METABOLISM OF PROTEINS AND
AMINO ACIDS
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Sources of 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 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.
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Ubiquitin-Proteosome Mechanism

e -Ubiquitin —
Small globular non enzymatic Protein
* -Proteosome

* Large barrel-shaped macromolecule, proteolytic
complex

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

* |tis 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 :

Trans-amination
Deamination
Trans-methylation
Deamidation
Trans-peptidation
Decarboxylation &

N o A WD

Interconversion of amino acids.



1. Trans-amination



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-|




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



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

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



2.0xidative Deamination



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 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)
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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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* Urea Cycle:

e H2N ™~

N/C=O
e H2



. 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-limiting step in the urea cycle. It increases the affinity of CPS

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 co, and NH,; by
bacterial urease

* ThisNH; is partly lost in faces and is partly
reabsorbed in to the blood.

* Inrenal failure, plasma urea level is elevated,
SO more urea in gut, so more formation of NH,
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 NH; is Toxic

1.| NH; 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 NH; 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

T Serotinin




2. Urea

* Normal value -20-40mg/100m|
- Uraemia —Causes

a) Pre-Renal

b) Renal

c) Post Renal



Hyperammonaemia

1. Acquired Hyperammonaemia:-

2.

Cirrhosis of liver

Renal failure

Inherited hyperammonaemia :-
Due to genetic defects in the urea cycle enzymes.
The symptoms of NH; 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 |

. Enzyme deficient : C.P Synthetase |

. Symptoms of Hyperammoneamia

2. Hyperammoneamia Type Il

INHERITANCE: X-chromosme linked

. Enzyme deficient : Ornithine Transcarbamyolase

. Symptoms of NH; Toxicily

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



3. Citrulinemia:-

Inheritance : Autosomal recessive

. Enzyme deficient : Arginin succinate synthetase

. Hyperammonemia

* Increased level of NH; 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/ Raised Level
protein

1. Deficiency of
N-Acetylglutamate

2. Hyperammonemia Type — |
3. Hyperammonemia Type — Il
4. Citrullinemia

5. Argininosuccinic Aciduria

6. Argininemia

7. HHH Syndrome

N-Acetylglutamate
Synthase

Carbamoyl Phosphate
Synthetase — |

Ornithine
transcarbamoylase

Argininosuccinate
Synthetase

Argininosuccinase Or
Argininosuccinate lyase

Arginase

Ornithine transporter

(Responsible for transport
of ornithine from cytosol to

mitochondria)

Ammonia
Ammonia

Ammonia + Orn + Uracil +
Orotic acid

NH;+ Orn + Uracil + Orotic
acid + Citrulline

NH;+ Orn + U + OA + Cit +
Argininosuccinate

NH;+ Orn + U + OA + Cit +
Argininosuccinate +Arg

Ammonia, Ornithine
Homocitrulline
(Homocirtullinuria)

(When ornithine is not available in
mitochondrion ,the Carbamoyl
Phosphate condenses with lysine to

VN T | L



e Genetically transmitted (as autosomal recessive

genes) (Except type- 2 i.e OT.Carbm deficeincy
which is X-linked.)

e Clinical features & treatment of all disorders are

similar

 Symptoms and consequences can be minimized

when low protein diet is administered as

frequent smal

ammonia level.

meals to avoid sudden increase in






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 -CH; 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)



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).



* Synthesis and degradation of
S-adenosylmethionine (SAM).
(From methionine)



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 Decarboxylation Reactions

Reactions by which Co, 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 Co, from CooH and convert
the a.acid is corresponding amines.

R-CH-CooH €O, R.CH, -NH,

NH2 Decarboxylase (Amine)
B, -P

(Amino acid)



Examples are :-

(i) Histidine — Histamine + CO,

(ii) 5-Hydroxytryptophan=— — 5-Hydroxytryptamine + CO,
(iii) Lysine —» Cadaverine + CO,

(iv) Ornithine —> Putrescine + CO,

(v) Tyrosine —> Tyramine + CO,

(V1) Dihydroxy-phenylalanine (DOPA) —> Dopamine + CO,

(VIl) Glutamic Acid —> 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.



