Urea Cycle

OBJECTIVES:

= |dentify the major form for the disposal of
amino groups derived from amino acids

= Understand the importance of conversion
ammonia into urea by the liver .

» Understand the reactions of urea cycle

= |dentify the causes and manifestations of
hyperammonemia, both hereditary and
acquired
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BACKGROUND

Amino acids degradation Involve: 2) Removal of a-amino group

o o < ol T Unlike glucose (stored as glycogen) and fatty
emoval of carbon roduce Ammonia .
) (NHS3) acids (stored as TAGS)
skeleton. : : .
> Produce a-keto acid  €=—=HC{ NH,* Amino acids are not stored by the body
(used for energy metabolism) -:ZI:DD' so, amino acid excess of biosynthetic
needs are degraded.
Amino acid
SH= Amino groups of amino acids are funneled to Glutamate by Transamination Reactions
= CH= . :
G PRt = with a-ketoglutarate . (The enzyme aminotransferase uses a-ketoglutarate as the
o-Amino acid o-Ketoglutarate | AMiNoO group acceptor)
s . In picture 2, Example of Transamination reaction by ALT in amino acid catabolism
2 e It’s unique because it’s the only amino acid that undergoes rapid pxidative deamination |
coo HoN-CH y_
SOy

-
o-Keto acid Glutamate

Oxidative deamination?! of glutamate will
release NH3 and re-generate a-ketoglutarate

B Alanine aminotransferase

Alanine o-Ketoglutarate

Glutamate

Glutamate dehydrogenase
yarog lg NH3
Pyruvate Glutamate

a-ketoglutarate
1. Oxidative: loss of H, Deamination: removal of amino group in NH3 form. 9




Transport of NH3 from Peripheral Tissue into the Liver

O Ammonia (NH3) is produced by all tissues and its main disposal is via formation of ureain Liver

0 Blood level of NH3 must be kept very low, otherwise, hyperammonemia and CNS toxicity will occur
(NH3 is very toxic to CNS)

@ To solve this problem, NH3 is transported from
MUSCLE o MOST TISSUES
- * / Muscles Most peripheral tissues\ Glutamale
Alaning. - aMino- 1) NH3 is transferred to 1) NH3s transferred to
T e Pyat a-Ketoglutarate to form a-Ketoglutarate to form ATP 4 NH3

Glutamate Glutamate

o-Ketoglutarate  Glutamate 2) Glutamate will give its 2)  Glutamate is converted to Gidamine Mmhse

Glamate Amino Group to Pyruvate? to Glutamine

_ form Alanine by ALT by Glutamine Synthetase m+Pl

"H : . .

+ - NH3 leaves Muscles in the NH3 leaves peripheral tissue

+ Qrm of ALANINE / che form of GLUTAMINE*/ am
Amino acids

—
—

e LIVER | <~

*Glutamine carries more Ammonia and is not toxic




IN LIVER

GLUTAMINE (from most tissues)
Converted to GLUTAMATE by

/ Glutaminase

Glutamate NH3 has been transported from different

ALANINE (from muscles)

will give its amino group to a-ketoglutarate
to form GLUTAMATE by ALT.

Glutamate organs to the Liver
where it is released again to start the
dehydrogenase NH3 UREA cycle

a-Ketoglutarate
UREA CYCLE




It occurs in the mitochondria and
the cytosol of hepatocytes.

The reaction is catalyzed by FIVE
enzymes (in sequence) :

Carbamoyl Phosphate Synthetase |
Ornithine Transcarbamoylase(OCT)
Argininosuccinate Synthase
Argininosuccinate Lyase

Arginase

CIEENORIDNE

Free Ammonia provides one (N) atom
of Urea, CO2 provides the (C) atom.

s

Tissues in addition to the liver use
this pathway to make arginine.
H\C,,OO’.J % N, CYTOSOL
& ¢=NH = -
oo’ H NH ‘:}0 o
Malate =————— Fumarate CH H;

CH

NH LH

(‘ H, (‘ 00~
C| i
(,H
HCNH
COO
Argininesuceinate

ATP
GOO
1, NCH
GHe
| —— o0
BTha amino g'oup of aspartate 7

provides one of L-Aspartate
nitrogen atoms ol urea.

| "

Oxaloacatate ——

to oxaloacetate, which is

Fumarate is hydrated to
which is oxidized
transaminated to aspartate.

