
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 –KWASHIORKER

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 UbiQuitin – Proteasome 

system of Cytosole.

2. ATP independent degradative Enzyme 

system of Lysosome.





Ubiquitin-Proteosome Mechanism

• -Ubiquitin –

Small globular non enzymatic Protein

• -Proteosome

• Large barrel-shaped macromolecule, proteolytic
complex 

• -UbiQuitination: Occure by peptide linkage of 
carboxyle group of C-Terminal Glycine of UB to 
amino group of lysine in the protein substrate.

• It is ATP dependant Process. 
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Half Life of Proteins

• -Extra cellular protein e.g digestive enzymes 
and plasma protein = hours or a few days 

• -Intra cellular proteins e.g collagen = Months 
or Years

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

• Aspartate = 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









• Diagnostic value of Plasma amino 
Transferases :-

• Normally Intracellular enzymes 

• Elevated level indicates damage to the cell 
rich in these enzymes.

• AST    OR   SGOT 

• ALT    OR   SGPT 



• (a) Liver diseases.   Both elevated 

• Also have prognostic value 

• (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 alanine by transamination of 
pyruvate.



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

transport of glucose to 
muscles   ( Glucose –Alanine Cycle)



)









• Urea Cycle:

• H2N

C=O

• H2N







For ATP



• N-acetylglutamate brings some conformational 
change in the enzyme which effects the affinity 
of enzyme for ATP.



• NAG is synthesized from acetyl CoA and glutamate by N-
acetylglutamate synthase In 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

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

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





Significances of urea cycle

1. Conversion of Toxic Ammonia  in to Non –Toxic 
urea

2. Source of Arginine and Fumarate

a. Arginine : i. Take part in protein synthesis 

ii. Coverted to 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,which in the cytosole is 
transaminated to asparate and 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 amination of  Ketoglutarate of TCA cycle to form Glutamate in 
brain, so depresses TCA cycle, affecting the cellular respirationespecially the 
brain, which depends on TCA cycle for its energy.

2. Increased NH3 enhances “ Glutamine” formation from Glutamate so 
decreased  Glutamate , so decreased formation of inhibitory 
Neurotransmitter GABA.

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

Glutamine 

( same Transporter)

Tryptophan

Trypto phan

Serotinin



2. Urea 

• Normal value -20-40mg/100ml

- Uraemia –Causes 

a) Pre-Renal      

b) Renal 

c) Post Renal 



Hyperammonaemia

1. Acquired Hyperammonaemia:-

• Cirrhosis of liver 

• Renal failure 

2. Inherited hyperammonaemia :-

• Due to genetic defects in the urea cycle enzymes. 

• The 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. Hyperammoneamia Type I 

• Enzyme deficient : C.P Synthetase I 

• Symptoms of Hyperammoneamia

2. Hyperammoneamia Type II 

INHERITANCE: X-chromosme linked 

• Enzyme deficient : Ornithine Transcarbamyolase

• Symptoms of NH3 Toxicily

• Increased Level of Glutamine ,NH3 and ornithine in blood,urine and CSF. 



3. Citrulinemia:-

Inheritance : Autosomal recessive

• Enzyme deficient : Arginin succinate synthetase

• Hyperammonemia

• Increased level of NH3  and citruline in Blood and CSF

4. Arginino Succinic Aciduria: 

Inheritance : Autosomal recessive

• Enzyme deficient: Arginino succinase

• Hyperammonemia

• Blood and CSF have increased  level of arginino succinate

5. Hyperarginimemia:Enzyme deficient:   Arginase

• Hyperammonemia

• Increased level of Ariginine in Blood  and CSF  

6. Hyperammonemia may occure due to the deficiency of N-acetyl –glutamate 
deficiency 

7. Hyperammonemia may occure due to the deficiency  of Ornithine transporter 



Disorder Deficient Enzyme/ 
protein

Raised Level

1. Deficiency  of                       
N-Acetylglutamate

N-Acetylglutamate
Synthase

Ammonia

2. Hyperammonemia Type – I Carbamoyl Phosphate 
Synthetase – I

Ammonia

3. Hyperammonemia Type – II Ornithine
transcarbamoylase

Ammonia + Orn + Uracil + 
Orotic acid

4. Citrullinemia Argininosuccinate
Synthetase

NH3+ Orn + Uracil + Orotic
acid + Citrulline

5. Argininosuccinic Aciduria Argininosuccinase Or 
Argininosuccinate lyase

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)



• Genetically transmitted (as autosomal recessive

genes) (Except type- 2 i.e OT.Carbm deficeincy

which is X-linked.)

• Clinical features & treatment of all disorders are

similar

• Symptoms and consequences can be minimized

when low protein diet is administered as

frequent small meals to avoid sudden increase in

ammonia level.