(&

Actions through H; Actions through H,
receptors receptors

. Contracts smooth muscle ° Produces bronchodilatic
including airways and | »

the Gl tract . | |
e Increases venular perme- . lncreases vasoperm cability
ability and dilation |
e Induces nasal mucus ¢ Induces airway mucus
production productlon

» Causes pruritus, wuth o Also causes pruntus ‘
cutaneous vasodilation ~ with H, receptor, stimulate
~ gastric acid secretion.

~ HCI T and pepsin T



Elevated lsma levels of histamine have been demonstrated
in:

 APPLIED CLINICAL ASPECT _

Patients with anaphylaxis, provoked by exercise or antigen.
Such reactions are related to the explosive liberation of
histamine caused by entrance of the sensitizing substances
in the tissues.

During spontaneous episodes of increased symptoms in
patients with “mastocytosis”, mast cells tumor.

During experimentally induced angio-oedema in patients
with cold urticaria.

In patients with antigen-induced bronchial asthma.

Also formed in injured tissues. Excessive liberation of
histamine may be related to traumatic shock.

Histamine markedly depresses blood pressure l and large
doses may cause extreme vascular collapse.

After challenge by specific antigens in patients with “atopy”.
histamine demonstrated in nasal lavage fluid and skin
blister fluid.

Local Action of Histamine: Upon SC injection of hista-
mine, it causes ® pruritus, ® erythema, * circumferential
flare and a central raised ® wheal (“wheal and flare”).
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CLINICAL ASPECT

Vit By deficiency in children may be responsible for some
the cases of infantile convulsions. B-deficiency causes le

formation of GABA leading to neuronal hyperexcitabilty and
convulsions. i



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.




SEROTININE

Serotonin synthesis



Formation of Serotonin

A .
L-Tryptophan —2—————0 5-OH-tryptophan
Hydroxylase \

NADPH
B;-PO,| CO,

5-OH-tryptophan
decarboxylase |
5-OH-Tryptamine
5-(HT) Serotonin
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Effects of Serotonin on Brain

Serotonin does not pass blood-brain barrier to any
significant amount. For action it has to be produced
locally from the amino acid.
* Excess of serotonin in brain tissues produces
stimulation of cerebral activity (excitation).

* Deficiency of serotonin produces depressant effect.

Catabolism of Serotonin: The enzyme which catalyses
the conversion of serotoninto5-HIA A (5-OH-Indole acetic
acid) is called Monoamine oxidase (MAO). 5-HIAA is
excreted inurine, Normal adultsexcrete about7mg HIAA

1



Effects of drugs on enzyme MAO
* Drugs which inhibit the enzyme, e.g. iproniazide,
will prolong serotonin action on the brain and

produce a psychic stimulation due to increased
cerebral activity.

* Serotonin of the brain is in a bound form. Drugs
like reserpine, a common anti-hypertensive drug,
acts by releasing the serotonin from its bound form
and thus making it readily available to MAO

action. Hence reserpine produces a depression of
cerebral activity.




CLINICAL ASPECT: CARCINOIDS

A malignant tumor of serotonin producing cells is called
carcinoids (or argentaffinoma) and the clinical features
associated with is called as carcinoid syndrome.

Clinical Features: Symptoms are mainly due to presence of
excessive amount of serotonin produced by malignant cells.
Normal persons utilise 1 per cent of tryptophan in sero-

tonin production; Iin this condition 60 per cent of
tryptophan is metabolised by serotonin pathway.
Consequently symptoms of Pellagra as well as negative N,
balance can occur.



