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Learn objectives:

-Know the urea cycle and it’s role
-Know , what are protein metabolic disorders
-know , how occur relation between urea

and krebs cycles




Conversion of ammonia to urea: Urea cycle (Krebs-
Henseleit cycle)
The first two steps occur in mitochondrial matrix
and the remaining three take place in cytosol of
hepatic cells.

[ = STogn sem e o = e svm v S, . ) - _ :
| Mitochondrial matrix | - O=( ,/N"z - From free ;mnmmm“
R P SN .y ‘
:l.-glulamutc Glutamine : & NH, =g From L-aspartate |
~ y : | . 9.14: Struct of urea.
: ('DP\ Aul;umnu\‘c : H O Fig. 9.14: Structure
3 S Urea " -
|  +2ATPGCPSI | @ | o TCAcycle
I = e ~arginine »
:2 ADP + P1 Mg* L-ornithine ""_l PP In mitochondna
Carbamoyl Fumarate
: phosphate P :
| Ornithine | Cytosol
trans- Argininosuccinase
| carbamoylase | O/ Arg '
lL.. R ) TR o é"l-*'i"“”iﬂl‘ Argininosuccinate

ATP + L-aspartate
AMP + PPi Argininosuccinate
synthetase

Fig. 9.15: Urea cycle (Ornithine cycle). Chemical structure of urea is given as Fig. 9.14,



Step 1: synthesis of carbamoyl phosphat

Another enzyme carbamoyl phosphate synthetase Il (CPS Il) is present in
cytosol of hepatic cells. CPS Il catalyzes the synthesis of carbamoyl phosphate
using amide group of L-glutamine and takes part in biosynthesis of the
pyrimidine nucleotide

Step2 synthesis of L-citrulline

L-ornithine that reacts with carbamoyl phosphate to form L-
citrulline, is regenerated with each turn of the urea cycle (step 5)
and plays a role similar to that of oxaloacetate in TCA cycle.
Therefore, urea cycle is also known as ornithine cycle.

**-citrulline formed in step 2 is transport via citrulline/
ornithine cycle exchange transporter from mitochondrial matrix
to cytosol



Step 3: Synthesis of argininosuccinate
Step 4: cleavage of argininosuccinate
Step 5: cleavage of L-arginine

Regulation of urea cycle:

Carbamoyl phosphate synthetase | (CPS | ) is an allosteric
regulatory enzyme of urea cycle. Activity of CPS | is
absolutely dependent on concentration N-acetylglutamate
(NAG) for activity. CPS | is allosterically activated by NAG.
After ingestion of meal rich in protein, an increase in
intrahepatic concentration of L-glutamate accelerates the
synthesis of NAG; which in turn activates CPS | and
enhances the rate of urea synthesis (Fig. 9.16). NAG is
synthesized from acetyl CoA and glutamate in presence of
enzyme N-acetylglutamate synthase (Fig. 9.16). Thus, a
protein rich diet accelerates the urea cycle.
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Fig. 9.16: Synthesis and hydrolysis of N-acetylglutamate.

Disposable of urea: Ammonia is converted to urea a major
portion of urea is excreted in urine via kidneys, a small
fraction of urea also diffuses in intestinal lumen where it is
cleaved into ammonia and CO2 by urease action of enteric
bacteria. The ammonia, thus produced in gut, is either
absorbed from the large intestine into portal blood or lost
in the faeces.




A rise in blood urea level occurs due to
-pre-renal cause (high protein diet, increased tissue protein breakdown, thyrotoxicosis,
prolonged high fever, intestinal obstruction, leukemia, Gl bleeding disorders, etc.),
-renal __cause _(chronic nephritis, renal tuberculosis, renal carcinoma, acute

glomerulonephritis, etc.)
-post-renal cause (bilateral obstruction in urinary tract, tumours of urinary bladder,
enlargement of prostate, etc.).

The term "uremia’ is used to indicate rise in blood urea level due to renal failure (renal
cause), whereas the term 'azotemia' indicates increase in blood urea level due to any
cause other than renal disorder

A decrease in blood urea level is seen in advanced
liver diseases (liver cirrhosis, chronic hepatitis,
hepatocellular carcinoma, etc.), inherited
disorders of urea cycle and low protein diet.



Biomedical significant of urea cycle (metabolic disorder of urea cycle):
known as hyperammonemia) is observed in patients with liver dysfunction, renal
dysfunction or inherited disorders of urea cycle.
Hyperammonemia may be classified into two major types-

1. acquired hyperammonemia
2. hereditary hyperammonemia (inherited hyperammonemia or familial
hyperammonemia).

Acquired Hyperammonemia

-liver cirrhosis, hepatitis, alcoholic liver disease or biliary
obstruction,

The acquired hyperammonemia is also seen in renal failure.
Impaired detoxification of ammonia in advanced liver cirrhosis is
an important cause of acquired hyperammonemia.




Hereditary hyperammonemia( inherited disorder of urea cycle): it occurs due to
inherited defect in any one of the five enzymes of urea cycle.

Table9.1: Defective enzyme and Inherited metabolic disorder of urea

cycle

Inherited metabolic disorder of Defective/deficient enzyme of urea
urea cycle cycle

Hvperammonemiatvpel Carbamovl] phosphate synthetase I
Hvperammonemiatype 2 Ornithine transcarbamovlase
Citruliinemia Argininosuccinate synthetase

A rgi1ninosuccinicaciduria Argininosuccinase

Hyperargininemia Arginase




