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METABOLISM OF PROTEINS AND
AMINO ACIDS
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Sources of blood amino acids Utilisation of amino acids

Tissue amino acids: Tissue Profeins

Plasma proteins formation

Formation of globin of Hb

Formation of Enzyme Proteins

Formation of Protein hormones and Neurotranslefd
Proteins of Milk

Other nitrogenous substances, &.g. Choline, Croalin
Purines and Pyrimidine bases

8. Formation of glucose (Glucogenic amino acids)

9. Formation of Biogenic amines and Polyamines

10, Ketone body formation (Ketogenic-amino acids 40%)
11, Energy production: Oxidation

12. NHy and urea formation

. Dietary Proteins (absorption of
amino acids from intestine)

2. Tissue breakdown

~ O N & W N —

30-50 mg¥%

"Amino acid

3. Synthesis of amino acids in Liver mainly pool
(Except essential amino acids)

Fig, 27,1 Sources and utilisation of amino acids



CONSEQUENCES OF DIET LOW IN PRC

Deficiency of essential a.acid

Break down of Tissue Protein.

Protein deficiencgk 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 UbiQuitinProteasome

system of Cytosole.

2. ATP independent degradative Enzyme

system of Lysosome.
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UbiquitinrProteosomdviechanism

A -Ubiquiting
Small globular non enzymatic Protein
A -Proteosome

A Large barreshaped macromolecul@roteolytic
complex

A -UbiQuitination Occureby peptide linkage of
carboxylegroup of CTerminalGlycineof UB to
amino group of lysine in the protein substrate.

A It is ATP dependant Process.



UbiquitinrProteosomdviechanism

A -Ubiquiting
Small globular non enzymatic Protein
A -Proteosome

A Large barreshaped macromolecul@roteolytic
complex

A -UbiQuitination Occureby peptide linkage of
carboxylegroup of CTerminalGlycineof UB to
amino group of lysine in the protein substrate.

A It is ATP dependant Process.



Half Life of Proteins

A -Extra cellular proteim.gdigestive enzymes
and plasma protein = hours or a few days

A -Intra cellular protein®.gcollagen = Months
or Years

A -Also influence by amino terminal residaay
serine = More than 20 hours.

A 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. Transamination

Deamination
Transmethylation
Deamidation
Transpeptidation
Decarboxylation &
Interconversion of amino acid

N O O s DN



1. Transamination



Figure 19.7

Aminotransferase reaction using
a-ketoglutarate as the amino-
group acceptor.




Figure 19.8

Reactions catalyz=ed during amino

acid catabolism. A. Alanine armino-
Aspariarte

ftransferase (AL T). B.
arminotramnsferase (AST).




____—_.__———_-_

Figure 19.9
clic interconversion of pyridoxal
phosphate during the asparialte
ZIrminotransferase reaction.
Note:- (P& Shosphate group-|




A All amino acids with exception of lysine and
threonine lose their amino group by
transamination.

A These 2 amino acids lose their amino groups
by deamination.



Diagnostic value of Plasma amino
Transferases

A Normally Intracellular enzymes

A Elevated level indicates damage to the ce
rich in these enzymes.

AAST OR SGOT
AALT OR SGP




A (a) Liver diseases. Both elevated
A Also have prognostic value

A (b) Nonhepatic diseases e.g M.l , Muscle
disorders.



2.OxidativeDeamination



re 1912
Combined actions of amiinotransferase
and glutamate dehydrogenase reactions.




Transport of ammonia to the

liver
-Two mechanisms

1. Combination of ammonia with glutamate
to form nontoxic glutamine

2.Formation ofalanineby transaminationof
pyruvate



The transport oflanine
from muscle to liver
results in a reciprocal
transport of glucose to
muscles ( Glucos®#lanineCycle)
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SOURCES OF Ammonia

1. From Amino acid .

oxidative Deamination
s Quantitatively the most important source
2. From Glutamine

Glutamine

H. O
Glutaminase - MNH4

Glutamate

L

» Imp in acid-base balance
3. By Bacterial degradation of urea in intestine.
4, From Amines by the action of Amine oxidase

s Amines obtained from the diet and Mono amines that serve as
Meurotransmitters or hormones

5. From Amino groups attached to the purine and purimidine rings.
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A Urea Cycle:

AH2N ~_

AHZN/C:O



. MITIITTIO AGCIUS. WJiIopOoal OF INILTQC

=

Tissues in addition to the liver use
this pathway to make arginine.