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




Phenyl ketonuria






Tyrosine synthesis

A deficiency in dihydropteridine rec
hyperphenylalaninemia, and decrea
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@ Catecholamines

® Phenol & p-cresol

@® Thyroid hormones @ Tyramine p-OH-phenyl L A
\
Phenylalanine \ I T . I +2H
hydroxylase ransaminase
Phenyl alanine > Tyrosine - . Dh w hz-no:-il;A b
(1) "“ Fe, F.H4 BB-P’I/ it P y »
% 02, NADPH 'o" (2)
Trans- i 7 p-OH-phenyl
amnihise “ ",' ommmmemmnaas g acetic acld
BeP (6) @ Tyrosine-0-sO, " (3)VitC, Cu, B,, | Hydroxylase (oxidase) |
“\‘ o 'o" .," v
Phenyl P.A ‘-\Melamn \‘-. : Homogentisic acid
Cco, X Fe™"
+2H 40 — SH gr. | Homogentisate oxidase 1
+0O o (4) Vit q___?
Phenyl L.A Phenyl acetic acid \\‘ o - Maleyl-Aceto-acetate
+ Glutamine '-= ',:"' G-SH l I Isomerase I
Phenyl acetyl glutamine ,".
(urine-mousy odour) ',-'

Inherited disorders
e Phenyl ketonuria

e
® Tyrosinaemia - Type-Il [SSUCoall N Lottt -
e Neonatal Tyrosinaemia Fumarate
® Alkaptonuria (Glucogenic)
e Tyrosinaemia - Type-|
® Albinism

FIG. 27.9: FLOW CHART OF METABOLIC FATE AND METABOLIC ROLE OF PHENYLALANINE AND TYROSINE

Fumaryl Aceto-acetate

. Hydrolase I

® Aceto-acetate (ketogenic)

s

Acetyl CoA

Acetate



Disorders Associated with Phenyl
alanine and Tyrosine Metabolism

1- Phenyl ketonuria

2- Alkaptonuria

3- Tyrosinaemia Type-|
4- Tyrosinaemia Type-l|
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.



S o S i

T

22z vwmuu M'ﬁnovws &

Cubcocical epithelial
cells
“TRRreid Calis

Colloid
L awanona

Red blood cells

Microscopic appearance of the thyroid gland. shoswing
thyroglobulin into the trollicles,

T

scorction of’

860 UNIT XIV Endocrinology and Reproduction

Iz + HO —Q—CHZ—CHNHQ—COOH SSasaso

Tyrosine
I

HO _—Q—CH:——CHNHg——— cCOOH +

| ' Monoiodotyrosine
1

HO —@——CHQ—CHNHz——CQOH

! Diiodotyrosine
Monoiodotyrosine + Diiodotyrosine

I I
o —@— O——@—CHZ—CHNHQ—COOH

3,5,3-Triiodothyronine
D ' E
= ucdotyrosnne “+ D iodotyrosine \Q\\
Criz—CHNFi, COOH .

= _Q_ Q 2 b~ AN
g SN

% Thyroxine

Chaemistry of thyroxine zird ll'f;luhrlll_\l(!llﬂilll.‘ Tormmation.,



G.Qu\'a-«'c Acid +
NTE .!vw
. PV l
A *‘o ng"
~N- - PR TO Cwateme
~< LG'\ X
ﬁ“?& o Rvone sgaw‘vnz)
—— éoj‘ow‘\ _ custemd D



N

|

—
—

2 ad G\u*o:“\\'omg \:.,
e - e -< wnd DQV\S ‘P‘nﬁi“ s O \S

A s
e
Daws Gwo\er—

| v 73 Pay Aercad

T e Amt

Axrvon

&\-S-5-6 2 A0
Qx‘écg«f\ ﬂ

\\dia Wsone

?:-cox‘\&sz

2 G -sH S S
(RedircedD

X issues
\\O.W%& o W ;

&\u*a (Gvone »
- ‘\V\Q\l&\: >

Cé&a.ﬂwoy;g
/ QQ“W .

