METABOLISM OF PROTEINS AND
AMINO ACIDS
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Source9f utilisation of Amino
Acids



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




A 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 NpIoxic
urea

2. Source ofArginineand Fumarate
a. Arginine: 1. Take part in protein synthesis
Il. Covertedto NO, which is a powerful vasodilator

lil. It combines with Glycine and thus take part in
the synthesis otreatine



b. Fumarate I. It is hydrated to malate which is
oxidized tooxaloacetate,whicln the cytosoleis
transaminatedo asparateand reenter the urea
cycle or malate may enter in mitochondria,
oxidized to oxaloacetate in TCA cycle, which cat
be used folgluconeogenesis.



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






Amino Acid Metabolism

3. Transmethylation

A Methyl groupof a methyl donoie.g. methionine)s transferredto
other substances (methyl acceptors)---catalyzed bynethy!
transferase®or transmethylasegsuch methyl group is known ésf | 6 7

Y S (i Kgeotips.

A Methionine cannot directly supply it€H, group but it has first to
be convertedtad | OU A BS YSAMKA Z2Y A Y SE

A Methionine condenses with ATByming SAM--- an unusual
high energy compound asabntains no phosphate



METHIONINE METABOLISM

(Sulphurcontaining ,essentiaglucogenif



METABOLIC ROLE OF METHIONINE

* Methionine is “glucogenic”: Propionyl-CoA the
endproduct is glucogenic.

v Cysteine formation: (see stage 2)

* Lipotropic function: “Active” methionine can donate

~ “methyl group” and can form choline from ethanola-

- mine. Choline s lipotropic and prevents accumulation

" of fat in Liver.

& Polyamine synthesis:'Active’ methionine after decar-
boxylation combines with putrescine to form first
polyamine Spermidine (Refer, biogenic amines).



ASynthesis and degradation of
SadenosylmethioningSAM).
(Frommethionine)



264

20. Amino Acid Degradation and

Methylcob
(Methyl-B, =)

N Methyltetrs

There are two major disposal
pathways for homocysteine.
Conversion to methionine
requires folate and vitamin
B,>-derived coenzymes, and is a
remethylation process. The
formation of cysteine requires
vitamin Bg (pyridoxine), and is

a trar ilfuration pr

Figure 20.8

Degradation and res;nthesls of methionine. [Note: The resynthesis of methionine from homocysteine is the only
reaction in which THF both carries and donates a methyl group. In all other reactions, SAM is the methyl group
carrier and donor.]
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HOMOCYSTINURIA



3. Homocystinuria Type-1 (classical type) |
An inborn error of metabolism, which involves the catabokss '
of methionine or more specifically its metabolic intermediates.

homocysteine/and homocystine. |

Enzyme deficiency: Genetic deficiency of the enzyme cysts-
thionine synthetase. The enzyme defect leads to accumss
lation of homocystine. Plasma level of homocystine increases
and excreted in urine (“overflow” aminoaciduria), 50 to 108
mg or more excreted in urine per day. In some cases, S
adenosyl methionine is also excreted.

Incidence: 1 in 60,000 live births.

Clinical features

* Mental retardation: In children and surviving adults.

+ Some affected individuals, are extraordinarily tall, with lomg
extremities, frequently with flat feet with toes out (Charfie-
Chaplin gait).

- Liver is enlarged (hepatomegaly).

- Skeletal deformities: Involving spine, (vertebrae), ang
thorax, resulting to kyphosis, scoliosis, arachnodactyly. May



—

be premature osteoporosis which also accounts to above
deformities. X-ray spine shows cod fish Vertebrae.

- Ectopia lentis: Curious dislocation of lens of the eye. Not
seen at birth, may show at the age of 2 to 3 years.

- Life-threatening arterial/venous thrombosis.

= Most%f the patients show abnormal EEG.

Urine: Sodium cyanide-nitroprusside test is positive and helps
~in diagnosis.

The classical type of homocystinuria is described above.
In addition to above classical type, two more types of
nomocystinurias have been described.



a. Homocystinuria Type-2
+  Inheritance: Autosomal recessive
+ Enzyme deficiency: N*-methyl-Tetrahydrofolate-

homocysteine methyl transferase.
+ Clinical feature

-~ Mental retardation +
- No ectopia lentis or thrombotic episodes sen.

Blood: Shows increased level of homocysteine.

Urine: Homocysteine is excreted in urine. Nitroprusside test
M. '



b. Homocystinurla Type-3
+  Inheritance: Autosomal recessive.
. Enzyme deficiency: N°, N'%-methylene tetra-

hydrofolate reductase deficiency.
+ Clinical features

- Mental retardation +
- No ectopia lentis or thrombotic episodes

Blood: Shows increase homocysteine.
Urine: Excretion of homocystine, nitroprusside test +ve.

