
METABOLISM OF PROTEINS AND
AMINO ACIDS









Sources of utilisation of Amino 
Acids





CONSEQUENCES OF DIET LOW IN PROTIEN

Deficiency of essential a.acid 

Break down of Tissue Protein.

Protein deficiency ςKWASHIORKER

CONSEQUENCES OF DIET HIGH IN PROTIEN

Amino group is converted to Ammonia carbon 
skeleton converted to glucose and Fats.



Protein Degradation

Two major Enzyme systems

1. ATP dependent UbiQuitinςProteasome 

system of Cytosole.

2. ATP independent degradative Enzyme 

system of Lysosome.





Ubiquitin-ProteosomeMechanism

Å-Ubiquitinς

Small globular non enzymatic Protein

Å-Proteosome

ÅLarge barrel-shaped macromolecule, proteolytic
complex 

Å-UbiQuitination: Occureby peptide linkage of 
carboxylegroup of C-Terminal Glycineof UB to 
amino group of lysine in the protein substrate.

ÅIt is ATP dependant Process. 
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Half Life of Proteins

Å-Extra cellular protein e.gdigestive enzymes 
and plasma protein = hours or a few days 

Å-Intra cellular proteins e.gcollagen = Months 
or Years

Å-Also influence by amino terminal residue e.g
serine = More than 20 hours.

ÅAspartate= Only 3 Minutes



Biochemical Reactions Of Amino Acids In The Body

Following are various types of reactions involved in the 
metabolism of amino acids : 

1. Trans-amination

2. Deamination

3. Trans-methylation

4. Deamidation

5. Trans-peptidation

6. Decarboxylation &

7. Interconversion of amino acids.



1. Trans-amination









ÅDiagnostic value of Plasma amino 
Transferases :-

ÅNormally Intracellular enzymes 

ÅElevated level indicates damage to the cell 
rich in these enzymes.

ÅAST    OR   SGOT 

ÅALT    OR   SGPT 



Å(a) Liver diseases.   Both elevated 

ÅAlso have prognostic value 

Å(b) Nonhepatic diseases  e.g M.I , Muscle 
disorders.



2.Oxidative Deamination





Transport of ammonia to the 
liver

-Two mechanisms 

1. Combination of ammonia with glutamate 
to form non-toxic glutamine

2.Formation of alanineby transaminationof 
pyruvate.



The transport of alanine
from muscle to liver 
results in a reciprocal

transport of glucose to 
muscles   ( Glucose ςAlanineCycle)



)









ÅUrea Cycle:

ÅH2N

C=O

ÅH2N







For ATP



ÅN-acetylglutamatebrings some conformational 
change in the enzyme which effects the affinity 
of enzyme for ATP.



ÅNAG is synthesized from acetyl CoAand glutamate by N-
acetylglutamatesynthaseIn a reaction for which arginine
is an activator. 

The cycle is also regulated by substrate availability (short-
term regulation) and enzyme induction (long term) 



Fate of urea

1. Mostly filtered and excreted by kidneys

2. A small portion , diffuses from blood in to 
intestine and is cleaved to co2 and NH3 by 
bacterial urease

Å ThisNH3 is partly lost in faces and is partly 
reabsorbed in to the blood.

Å In renal failure, plasma urea level is elevated, 
so more urea in gut, so more formation of NH3
causing hyperammoniain these patients.





Significances of urea cycle

1. Conversion of Toxic Ammonia  in to Non ςToxic 
urea

2. Source of Arginineand Fumarate

a. Arginine: i. Take part in protein synthesis 

ii. Covertedto NO, which is a powerful vasodilator 

iii. It combines with Glycine and thus take part in 
the synthesis of creatine.



b. Fumarate: i. It is hydrated to malate which is 
oxidized to oxaloacetate,whichin the cytosoleis 
transaminatedto asparateand reenter the urea 
cycle or malate may enter in mitochondria, 
oxidized to oxaloacetate in TCA cycle, which can 
be used for gluconeogenesis.



Why NH3 is Toxic

1.   NH3 enhances aminationof  Ketoglutarateof TCA cycle to form Glutamate in 
brain, so depresses TCA cycle, affecting the cellular respirationespeciallythe 
brain, which depends on TCA cycle for its energy.

2. Increased NH3ŜƴƘŀƴŎŜǎ ά DƭǳǘŀƳƛƴŜέ ŦƻǊƳŀǘƛƻƴ ŦǊƻƳ DƭǳǘŀƳŀǘŜ ǎƻ 
decreased  Glutamate , so decreased formation of inhibitory 
Neurotransmitter GABA.

3. Increased Glutamine enhances out flow of Glutamine from Brain cell

Glutamine 

( same Transporter)

Tryptophan

Tryptophan

Serotinin



2. Urea 

ÅNormal value -20-40mg/100ml

- UraemiaςCauses 

a) Pre-Renal      

b) Renal 

c) Post Renal 



Hyperammonaemia

1. Acquired Hyperammonaemia:-

ÅCirrhosis of liver 

ÅRenal failure 

2. Inherited hyperammonaemia :-

ÅDue to genetic defects in the urea cycle enzymes. 

