
Amino Acid Oxidation 

 

1 

 

 
 
Figure 1. Structures of amino acids pertinent to 

skeletal muscle amino acid oxidation. 

As you have already discovered, there is an overwhelming bias to carbohydrate 
catabolism in the study of the metabolic biochemistry of skeletal muscle contraction.  
However, amino acids provide a meaningful contribution to energy catabolism during 
intense and prolonged exercise, and are of course essential 
for muscle protein synthesis during the recovery from 
exercise.  The removal of amine groups from amino acids 
(deamination) also accounts for a large percentage of the 
ammonia release from muscle during intense and prolonged 
exercise, which is then converted to urea in the liver.  Given 
the growing awareness of the importance of increased 
protein intake as part of the nutritional component (also less processed carbohydrate 
and total ingested calories) of a multi-faceted approach (exercise, nutrition and if 
needed, medication) intervention to treat individuals with type II diabetes, a thorough 
study of amino acids and proteins is essential for the exercise physiologist. 

 
Amino acids acquired from food 
intake and digestion, along with 
amino acids produced from protein 
catabolism represent a meaningful 
source of energy during specific 
types of exercise and nutritional 
states.  Figure 1 provides some 
structures of amino acids pertinent 
to skeletal muscle amino acid 
oxidation.  Note the varying carbon 
length and chemical composition of 
the side chains of the different 
amino acids. 
 
Figure 2 provides a schematic 
overview of the source and 
pathways involved in amino acid 
oxidation during exercise.  Note 
that multiple tissues are involved in 
catabolism and handling of 
products from amino acid 
oxidation, including skeletal 
muscle, the liver and the kidney.  
Amino acids, depending the 
carbon side-chain length, can be 
modified to have their side chains 
enter into the glycolytic pathway at 

pyruvate, or the tricarboxylic acid (TCA) cycle at several different intermediates. 
 
The maximal contribution of amino acid oxidation to total energy expenditure during 
exercise is somewhere between 15 – 20%.  Amino acid oxidation can be negligible 
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Figure 2. Schematic overview of the source and pathways involved in amino acid 

oxidation during exercise. 

during low intensity, short duration exercise.  However, as exercise becomes more 
prolonged, and/or blood glucose begins to fall, there is a greater hormonal stimulus 
(increased glucagon, cortisol and growth hormone) for protein catabolism and increased 
amino acid oxidation.  Intense, short duration exercise is also known to increase amino 
acid oxidation.  However, post-exercise metabolism after intense exercise favors protein 
synthesis and over-rides the amino acid oxidation experienced during the intense 
exercise. 
 
Figure 2 also shows that amino acid oxidation involves the production of ammonia 
(NH4

+) from the amine groups (NH2) released from amino acids (deamination), and 
these are incorporated into other amino acids (transamination) that either stay in the 
muscle, or are transported from muscle and circulate in the blood to the liver where they 
are processed by other deamination and transamination reactions, and any excess 
amine groups are processed to form urea.  The urea is then circulated to the liver for 
excretion in urine. 
 
Amino Acid Transamination and Deamination 
The deamination of amino acids is a great example of how cells can process a diverse 
number of molecules (the 20 amino acids) and channel excess amine groups into a 
smaller array of molecules.  Many amino acids have their amine group transaminated to 
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Figure 3. The entry points of amino acid side chains into energy catabolism. 

form their keto-acid derivative and transfer their amine group(s) to -ketoglutarate 
(TCA cycle intermediate) to form another amino acid, glutamate.  Most of these 
reactions occur within the cytosol.  Depending on the complexity of the amino acid side 
chain, some amino acids involve more reactions than others to facilitate this net 

transamination.  However, a key similarity for these amino acids is the involvement of -
ketoglutarate as a co-substrate in the production of the keto-acid derivative and 
glutamate.  Glutamate can then be processed to either further transfer the amine group, 
or have it removed and processed in the liver for urea formation. 
 
Equations 1 and 2 provide examples of the transamination of the amine group from an 

amino acid to -ketoglutarate, forming glutamate and the keto-acid of the original amino 
acid. 
 

pyruvateglutamateateketoglutaralanine            Equation 1 

 
teoxaloacetaglutamateateketoglutaraspartate            Equation 2 
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Figure 4. Ammonia (NH4

+
) production via the glutamate dehydrogenase reaction within 

muscle and the liver. 

Not all amino acids are processed through -ketoglutarate to form glutamate.  However, 
glutamate production is a common trait to all amino acid transamination.  Note that for 
Equation 1, skeletal muscle often uses pyruvate in the reverse direction to produce 
alanine as a means to transfer excess amine groups resulting from net amino acid 
deamination to a metabolite that can be released from muscle and transferred to the 
liver for further processing. 
 
Figure 3 summarizes the entry points of amino acid side chains into energy catabolism. 
 
Ammonia Production 
With the increasing glutamate production resulting from transamination and deamination 
reactions, muscle and liver cells need to process the glutamate to prevent excessive 
accumulation.  These cells do this by transporting glutamate to within the mitochondria, 

where the amine group is removed from glutamate to form -ketoglutarate and 
ammonia (NH4

+) by the enzyme glutamate dehydrogenase, as shown in Equation 3 
and Figure 4. 
 

42 NHHNADHateketoglutarNADOHglutamate              Equation 3 

 
The glutamate dehydrogenase reaction can also use NADP+ as the electron receiver. 

The ammonia (NH4
+) molecule is toxic to most cells, and especially the central nervous 

system.  Remember that the phosphagen system also produces ammonia via the AMP 
deaminase reaction.  Thus, during intense exercise, ammonia release from muscle 
increases, with alanine release preventing further increases in ammonia production.  
The alanine is then processed in the liver and converted back to glucose via 
gluconeogensis nia cycle called the alanine cycle. 
 

Glossary Words 
 
deamination involves the removal of amine groups. 
 
transamination involves the movement of an amine group from one molecule to 
another. 
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urea is the nitrogenous waste product produced in the liver from ammonia. 
 

-ketoglutarate is the TCA intermediate produced and used in the transamination 
reactions linked to glutamine and glutamate. 
 
glutamate is an amino acid that contains an amine group that when removed produced 

ammonia and the CTA cycle intermediate -ketoglutarate. 
 
alanine is a 3-carbon amino acid produced from the amination of pyruvate. 
 
ammonia (NH4

+) is a nitrogenous by-product of many transamination reactions. 
 
glutamate dehydrogenase is the enzyme that catalyzes the conversion of glutamate to 

-ketoglutarate and ammonia. 
 
alanine cycle is the cycle of alanine production in muscle, circulation to the liver, and 
conversion to glucose via gluconeogenesis. 
 

 


