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Biosynthesis of amino acids 



Plants and bacteria synthesize all 20 common 

amino acids. Mammals can synthesize about 

half; the others are required in the diet 

(essential amino acids ——Leu、Trp、Phe、
Val、Met、Leu、Thr、Ile).  

 



superpathway of leucine, valine, and isoleucine biosynthesis  
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THIS ONE IS ARGININE 

In general, humans 
can’t synthesize 

amino acids that 

require more than 5 

steps. 
 



Six biosynthetic families (bold = essential): 

 



Amino acid biosynthesis Essential 

Nonessential 

Tetrose + triose (PEP) Tyr/Trp/Phe 
(aromatics) 

Pentose 

(pentose phosphate shunt) 

His 

3PG 

(glycolysis) 

Cys/Gly Ser 

Pyruvate 1.         Ala/Val/Leu/Ile 

2.         α-KG         Glu             Gln/Pro 

Ornithine Arg 
(urea cycle) 

3.  OA         Asp             Lys/Asn/Met/Thr 



Typically, first 

enzyme in a pathway 

is allosterically 

inhibited by the end 

product (allosteric 

feedback inhibition). 
 

Regulation 
 



Interlocking regulatory 

mechanisms ensure 

that amino acids are 

synthesized in the 

correct proportions for 

protein synthesis. 

 

Regulation 

E. coli regulation of 

various amino acids 

derived from Asp. 



Plants and microbes synthesize all 20 

amino acids 

The amino group is derived from 

glutamate via transamination of the 

corresponding α-keto acid 

Mammals can sythesize only 10 of the 

20 amino acids 



PEP and Erythrose-4-P Family 

Phenylalanine Tyrosine Tryptophan 

Histidine is derived from PRPP 

(phosphoribosylpyrophosphate) 



Arginine biosynthesis involves steps that 

are part of the urea cycle and depends on 

the formation of ornithine.  Ornithine has 

three metabolic roles:  

 1) as a precursor to arginine. 

2) as an intermediate in the urea cycle. 

3) as an intermediate in Arginine degradation. 



 

 



ASPARTATE  →    

ASPARTYL-ΒPHOSPHATE → 

Β-ASPARTYL SEMIALDEHYDE 

 

Threonine, methionine and lysine biosynthesis in 

bacteria arises from the common precursor aspartate 

via the intermediate β -aspartyl semialdehyde 

ATP ADP 

NADPH 
NADP+ 





PEP and Erythrose-4-P Family: 

The aromatic amino acids are synthesized in a 

shared pathway that has chorismate as the key 

intermediate.  Chorismate is common to the 

synthesis of compounds with benzene rings including 

amino acids, Q, Qb, Vitamins E and K, and lignin. 

Chorismate is synthesized via the shikimate 

pathway; and the precursors to shikimate are PEP 

and erythrose-4-P 













Many thanks for attention 