Amino Acid Metabolism

3. Transmethylation 

• Methyl group of a methyl donor (e.g. methionine) is transferred to 
other substances (methyl acceptors) ------ catalyzed by methyl 
transferases or trans-methylases (such methyl group is known as “labile 

methyl” group). 

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

be converted to “active methionine” (SAM).

• Methionine condenses with ATP, forming SAM –--- an unusual 

high energy compound as it contains no phosphate.



METHIONINE METABOLISM

(Sulphur containing ,essential, glucogenic)





• Synthesis and degradation of 

S-adenosylmethionine (SAM).

(From methionine)









HOMOCYSTINURIA



















6  Decarboxylation Reactions

• Reactions 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.

• The enzyme require pyridoxal phosphate as 
coenzyme.

• The enzymes removes Co2 from CooH and convert 
the a.acid is corresponding amines.

• R-CH-CooH CO 2 R.CH2 -NH2

• NH2                                  Decarboxylase (Amine)
• B6 -P

• (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) Glutamic Acid                           GABA + CO2





















SEROTININE

















Phenyl ketonuria





















Disorders Associated with Phenyl 
alanine and Tyrosine Metabolism 

• 1- Phenyl ketonuria

• 2- Alkaptonuria

• 3- Tyrosinaemia Type-I

• 4- Tyrosinaemia Type-II

• 5-Neonetal Tyrosinaemia 

• 6-Albinism



Tyrosine Supplementation Improves  

• - Mood, Mental ability and sex Drive 

• -Also helps in suppressing appetite and reducing 
body fats 

• - Good sources are –Any meat or dairy 
products, eggs, almonds and Bananas.













Catecholamine Synthesis





NITRIC OXIDE 





















GLYCINE METABOLISM

(Non-Essential, glucogenic )











Functions of Glutamate

• - Participates in Transamiantion reactions in 
nitrogen disposal 

• Component of Glutathione and FH4

• Most abundant excitatory neurotransmitter in 
the brain 

• Decarboxylated to GABA in neurons





Site of formation

• Principally formed in CN  system in the gray 
matter

• Kidneys 



Function of GABA

• GABA is known to serve as a normal regulator 
of neuronal activity being active as an 
inhibitor (pre-synaptic inhibition0. 

• It is released at the axonterminals of neurons 
in grey matter and acts as inhibitory 
neurotransmitter by enhancing  K+

permeability of postsynaptic membranes.









GABA SHUNT



• GABA shunt is a closed loop process, with the 
dual purpose of producing and conserving the 
supply of GABA.

• GABA is present in high concentration in brain.



GABA SHUNT
GABA on breakdown is converted in to succinic acid, so it is turned
in to energy as it enters in T.C.A cycle.

FAD FADH2

Succinic Acid Fumarate Malate

NAD

NADH+H+

O. Acetate

FADH2 and NADH+H+ will give energy in E.T.C. so by shunting
GABA in T.C.A, there is not totally loss of GABA but it gives energy.



Synthesis of Polyamines



Synthesis of Polyamine



Synthesis of Polyamine



Functions of polyamines 

1. They are growth factors required for the 
growth and proliferation of cells 

2. Spermidine has been claimed to be the best 
marker at tumour cell destruction.



Polyamine Inhibitors 

Are used for :

1. Treatment of cancer cells 

2. Treatment of Trypanosomiasis (Sleeping 
Sickness)

3. As hair growth inhibiting agent (Topical 
applications)





Brach Chain Amino Acids





Maple Syrup Urine Disease 
(Burnt Sugar Smell)









Tryptophan  metabolisim

Tryptophan by kynurenine pathway forms 

• Glucose 

• Fats 

• NAD

• NADP



Tryptophan                     N-Formyl kynurenine

3- Hydroxy kynurenine

transamination kynurinase

P.acid Alanine 3-OH-anthranilate

3- acroleyl-amino fumarate

Quinolic acid                                          2-amino-cis-muconate

semialdehyde

Niacin

NAD, NADP                                               Acetyl CO

tryptophan 

pyrrolase

12

1 2

Glucogenic

NAD,NADP Ketogenic form 
fats





Serotenin : 
Functions: 

1. Vaso contrictor
2. Smooth Muscle Contraction 
3.In Brain  acts as a Neurotransmitter 
Its excess in the Brain stimulates cerebral activities 
Its deficiency  produces Depression. 
After release, serotonin is destroyed by an enzyme MAO 
( Mono Amine Oxidase)
MAO Inhibitors are used to treat the patients of depression 
These drugs prevent the destruction of serotonin by MAO , So 

serotonin is accumulated in the brain.






