
Amino Acid MetabolismAmino Acid Metabolism



• Arginine*
• Histidine
• Isoleucine
• Leucine
• Lysine
• Methionine*
• Phenylalanine*
• Threonine
• Tryptophan
• Valine

• Alanine
• Asparagine
• Aspartate
• Cysteine
• Glutamate
• Glutamine
• Glycine
• Proline
• Serine
• Tyrosine

EssentialEssential NonNon--essentialessential



Amino acids are classified as Amino acids are classified as Amino acids are classified as Amino acids are classified as Amino acids are classified as Amino acids are classified as Amino acids are classified as Amino acids are classified as 
glucogenic glucogenic glucogenic glucogenic glucogenic glucogenic glucogenic glucogenic or or or or or or or or ketogenicketogenicketogenicketogenicketogenicketogenicketogenicketogenic

Glucogenic amino acids are degraded to compounds 
that can be used as carbon skeletons for glucose 
synthesis via gluconeogenesis

Ketogenic amino acids are degraded to compounds 
that can only be used to generate the ketone bodies

Several amino acids are classified as both glucogenic 
and ketogenic because of their degradation products
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Metabolism of Individual Metabolism of Individual 
Amino AcidsAmino Acids



Glutamate serves
as the precursor
for proline and 
ornithine



Serine & Serine & GlycineGlycine
• Serine derived from 3-PG and degraded to 

3-PG in 3 step process
– 2 pathways use different enzymes
– choline and ethanolamine derived from serine

• Glycine and serine interchangeable
– requires N5-N10 methyleneTHF
– catalyzed by serine OH-methyltransferase
– catabolized to CO2 and ammonia by GCC - deficiency in 

GCC leads to nonketotic hyperglycinemia (severe MR)
– glycine also is a major inhibitory neurotransmitter



ThreonineThreonine
• Ultimately degraded to lactate
• can be diverted to acetyl-CoA and 

glycine
• rare pathway leads to propionyl-CoA



Phenylalanine Phenylalanine & Tyrosine& Tyrosine
• Tyrosine derived from hydroxylation of 

phenylalanine, making F essential and Y not
• reaction proceeds only in direction of Y 

synthesis
• Y degraded to fumarate and acetoacetate

– pathway includes homogentisate oxidase -lack of 
enzyme leads to Alkaptonuria (urine turns brown 
on exposure to air)





PKU caused by loss of 
phenylalanine hydroxylase

gives urine a mousy odor



Methionine Methionine and and CysteineCysteine
• Methionine is essential and serves as the 

sulfur donor for cysteine
• SAM converted to SAH by transfer of -CH3

– principal -CH3 acceptor is norepi to form epi 
• adenosine removed to form homocysteine
• homocysteine + serine form cystathionine

– when need for energy high and not for cysteine, 
homocysteine is metabolized to α-KB, NH3 and H2S

• cystathionase yields cysteine and α-KB  



Synthesis of SSynthesis of SSynthesis of SSynthesis of SSynthesis of SSynthesis of SSynthesis of SSynthesis of S--------adenosylmethionineadenosylmethionineadenosylmethionineadenosylmethionineadenosylmethionineadenosylmethionineadenosylmethionineadenosylmethionine, SAM, SAM, SAM, SAM, SAM, SAM, SAM, SAM



Homocysteine
methyltransferase



forms conjugates with bile
may be involved in brain
development

Sulfate is used to make PAPS,
sulfate donor, e.g. globosides



Synthesis of Synthesis of Synthesis of Synthesis of 3’3’3’3’Synthesis of 3’Synthesis of 3’Synthesis of 3’Synthesis of 3’--------phosphoadenosinephosphoadenosinephosphoadenosinephosphoadenosinephosphoadenosinephosphoadenosinephosphoadenosinephosphoadenosine--------
5’5’5’5’5’5’5’5’--------phosphosulfatephosphosulfatephosphosulfatephosphosulfatephosphosulfatephosphosulfatephosphosulfatephosphosulfate, PAPS, PAPS, PAPS, PAPS, PAPS, PAPS, PAPS, PAPS



Additional Products from Additional Products from CysteineCysteine

• 2 moles cysteine converted to pyruvate 
and thiocysteine catalyzed by 
cystathionase

• cysteine can also be converted to 
pyruvate and thiosulfate

• Thiocysteine and thiosulfate both used 
to detoxify cyanide 







TryptophanTryptophan
• Many branches in catabolism, dominant 

pathway leads to acetoacetyl-CoA, one leads 
to kynurenine

• Also used for nicotinate mononucleotide 
synthesis

• Precursor for serotonin and melatonin
synthesis

• Kynurenine serves as precursor for 
neurotransmitters thought to be 
anticonvulsants and antiexcitotoxics



BranchedBranched--Chain Amino AcidsChain Amino Acids
• Metabolism initiated in muscle, generates 

NADH and FADH2

• valine yields propionyl-CoA
• isoleucine yields acetyl-CoA and propionyl-

CoA
• leucine yields acetyl-CoA and acetoacetate
• deficiency in α-ketoacid decarboxylase leads 

to Maple syrup urine disease (MSUD)Maple syrup urine disease (MSUD)



LysineLysine
• Catabolism yields NADH and FADH2

• end-product is acetoacetyl-CoA
• Carnitine is derived from lysine



HistidineHistidine
• Catabolism yields glutamate and

N5-formiminoTHF
• when folate low formiminoglutamate is 

excreted in urine following a test dose of 
histidine

• Histidine is precursor for histamine thru 
action of histidine decarboxylase