Gummlej%(elmmarala

(,H
HONH,* ~
Argainnio ooo i et
NH,* COO™ g ',r-tsom yine
C=N—cH

Ornithine is regenerated

Band transported Into the
mitochondrion,

Urea

MITOCHONDRIAL
ot neis  MATRIX
CH, CHy
CHa CH,

CH, CH,
HGNH;* HGNH;
coo™ oo™
- i L-Omithine

Citrulline is transported
out of the mitochondrion.

NH. { NH.
C-0 1 ¢-0
NH | NH
CH. CH,
CHa R
CH, | f CH,
HCNH,* HONH,*
coo”™ OO~
L-Citrulline ‘ L-Citrulline

- Carbon dioxide provndos
the carbon atom of urea.

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

"
1
| |

The enzyme has an absolute
reguirement for N-acetyl-
glutamate, which acts

as an allosteric activator




Sources of
Ammonia

Q Amino Acids (Quantitively the most important source)
O Glutamine
L Bacterial Urease in Intestine
O Amines e.g., Catecholamines.
O Catabolism of Purines & Pyrimidines

1. The action of intestinal urease to form NH3 is clinically significant in renal failure.
2. Most of ammonia is excreted in urine as NH4, which provides an important mechanism to maintain acid-base balance



I Hyperammonemia

Genetic def|C|enC|es of any of the 5 enzymes of urea cycle l o I

- . .

/
1. Lethargy and Somnolence 2. Tremors

Clinical presentation

: 3. Vomiting 4. Cerebral Edema
of Hyperammonemia

5. Convulsion 6. Coma and Death




2-day-neonate presented with lethargy. 2 days later, he
developed a seizure. CBC shows significant increase in
Ammonia and decreased Cirtrulline and Arginine .
Which ONE of the following Deficiency is the cause ?

A. Ornithine transcarbamoylase

B. Argininosuccinate synthas

C. Argininosuccinate lyase

D. Arginase
From most Peripheral tissues, NH3 is transported to the
Liver through forming ....... by .......

A. Alanine, Alanine Amino Transferase
B. Glutamine, Glutamine Dehydrogenase
C. Alanine, Alanine Synthase
D. Glutamine, Glutamine Synthase
Where does the Urea Cycle Occur?
A. Blood
B. Kidney
C. Liver
D. Tissues
What is the major form for the disposal of NH3?
A. Ammonia
B. Urea
C. Nitrogen
D. Aspertate

Amino Group of Amino Acids are funneled to Glutamine by:

Transamination
Oxidative Deamination
Decarboxylation
Hydrolysis

oCow>

6. NH3 is transported from Muscles to Liver via Formation of:
A. Glutamine
B. Alanine
C. Nitrogen
D. Pyruvate

A. Alanine, Pyruvate
B. Pyruvate, Alanine
C. Glutamine, Pyruvate
D. Pyruvate, Glutamine
8. In the Liver, Alanine will give its Amino Group to ...........
toform .......... :
A. Alpha-Ketoglutarate, Glutamate
B. Glutamate, Alpha-Ketoglutarate
C. Alpha-Ketoglutarate, Pyruvate
D. Glutamate, Pyruvate
9. The action of intestinal urease to form NH3 is clinically
significant in:
A. Liver Failure
B. Renal Failure
C. Hepatic Toxicity
D. Renal Injury

Answers:
1-A 2-D 3-C 4-B 5-A 6-B 7-B 8-A 9.B
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