B Ornithine is r.g.noratod
and transported into the
mitochondrion.

Citrulline is transported —o_",_o

out of the mitochondrion. ('3:
Carba 1
phos

a The amino group of aspartate
provldo. one of the
n atoms of urea.

- Carbon dioxide provides
the carbon atom of urea.

g Free ammonia provides
one of the nitrogen
atoms of urea.

a-Ketoglutarate

3 The enzyme has an absolut
requirement for N-acetyil-

glutamate, which acts

as an allosteric activator.

Fumarate is hydrated to
malate, which is oxidized

to oxaloacetate, which is

transaminated to aspartate.

Figure 19.14
Reactions of the urea cycle.






- C. Regulation of the urea cycle

N-Acetylglutamate (NAG) is an essential activator for CPS /, the
rate-imiting step in the urea cycle. It increases the affinity of CPS

For ATP



A N-acetylglutamatebrings some conformational
change In the enzyme which effects the affinity
of enzyme for ATP.



A NAG is synthesized from aceGoAand glutamate by N
acetylglutamatesynthaseln a reaction for whiclarginine
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 gand NH by
bacterialurease

A ThisNHis partly lost in faces and is partly
reabsorbed in to the blood.

A In renal failure, plasma urea level is elevated,
SO more urea In gut, so more formation of NH
causinghyperammonian these patients.







Significances of urea cycle

1. Conversion of Toxic Ammonia in to Nploxic urea
2. Source ofArginineand Fumarate

a. Arginine: I. Take part in protein synthesis

Il. Covertedto NO, which is a powerful vasodilator

b. Fumaratel. It is hydrated tanalatewhich is oxidized to
oxaloacetate,whicln the cytosoleis transaminatedo
asparateand reenter the urea cycle onalatemay
enter in mitochondria, oxidized toxaloacetatan TCA
cycle, which can be used fgluconeogenesis



Why NH Is Toxic

2.

NH enhancesaminationof Ketoglutarateof TCA cycle to form Glutamate in
brain, so depresses TCA cycle, affecting the celledgmrationespeciallyhe
brain, which depends on TCA cycle for its energy.

Increased NESY Ky OSa & Df dzil YAYSE F2NY
decreased Glutamate , so decreased formation of inhibitory
Neurotransmitter GABA.

Increased Glutamine enhances out flow of Glutamine from Brain cell

Glutamine
( same Transporter)
Tryptophan

Tryptophan

T Serotinin

(@b



2. Urea

A Normal value20-40mg/100m!
- UraemiacCauses

a) PreRenal

b) Renal

c) Post Renal



Hyperammonaemia

1.Acquired Hyperammonaemia:

A Cirrhosis of liver

A Renal failure

2. Inherited hyperammonaemia :

A Due to genetic defects in the urea cycle enzymes.
A The symptoms of NHNTOXICATION INCLUDE

A peculiar flapping Tremor

Slurring of speech

Bluring of vision

Coma and death in severe case



Inherited Disorders Associated with urea cycle

1. Hyperammoneamidype |

A Enzyme deficient : C®/nthetasd

A Symptoms oHyperammoneamia

2. Hyperammoneamidype Il

INHERITANCECKromosmdinked

A Enzyme deficientOrnithine Transcarbamyolase

A Symptoms of NHToxicily

A Increased Level of Glutamine ,)N&hd ornithine in blood,urineand CSF.