. B
Ca\a> f,'—?“ o &:’Q‘u

arce Quwreclsr Y SAFome

G lutalhione - \\5:5“\.
Tecaane \"’Q"'“Q“‘«

ey avumqﬁée\qdo - (’-1' H
55 3 ikt *xiQavon .




- &H—Sn 15 Ramivest a —~—— Ow -
‘v: P -7 -‘—\'am '“‘\Q\Wov\\‘-n? B 9

s Me\hvownine

: T ek a o ?v\m

~ Cm-S0 s Aoy
Vs C A No —ox U AT e =v aXew A".V‘“.""d
=D o & Ca - HRONEES-
> = e - "
o w— Qaé v Cﬂ-\‘ P QP@(L va lm“‘rﬂitdfd‘o’
- — O; 5 R202 —y O H- e 2o
e~ audvoxad | )

oxny N
\S -oxid A“mﬂ\‘ "“ —— Qevoxide
aﬁe‘\r\i s

_ \[0:25\ OVUs S\ T CQ\\\&av ﬁ.a&cncuas

qu—w\-\ O%N : Qante 'b A @

— N \. l Avasw — <=
- \A{:CO‘G'QQ‘-Q = @ - CawsStene .
i ~NATSeW e G\\Q*Q\“\§ one
- CaXalasa = Su‘:c-r oxide Aisw wWase

- Gl\ut¥alhvone Rervoxidaso .



Sez e

~Nown e—sso-n"‘ \'GD, “‘aA"""j Q- SReK .

“TsSuve Cso\oom e

W'Q“Q‘V\e
Custene &> C st e

B s N

‘L ‘Nnvva\\cih e = ‘WQ‘V\ oQaw&'\ne
*"'MO l e o CThvee)

AT ki ETRamn dawm ma 2 e S -

\ Cho“fn .
J Ce &"\Qg N %Y
< én os'\v\a"t-iéap - & Whawn o&a‘\m ;“5

G B ]
B 77

. Lo
/@ﬁo’ﬁ ﬂvo«r oT Semme ™ D i?""“
= #-»

/5 = o‘f’“"f& EV a@fhas‘fhozaw& Y

afr e €7 < .

aoc S ve S jop e frve ftm s




Catecholamine Synthesis






NITRIC OXIDE



ROLE OF NITRIC OXIDE

Nitric oxide (NO) is formed in the body from amino acid
arginine

[t is a wonder molecule having diverse biological
functions like PGs. Endothelium derived relaxing factor
(EDRF) which produces vasodilatation is now proved to
be nitric oxide.

Formation of NO

Arginine is acted upon by an enzyme called nitrogen
oxide synthase, a cytosolic enzyme and converts arginine
to citrulline and nitric oxide (NO).




Arginine

* NADPH
« FAD

« FMN

« Haem

o FH4
Citrulline and Nitric Oxlde (NO)




Duration of action of NO: Nitric oxide formed in the
isues has a very short haltife, approximately 3 to 4
seconds because it reacts with oxygen and superovide
The product of the reaction with superoxide is
Peroynitite (ONOO), which decomposes to form the
nighly reactive OH radical




Functions of Nitric Oxide

It acts as a vasodilator and causes relaxation of smooth
muscles.

It has important role in the regulation of blood flow and
maintaining blood pressure.

it is involved in penile erection.

Acts as a neurotransmitter in the brain and peripheral
autonomic nervous system.

May have also role in relaxation of skeletal muscles.

= Inhibits adhesion, activation and aggregation of platelets.

May constitute part of a primitive immune system and may
mediate bactericidal actions of macrophages.

Low level of nitric oxide may be involved in causation of
pylorospasm of infantile hypertrophic pyloric stenosis.



CLINICAL ASPECT

Nitroglycerine: The important coronary artery vasodilator
used in Angina Pectoris acts to increase intracellular release
of EDRF (now proved to be NO) and cGMPT.

in septic shock: Bacterial lipopolysaccharide present in
blood causes uncontrolled production of NO leading to
oeiatation of blood vessels and lowering of BFP.

