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TYPES OF AMINO ACIDS
¢ Amino acids that cannot be synthesized by the human body and are required to be 

taken in the diet are referred to as essential amino acids.
¢ Amino acids that can be synthesized by the human body and can or cannot be taken 

in the diet are referred to as non-essential amino acids.
¢ Both essential and non-essential amino acids can be further grouped into glucogenic, 

ketogenic or both.

o Amino acids whose catabolism 
yields pyruvate or an intermediate of 
the TCA cycle- Glucogenic

oAmino acids whose catabolism 
yields either acetoacetate or acetyl 
CoA or acetoacetyl CoA- Ketogenic

oLeucine and lysine are the only 
amino acids that are only ketogenic
in nature.



¢ Nonessential amino acids are synthesized from the  
intermediates of metabolism.

¢ Adequate dietary supply of some essential amino 
acids is needed for the synthesis of some 
nonessential amino acids.

¢ For example: for synthesis of tyrosine ample 
amount of phenylalanine is required (essential)

¢ Similarly for cysteine, methionine is required.

¢ Synthesis from α-keto acids by transamination:
¢ Alanine , aspartate and glutamate are synthesized 

by transfer of amino group to pyruvate, 
oxaloacetate and α-ketoglutarate.



SYNTHESIS BY AMIDATION

o Glutamine: It contains an amide linkage with 
ammonia at the gamma-carboxyl is formed from 
glutamate by glutamine synthetase. 

o The reaction is driven by the hydrolysis of ATP. 
o It is also a major mechanism for the transport of 

ammonia in a nontoxic form.

o Asparagine: This amino acid, contains an amide 
linkage with ammonia at the beta-carboxyl is 
formed from aspartate by asparagine synthetase

o This reaction also requires ATP.



Tyrosine is formed from phenylalanine by phenylalanine hydroxylase. 
¢ The reaction requires molecular oxygen, coenzyme tetra hydrobiopterin (BH4)
¢ One atom of molecular oxygen becomes the hydroxyl group of tyrosine and the other 

atom is reduced to water. 
¢ Tyrosine, like cysteine, is formed from an essential amino acid and is, therefore, non 

essential only in the presence of adequate dietary phenylalanine.

Proline: Glutamate is converted to proline by cyclization and reduction 
reactions.

PROLINE AND TYROSINE



Serine: 
¢ It arises from 3-phosphoglycerate, an intermediate in glycolysis, which is oxidized to 

3-phosphopyruvate and then transaminated to 3-phosphoserine.

¢ Serine can also be formed from glycine through transfer of a hydroxymethyl group by 
serine hydroxymethyltransferase using N5,N10-methylene-THF as the one carbon 
donor.

http://www.biocarta.com/pathfiles/GlycinePathway.asp



o Glycine: It is synthesized 
from serine by removal of a
hydroxymethyl group by serine 
hydroxymethyltransferase. 

oTHF is the one carbon acceptor.

oCysteine: This amino acid is synthesized by 2 consecutive reactions in 
which homocysteine combines with serine, forming cystathionine which in is 
hydrolysed to α-ketobutyrate and cysteine.

o Or Homocysteine is derived from methionine as described.

o Because methionine is an essential amino acid, cysteine synthesis can be 
sustained only if the dietary intake of methionine is adequate.





¢ Phenylketonuria: caused by deficiency of phenylalanine hydroxylase
¢ It is the most common clinically encountered inborn error of amino acid 

metabolism.
¢ Biochemically characterized by accumulation of phenylalanine resulting in 

hyperphenylalanine and deficiency of tyrosine.
¢ Classic phenylketonuria characteristics: elevated phenylalanine in plasma, 

tissues and urine, severe intellectual disability, developmental delay and 
seizures.

¢ Patients with untreated phenylketonuria may show a deficiency of 
pigmentation.

¢ Albinism: it is caused due to a defect in tyrosine metabolism resulting in 
deficiency in production of melanin.

¢ Defects result in partial or full absence of pigment from skin, hair and eyes.
¢ Disease can be autosomal recessive, autosomal dominant or X-linked.
¢ Total absence of pigment from hair, eyes and skin results from absence or 

defect in a copper-requiring tyrosinase enzyme.
¢ Hypopigmentaion affected individuals have vision defects and photophobia 

and also increased risk of skin cancer.



¢ Alkaptonuria: It is a rare metabolic condition involving deficiency of 
homogentistic acid oxidase resulting in accumulation of homogentisic acid, 
an intermediate in the degradative pathway of tyrosine.

¢ Condition have 3 characteristic symptoms: homogentisic aciduria i.e. urine 
turns black on standing, large joint arthritis and deposition of black pigment in 
cartilage and collagenous tissue.

¢ Patients are asymptomatic until about age 40 years.
¢ Alkaptonuria is not life-threatening, the associated arthritis maybe severely 

crippling.  


