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Afidonia has to be eliminated

Driginates in the catabolism of amino
e primarily produced by the
)f proteins — dietary as well as

hin the cell:

Stive enzymes

teins released by digestion of cells
sloughed-off the walls of the GIT
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Amgonia has to be eliminated

toxic, especially for the CNS,
eacts with o-ketoglutarate, thus

ting for the TCA cycle = decrease
lev I

iver damage or metabolic disorders associated

N elevated ammonia can lead to tremor,
Ty . .
ifMed speech, blurred vision, coma, and death

ammonia-in_blood: 30-60 pM
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EXcletory forms of nitrogen
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Ammonotelic animals: 0 H H
most aquatic vertebrates, Ureotelic animals:
such as bony fishes and many terrestrial
the larvae of amphibia vertebrates; also sharks

Uric acid

Uricotelic animals:

N birds, reptiles

ess NH,* Is excreted as ammonia (microbes,
' erteQrates or larvae of amphibia),

ertebrates)




1= 1. Remove amino group
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e original AA Is converted to the
oi-keto acid and vice versa:
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24 Take amino group to liver for
nitrogen excretion

Glutamate releases its amino
group as ammonia in the liver.

NAD(P)'
NAD(P)H
COO
Glutamate

The amino groups from many of

Glutamate '., 2 the a-amino acids are collected in
dehydrogenase o the liver in the form of the amino
o | group of L-glutamate molecules.
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1’ Nitrogen carriers

e amino group WITHIN cells:
ase — makes glutamate from a-ketogluta-

e dehydrogenase — opposite

erres two amino group BETWEEN cells —
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Glucose-alanine cycle

Alanine plays a special role in
transporting amino groups to liver.

Ala is the carrier of ammonia and of the
carbon skeleton of pyruvate from muscle to
liver.

The ammonia is excreted and the pyruvate is
used to produce glucose, which is returned to
the muscle.
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9 U :}o ammonia for the urea cycle:

ation of Glu, accumulated in the liver by the action of
)d glutaminase

releases NH; that enters the urea cycle in the liver (in
ed into the urine)

Thr, and His (nonoxidative deamination) also releases

Serine - threonine dehydratase

Serine —»— pyruvate + NH,*
T reonine —— oa-ketobutyrate + NH,*

ammonia.




> dehydrogenase (no PLP) — glutamate —
tarate (in liver)
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pare nitrogen to enter urea cycle
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it | transcarbamoylase)

‘g artate provides the additional nitrogen to form
Soininoswuccinate in cytosol
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Urea cycle — review
\(Sequence of reactions)

hhosphate formation in mitochondria is a
Or the urea cycle

bhosphate synthetase)
on from carbamoyl phosphate and

hlgininosuccinate synthase)

and fumarate formation

V O >

2 to Urea and ornithine




e Q’f‘ chemical balance of the
1\ biosynthesis of urea

2ATP — carbamoyl phosphate + 2ADP + Pi
phosphate + ornithine — citrulline + Pi
partate — argininosuccinate + AMP + PPi
losuccinate — arginine + fumarate
. Arginine — urea + ornithine

iH; + CO, + 3ATP — urea + 2ADP + AMP + PPi + 2Pi
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| Nitrogen balance

Tissue proteins

Purines, heme, etc.
Energy

Amino acid / Excretion
pool as urea and

NH,*

W Of nitro jen iIngested is balanced by the excretion of an
at of nitrogen. About 80% of excreted nitrogen is in




REgulation of urea cycle

f urea cycle is regulated at two levels:

IS primarily proteins — much urea (amino
or fuel)

vation — breaks down of muscle proteins
ea also

e rate of synthesis of four urea cycle enzymes and
amoyl phosphate synthetase | (CPS-I) in the liver is
gl c*\anges In demand for urea cycle activity.
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Egulation of urea cycle

2 synthesized at higher rates in animals

3N diet

re synthesized at lower rates in
iImals with carbohydrate and fat diet
ith protein-free diets




REgulation of urea cycle
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f Ammonia toxicity

Ammonia encephalopathy

tration of ammonia in the blood and other
ammonia difuses into cells, across blood/brain
sed synthesis of glutamate from a-ketoglutarate,
IS of glutamine

te is depleted from CNS — inhibition of TCA cycle and
| ATP
B\ eurotransmitters — glutamate (excitatory neurotr.) and GABA
\\\ gibitory newrotr.), may contribute to the CNS effects — bizarre
‘ our




cies of urea cycle enzymes

I
L}

total deficiency of one or more enzymes survive at
\/S.

eficiencies are partial — enzymes have altered K,

of deficiencies of each enzymes.

"‘\ f the cycle at each point affected nitrogen metabolism
V. - some of the intermediates can diffuse from hepatocytes

ccumulate in the blood — pass into the urine.

nptoms are not detected early enough — severe mental
ation — brain damage is irreversible.




a and general hyperaminoacidemia in a newborn

no detectable ability to synthesize N-acetylglutamate).
iInclude lethargy, vomiting, and deep coma.




LBy D hosphate synthetase (CPS 1) deficiency:

sive metabolic disorder, associated with mental
evelopmental delay.

as been observed in 0 — 50% of normal level of
e |iver.

oate and phenylacetate — hippurate and Phe-
reted in the urine:
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@llligine transcarbamoylase (OTC) deficiency

nmon urea cycle disorder, resulting in a mutated and
( of the enzyme.

sive disorder caused by a number of different
e OTC gene — males are generally more seriously
ales (males are asymptomatic as heterozygotes).

ith OTC may include mental retardation and
y_

AKHQ‘]OO Cinate synthase deficiency — citrullinemia

. (citrullinuria)
autosomal recessive metabolic disorder, inability to condense
citrulline with aspartate.
Agcumulation of citrulline in blood and excretion in the urine.
\\\ | citrullinemia - usually becomes evident in the first few days of

ablin mia - the signs and symptoms usually appear during
he nervous system.
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cinate lyase deficiency (argininosuccinate
aciduria)
pcessive disorder, argininosuccinate is excreted in large

)ms varies greatly, it is hard to evaluate the effect of
 dietary restriction of nitrogen.
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Glucose-alanine cycle

Alanine plays a special role in
transporting amino groups to liver.

Ala is the carrier of ammonia and of the
carbon skeleton of pyruvate from muscle to
liver.

The ammonia is excreted and the pyruvate is
used to produce glucose, which is returned to
the muscle.
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