In eclampsia and pre-eclampsia: The hypertension is due
0 decreased production of nitric oxide (NO) due to probably
Sormation of ADMA (asymmetric dimethyl arginine).

ron supplements: Iron supplements can dramatically
reduce dry cough symptoms in heart patients. Cardiac
 patients using ACE inhibitors, widely prescribed for
hypertension, heart failure and other cardiac conditions

often suffer from a dry cough. It is the biggest reason
for people ‘stopping taking their medication. Iron
supplements act by decreasing the production of Nitric
oxide, which is linked to inflammation of the bronchial cells
in the lungs.



Metabolism of Cysting



B. Metabolic Role of Cysteine

* Glucogenic: Cysteine s catabolised to Pyruvic acid
which is glucogenic.

* Formation of glutathione: Cysteine is required for
synthesis of glutathione. G-SH i the reduced form,
active group is SH group. G-5-5-G is the oxidised
form.

% Formation of taurine: Cysteine is utilised in the
formation of ‘taurine’, which combines with cholic
acid (obtained from degradation of cholesterol in
Liver,) to form Bile acid ’taugocholic acid’. l
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el ANHERITED DISORDERS OF
<~ S-CONTAINING AMINO ACIDS

1. Cystinuria

An inherited disorder of cystine metabolism. Excretion of cystine
in urine increases 20 to 30 times of normal. Also there occurs
increased excretion of diabasic amino acids - lysine, - arginine
and - ornithine (specific diabasic aminoaciduria).

Defect: Il is considered to be due to a renal transport defect in
that reabsorption of the above four amino acids do not occur,
a single reabsorpitive site is involved.

Complications: Cystine is relatively insoluble amino acid,
which may precipitate in renal tubules, ureters and bladder to
form cystine calculi. Cystine stones account for 1 to 2 per
cent of all urinary tract calculi. It forms a major complication of
the disease. A mixed disulphide consisting of L-cysteine and
L-homocysteine has been found in urine. This is more soluble
and thus reduces the tendency to formation of cystine crystals/
and calculi.

Diagnosis

. Orine examination: Detection of hexagonal, flat crystals
inurinary deposit in a patient who is not taking sulpha drugs
is pathognomonic.

- Cyanide-nitroprusside test (Lewis): It is a simple and
valuable test. Urine sample is made alkaline with ammo-
Nnium hydroxide and then sodium cyanide is added and mixed.
Sodium cyanide reduces cystine, if any present, to cysteine.
Cysteine forms magenta-red colfowur, whHhen sodium



Cystinuria is a disorder of thhe

pProximal tubule's reabsorption of
filtered cystine and dibasic amino
acids (ormithhine, arginine, lysinmne).

T he inabilily to reabsorb
| cystine leads 1o accumulation
| anmnd subhseqguent pr.c‘pitatlon
] ©of stomnes OoOf cystTine in The
A LTarinmnary tvracto

Figure 19.6

Genetic defect seen in cystinuria.
[Note:- stinuriaa is distinct from
cystinosis, a rare defect in the
transport of cystine out of lyso-
somes that results in the forrmation
of cystine crystals within the
lysosome and tissue adamage .|



GLYCINE METABOLISM

(Non-Essential, glucogenic )



* Oxalic acid * Formate (one carbon pool)

LA = PA *PA
T  §
* Gl
Methyl glyoxal Serine Hioeve
4 » Tissue protein synthesis
* Amino acetone * Glutathione
* Creatine
o M
Glycine \: * Heme
* Purines (C4, C5and Ny)
. ; Glycine L o
* Stimulation of . clgavage * Hippuric acid (detoxication)
gluconeogenesis
* Glycocholic acid (bile acid)

* Glucose and glycogen

v
N%, N'%-methyl + CO, + | NH;3 k= ,
lene-FH, \ — Formation of other amino acids

Glutamine

FIG. 27.13: FLOW CHART OF GLYCINE, SHOWING METABOLIC FATE AND METABOLIC ROLE



——

Figure 20.6

A. Interconversion of serine and

glycme and oxidation of glycine.