Note: Both type 2 and type 3 show response to folic acid
administration.
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Formation of creatinine

//O
NH — (P NH—C
Y =
HN=C Non-enzymatic I—LN C\ I

N N—CH,—COOH ll\l—CHz
i
CH, CHs

Creatine-(P) Creatinine
Methyl guanido- (Anhydride of creatine)

acetic acid

Characteristics of the above reaction

e Reaction is irreversible
e It is non-enzymatic
e Creatinine has ring structure.

Occurrence and Distribution:

A.

Creatine: It is a normal constituent of the body. 1t is
present in muscle, brain, liver, testes and in blood.
Can occur in free form and also as phosphorylated
form. The phosphorylated form is called as creatine-
PO, or phosphocreatine or Phosphagen. Total amount
in adult human body is approximately 120 gm. 98 per
cent of total amount is present in muscles, of which
80 per cent occurs in phosphorylated form, 1.3 per
cent in nervous system (brain) and 0.5 to 0.7 per cent
in tissues.



Lohmann Reaction

ATP

(Resting muscle)

ATP-creatine transphosphorylase




Myokinase Reaction




6 DecarboxylatiorReactions

A Reactions by which G removed fronCooH
group of an a. acid by enzymBecarboxylase
present in liver , kidneys, brain and also in micro
organism of Intestinal tract.

A The enzyme requirpyridoxalphosphate as
coenzyme.

A The enzymes removes {feom CooHand convert
the a.acidis corresponding amines.

A RCHCooH y CG, R.CH -NH,

A NH2 Decarboxylase  (Amine)
A . -P

A (Amino acid)




Examples are :

()

(i
(iii)
(V)
(v)

Histidine — Histamine s+ CO

5-Hydroxytryptophasa- — -H¥droxytryptamine + CO

Lysine —> Cadavering + CO
Ornithine — Putrescine s+ CO
Tyrosine —> Tyramine,+ CO

(V1) Dihydroxyphenylalanine (DOPAY —> Dopaming + CO

(V1) GlutamicAcid —> GABA ;+ CO




_ Table 27.1: Biogenic amines and their functions

Nos Amino acids

1.

&

10.
s
1%
13.

il

Tyrosine

Tryptophan

Histidine

Serine

Threonine
Cysteine
Aspartic acid

Glutamic acid

3,4,-di-OH-phenylalanine (DOPA)
Cysteic acid

Lysine

Ornithine

Arginine

Amine

+ Tyramine

* Tryptamine

S-methoxy Tryptamine (Melatonin)
Histamine

» Ethanolamine

* Propanol amine

B-mercaptoethanolamine

+ p-alanine

* y-amino butyric acid

(GABA)
Dopamine
Taurine
Cadaverine
Putrescine

* Agmatine

Biologic importance i

Increases blood pressure (Vasoconstriction)
Contracts uterus

Tissue hormone: A derivative 5-OH
Tri/rtamine Serotonin

Vasoconstriction

BP T

Hormone of pineal gland
Vasodilator, Bl. pr |

« HCIT
+ Pepsin T

Forms choline by three methylations
Constituent of Phospholipid like cephalin
Constituent of Vit B,,

Constituent of coenzyme A

- Constituent of pantothenic acid (coenz. A)
* As a constituent of dipeptide carnosine and Anserine

Presynaptic inhibitor in brain.

Forms a bypass in TCA cycle (GABA-shunt)
Precursor of Epinephrine and Nor-epinephrine
Constituent of Bile acid taurocholic acid
Product of Putrefaction in the gut

Product of Putrefaction in the gut

Product of Putrefaction in the gut
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e
ine is formed by decarboxylation of amino acid
idine” by the enzyme Histidine decarboxylase
aromatic L-amino acid decarboxylase in presence
PO,.

Formation

cells are the chief source of histamine in the
and histamine constitutes about 10 per cent of
weight of mast cell granules.

HC N
. [ e
D C NH
|
Be-P CH
. : g
idirn i CH, — NH,
=3 Histamine

Also produced by gastric mucosa cells and histami-
mergic neurones of the central nervous system.

- Basophils are the chief source of histamine in the
circulating cells.



Local Action of Histamine

Upon SC injection of hsistamine, it causes (i) pruritus, ¢
erythema, (ii) circumferential flare and a central raised
(iii) wheal (wheal and flare).

Blockers of Histamine (Antihistaminics)

o Blockers of H, receptors: The anaphylactic reaction
can be minimised by pharmacological agents, e.g.
Promethazine and Mepyramine which block H,

receptors,
o Blockers of H, receptors: ‘Cimetidine’ is used to

reduce the gastric acidity in peptic ulcer patients, itis
blocker of H, receptor.