3. Citrulinemia-

Inheritance Autosomalrecessive

A Enzyme deficientArgininsuccinatesynthetase

A Hyperammonemia

A Increased level of NHandcitrulinein Blood and CSF
4. ArgininoSuccinidAciduria

Inheritance ‘Autosomalrecessive

A Enzyme deficientArgininosuccinase

A Hyperammonemia

A Blood and CSF have increased levergihinosuccinate
5. Hyperarginimemia:Enzyndeficient. Arginase

A Hyperammonemia

A Increased level oArigininein Blood and CSF

6. Hyperammonemiamayoccuredue to the deficiency of fcetylcglutamate
deficiency

7. Hyperammonemianayoccuredue to the deficiency ddrnithinetransporter



Disorder DeficientEnzyme/ Raised Level
protein

1. Deficiency of
N-Acetylglutamate

2. Hyperammonemidypec |
3. Hyperammonemidypec Il
4. Citrullinemia

5. Argininosuccinié@ciduria

6. Argininemia

7. HHH Syndrome

N-Acetylglutamate Ammonia

Synthase

CarbamoyPhosphate = Ammonia

Synthetase |

Ornithine Ammonia +Orn+ Uracil +
transcarbamoylase Oroticacid
Argininosuccinate NH,+ Orn+ Uracil 4Orotic
Synthetase acid +Citrulline

Argininosuccinaser NH,+ Orn+ U + OA €it +
Argininosuccinatéyase Argininosuccinate

Arginase NH,+ Orn+ U + OA €it+
Argininosuccinate-Arg

Ornithine transporter ~ Ammonia,Ornithine

(Responsible for transport Homocitrulline

f ithine f t 't (Homocirtullinuria)
AT IS UM T EALOIIOI e (When ornithine is not available in

mitochondrig mitochondrion ,theCarbamoyl
Phosphate condenses with lysine tc

S P T | LR, ¥



A Geneticallytransmitted (as autosomalrecessive

genes)(Excepttype- 2 I.e OTCarbmdeficeincy
whichis X-linked)

A Clinicalfeatures & treatment of all disordersare

similar

A Symptomsand consequencegan be minimized

when low protein diet Is administered as

frequentsmal

ammonialevel

mealsto avoidsuddenincreasan



Aromatic Amino Acids

1. Phenyl alanine

2. Tyrosine



A deficiency in dihydropteridine reductase or any of the enzymes of BH, synthesis leads to
hyperphenylalaninemia, and decreased synthesis of catecholamines and serotonin.

Figure 20.16
Biosynthetic reactions involving amino acids and tetrahydrobiop erin.




Phenyl alanine

- Essentiabminoacid

- Glucogeni@and Ketogenic



Tyrosine synthesis

A deficiency in dihydropteridine rec
hyperphenylalaninemia, and decrea




Phenylketonuria



Norrayaa |l

Figure 20_17
FPathwvways of phenvialanine metab-
olisrm inmn Nmnormrmeal individuals anmd im
Patients withh phenviketonuria.
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Classcal type of phenyl ketonuria (PKU)
Persistent hyperphenylalaninaemi
Tt i hpephedarien

Dihydropterdine reductase deficiency
Abnormal dihydrobiopterin funcion
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Phenyl lanie hydroylaseenzyme bsent ~ Low phenyl e dit
Decesed Pheny alain hycroyls enzyne - None bt temporary ietary
Matuwraionaldelay ofphenyl alanie ycrory- e s Typel

las enzyme

Defcent or aboent yoptiive e~ Dopa, 5OH typtophan, cu
Dihydrobioptern syt defet ~—~~~ Sameas TypelV
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Phenyl acetic acid is conjugated with
glutamine and excreted as phenyl acetyl
glutamine in urine responsible for n Mousy

o d o wfrumne.



Tyrosine

Non essentialamino acid as it can be formed from

Phenylalanine

Degradedto produce end product as Fumarateand

acetoacetate

Glucogeni@and Kelogenic



Tyrosine synthesis

A deficiency in dihydropteridine rec
hyperphenylalaninemia, and decrea




Metabolic role of
Tyrosine

A Synthesis of Catecholamines.
A Melanin

A Thyroid Hormones

A Tissue Proteins

A Fumarate and Acetoacetate.
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Figure 20_17
FPathwvways of phenvialanine metab-
olisrm inmn Nmnormrmeal individuals anmd im
Patients withh phenviketonuria.
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