Dehydration of serine to form
yruvate. PLP = pyridoxal phosphate.
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Functions of Glutamate

- Participates in Transamiantion reactions in
nitrogen disposal

Component of Glutathione and FH,

Most abundant excitatory neurotransmitter in
the brain

Decarboxylated to GABA in neurons



5. Y-aminobutyric Acid (GABA) formation:
Decarboxylation of glutamic acid produces y-amino-
butyric acid (GABA).

* Reaction is irreversible

e glutamate o-decarboxylase is the enzyme which'
catalyses the reaction.

It requires B4-PO, as coenzyme and Mg** as cofactor.

COOH
CH, Mg** CHy
Be-PO,
CH, S . =% CH,
| Glutamate-a-de-carboxylase | it
COOH COOH :

Glutamic acid y-aminobutyric acid

Site of formation



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 inhibitionO.

* |tis released at the axonterminals of neurons
in grey matter and acts as inhibitory
neurotransmitter by enhancing K*
permeability of postsynaptic membranes.



CLINICAL ASPECT

Vit By deficiency in children may be responsible for some
the cases of infantile convulsions. B-deficiency causes le

formation of GABA leading to neuronal hyperexcitabilty and
convulsions. i



Metabolism of GABA
1

GABA is metabolised by deamination to form
semialdehyde. The deamination is accomplished &
a Pyridoxal-P dependant enzyme and the N&
removed is transaminated to o-ketoglutarate f
more glutamate.

CH,.NH, /H20 CHO

CH, Deamination 3 CH,
P

CH, Bg-P CH,

COOH [NH;) COOH

GABA Succinic semialdehyde



H + H*
?Hz NAD /[ MAE COOH

COOH Succinic acid

Succinic semialdehyde

?H,ou

CH,

CH,

COOH
v-OH-butyrate




GABA SHUNT

GABA Shunt

Succinate <

4

Dehydrogenase

Succinic semialdehyde < GAEA
G,
NH, _

i/> NADH + H'
\_—NAD‘

Deamination

Succinyl-CoA +

u-ketoglutarate

(A’

(NHy]

Decarboxylase v
< '/ Glutamate
co,

— o -

GABA by its conversion to succinic acid can form a “by-
pass” in TCA cycle and this is called as 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 x/Fumarate —Malate

NAD
<i:NADH+H+
O. Acetate

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




Synthesis of Polyamines



Synthesis of Polyamine

% Polyamines

Tvpes of Polyamines are:
- * Spermidine

* Spermine

Ornithine in addition to its role in urea cycle, serves
s the precursor of ubiquitous mammalian and bacterial
polvamines, spermidine and spermine. It requires “active’
methionine. Normal human can synthesise approx 0.5 n
mol of spermine/ day.




Synthesis of Polyamine

494 Metabolism

L-methionine

LHITENIOH e
L-ornithine
S-adenosy) methionine Ornithine
(‘Active’ methionine) COy decarboxylase
Bg-POy4
Bg-PO,
CO, D
(+)
S-Adenosyl methionine — Putrescine
decarboxylase
A A Decarboxylated =
. T S-Adenosyl methionine rSpermldlne synthase ]
8 @
l:) 5 Methyl thioadenosine

*~ Decarboxylated [ Spermine synthaseJ
S-Adenosyl methionine
Methyl thioadenosine

Fig. 27.6: Showing 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)
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Brach Chain Amino Acids




O xicdative decarboxylationmn of bhbramc
chainmn amino acids is deficient in m-pl-
syrup urine disease.