ÅThe symptoms of NH3 INTOXICATION INCLUDE 

- A peculiar flapping Tremor 

- Slurring of speech 

- Bluring of vision 

- Coma and death in severe case



Inherited Disorders Associated with urea cycle

1. HyperammoneamiaType I 

Å Enzyme deficient : C.P SynthetaseI 

Å Symptoms of Hyperammoneamia

2. HyperammoneamiaType II 

INHERITANCE: X-chromosmelinked 

Å Enzyme deficient : OrnithineTranscarbamyolase

Å Symptoms of NH3 Toxicily

Å Increased Level of Glutamine ,NH3 and ornithine in blood,urineand CSF. 



3. Citrulinemia:-

Inheritance : Autosomalrecessive

Å Enzyme deficient : Argininsuccinatesynthetase

Å Hyperammonemia

Å Increased level of NH3  and citruline in Blood and CSF

4. ArgininoSuccinicAciduria: 

Inheritance : Autosomalrecessive

Å Enzyme deficient: Argininosuccinase

Å Hyperammonemia

Å Blood and CSF have increased  level of argininosuccinate

5. Hyperarginimemia:Enzymedeficient:   Arginase

Å Hyperammonemia

Å Increased level of Arigininein Blood  and CSF  

6. Hyperammonemiamay occuredue to the deficiency of N-acetyl ςglutamate 
deficiency 

7. Hyperammonemiamay occuredue to the deficiency  of Ornithinetransporter 



Disorder DeficientEnzyme/ 
protein

Raised Level

1. Deficiency  of                       
N-Acetylglutamate

N-Acetylglutamate
Synthase

Ammonia

2. HyperammonemiaType ςI CarbamoylPhosphate 
SynthetaseςI

Ammonia

3. HyperammonemiaType ςII Ornithine
transcarbamoylase

Ammonia + Orn+ Uracil + 
Oroticacid

4. Citrullinemia Argininosuccinate
Synthetase

NH3+ Orn+ Uracil + Orotic
acid + Citrulline

5. ArgininosuccinicAciduria ArgininosuccinaseOr 
Argininosuccinatelyase

NH3+ Orn+ U + OA + Cit + 
Argininosuccinate

6. Argininemia Arginase NH3+ Orn+ U + OA + Cit+ 
Argininosuccinate+Arg

7. HHH Syndrome Ornithine transporter
(Responsible for transport 
of ornithine from cytosol to 

mitochondria)

Ammonia,Ornithine
Homocitrulline
(Homocirtullinuria) 
(When ornithine is not available in 
mitochondrion ,the Carbamoyl
Phosphate condenses with lysine to 

form homocitrulline)



ÅGeneticallytransmitted (as autosomalrecessive

genes)(Excepttype- 2 i.e OT.Carbmdeficeincy

whichisX-linked.)

ÅClinicalfeatures& treatment of all disordersare

similar

ÅSymptomsand consequencescan be minimized

when low protein diet is administered as

frequent smallmealsto avoidsuddenincreasein

ammonialevel.





Amino Acid Metabolism

3. Transmethylation 

ÅMethyl group of a methyl donor (e.g. methionine)is transferredto 
other substances (methyl acceptors) ------catalyzed by methyl 
transferases or trans-methylases(such methyl group is known as άƭŀōƛƭŜ 

ƳŜǘƘȅƭέgroup). 

ÅMethionine cannot directly supply its -CH3 group but it has first to 

be converted to άŀŎǘƛǾŜ ƳŜǘƘƛƻƴƛƴŜέ (SAM).

ÅMethionine condenses with ATP, forming SAM ς--- an unusual 

high energy compound as it contains no phosphate.



METHIONINE METABOLISM

(Sulphurcontaining ,essential, glucogenic)





ÅSynthesis and degradation of 

S-adenosylmethionine(SAM).

(From methionine)









HOMOCYSTINURIA



















6  DecarboxylationReactions

ÅReactions by which Co2 is removed from CooH
group of an a. acid by enzyme , Decarboxylase, 
present in liver , kidneys, brain and also in micro 
organism of intestinal tract.
ÅThe enzyme require pyridoxalphosphate as 

coenzyme.
ÅThe enzymes removes Co2 from CooHand convert 

the a.acidis corresponding amines.
ÅR-CH-CooH CO2 R.CH2 -NH2

Å NH2                                  Decarboxylase (Amine)
Å B6 -P

Å (Amino acid)           



Examples are :-

(i) Histidine                            Histamine + CO2

(ii) 5-Hydroxytryptophan                      5-Hydroxytryptamine + CO2

(iii) Lysine                             Cadaverine + CO2

(iv) Ornithine                           Putrescine + CO2

(v) Tyrosine                            Tyramine + CO2

(VI) Dihydroxy-phenylalanine (DOPA)                      Dopamine + CO2

(VII)GlutamicAcid                           GABA + CO2












