders of urea formation.
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