Figure 20.1710

Degradation of leucine, valine,

aAam isoleucine. TFRPPFP — thiamine
Pyrophosphate . [Note: I-Afet/lfryv/7i—-
crotory/ A carboxylase is one of
four biotin-requiiring carboxylases
we have encountered. T he othher
three are pyruvate carboxylase,
Scely !l CoA c=rbo %’ase. [=1gl=
pPropicony ! CoA c= xylasaell



Maple Syrup Urine Disease
(Burnt Sugar Smell)



1. Maple Syrup Urine Disease
An inhented disorder of branched chain amino acids.

Enzyme defect: Absence of a-ketoacid decarboxylase o
greally reduced activity of the enzyme. As a result #
conversion of all three branched chain a-ketoacids to CO, an
acyl CoA-thioesters is interferred with,

Clinical features: The disease is evident by the end of firg
weef( of extrauterine life. Infant does not take feed and ma
vomit, poor muscle tone. The patient may exhibit lethargy ane
|

Isive seizures. Extensive brain damage can occur in
ina children and mental retardation. Without treatment,

usually occurs by the end of the first year of life.



l1.011: Plasma levels of the branched chain amino acids
leucine, isoleucine, valine and their corresponding o-ketoacids

e greatly elevated.

m ARk
Wrine: Branched chain amino acids leucine, isoleucine, valine

M their corresponding o-ketoacids are excreted. Hence it s
w0 called as Branched-chain ketonuria. Small amounts of
}f .chain o-OH-acids, formed by reduction of o-keto-

are also excreted in urine. The urine has characteristic
ence the name.

“which resembles that of maple syrup or burnt sugar,
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Points to remember

e Itisan essential amino acid. Omission of tryptophan
in diet of man and animals is followed by tissue
wasting and negative nitrogen balance.

e It is both glucogenic and ketogenic.

» Tryptophan can synthesize niacin (nicotinic acid), a
vitamin of B-complex group.

e It is a hetero cyclic amino acid and chemically it is
“a-amino-P-3-indole propionic acid”. It is the only
amino acid with an indole ring.

Structure is shown below:

CHz---(l)H--‘COOH
e NHy




Tryptophan metabolisim

Tryptophan by kynurenine pathway forms
e Glucose

* Fats
 NAD
 NADP




tryptophan
Tryptophan PYrrolase N-Formyl kynurenine

l

3- Hydroxy kynurenine

transamination ) i@ kynurinase
% Pacid<— Alanine»/ 3-0Hl-anthranilate

3- acroleyl-amino fumarate

Quinolic aci/ 2-amino-cis-muconate

semialdehyde
Niacin

@)
NAD,NADP Ketogenic form
fats




Formation of Serotonin

A .
L-Tryptophan —2—————0 5-OH-tryptophan
Hydroxylase \

NADPH
B;-PO,| CO,

5-OH-tryptophan
decarboxylase |
5-OH-Tryptamine
5-(HT) Serotonin




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.



INHERITED DISORDER

“ﬂirtnup Disease 1
A hereditary disorder associated with defective tryptophan
metabolism. Named after the family in which it was discoverad |

Biochemical defect: It is not known exactly. Probably impaireg
formation of “transport proteins”for tryptophan and neutral aming |
acids in intestinal mucosal, renal tubular epithelial cells and
the brain. There is defective intestinal and renal transport of
fryptophan and other neutral amino acids.

Clinical features: These are characterised by:

*  Mental retardation.

* Intermittent cerebellar ataxia and other neurological
symptoms. |

* Pellagra-like skin rash—cutaneous hypersensitivity to
sunlight.



Biood: Plasma level of tryptophan and other neutral amine
acids are reduced.

Faeces and Urine: The neutral amino acids, including
Iryptophan are excreted in urine and faeces, at least 5 1o 10 |
times of normal average. Faecal excretion of tryptophan s
specially marked after a “loading” dose of tryptophan given
orally.

|
Urine: Also shows greatly increased amounts of Indoleacetic
acid.
Note X
There is decreased synthesis of serotonin and nicotinic acid,

which accounts for neurological symptoms and pellagra like
rash respectively,




