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Amino acid metabolism lecture 2 of 3
Nitrogen metabolism and urea cycle
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1.Synthesis of non-essential amino acids
Amino acids metabolism 2.Catabolism of amino acids

3. Nitrogen metabolism and urea cycle
4. Heme synthesis from glycine and succinyl-CoA
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Nitrogen metabolism

* An adult consuming 100g of protein/d excretes 16.5g nitrogen/d; 95% in urine
and 5% in faeces (v small amounts in sweat & other routes) (nailsJ >)
NJ) (= 16.58 aed 4} Sz ala proteind! (= 100g s pasd o J=a nitrogen oe 3oke proteind) (e 16% 43 el U <3
* Nitrogen balance: quantitative difference between nitrogen intake & output

* Positive nitrogen balance: intake > output /0 & G Al e ST ot sy N ApaS 0585 Ll sy (2l
* Growth, muscular training, pregnancy, recovery from negative nitrogen balance
43li€ 5 43 )5 284 S 5 starvation 4asii catabolic state (o 4ewa OIS add 5, ol 1Y) (am (e recoveryd) s A 4 5d5 (Saa
Jis gaining weight and muscle mass Uil 4 iz Siledll Cus metastatic cancerd) (e el Ala 8 (San 5| 8l Ty &5 dlian])
positive N balance sxic 43) =y La
* Negative nitrogen balance: output > intake

* |Inadequate protein diet, loss of protein, increased protein catabolism

* Nitrogen equilibrium = output =intake  ¢lsie aelSh sl (ml al sl adil) sie (5% Lo L Dl Al
« Normal healthy adult on an adequate diet equilibrium s & ¢ ¢S NJB&



Ammonia

* Universal participant in amino
acid synthesis and catabolism
(deamination)
amino acidsdl sSi s el & laa dege ammoniad

e Accumulation in abnormal

concentrations = toxic effects
& gasd Lga\_a z ?S‘J'“ G jba g s e Gl )y gmmoniad) 4w )
Lealiil 2 Lgie paldthy Laly sl o 5 clia (Lie toxic effects

* Ammonia must be eliminated
as soon as it is formed

H~ N Ammonia
H NH, .

*3age sourcesd -4

\_

Glutamic acid Gl :

Deamination sef——

AMINo Sugars=r——s

midi Ammonia
P, pool s Asparagine
Putrefaction st

Sources and fate of ammonia



Fate of the ammonia removed

~all ammoniad uﬁuau‘e-\-’\-ﬂdﬁ\-\l-&‘ .
s, aliay Lms functionsd Leeddivg (Sas Ammonia
auail l synthesis of non-essential AAJ)
nitrogenous compoundsd! / \
Synthetic/ Anabolic Excretory/
pathway Catabolic pathway
/ / /" Kidney )
[ Liver ] Small quantities
Synthesis of nonessential ammonia ! il Y1 organd! s liverd) [~ Other under n.o.rmal
AA z o excretiond) suas W J8 Cus excretion | tissues .condltlonf,
. . Cpam alily yrea ) ammoniad! dassd s TEEEEEE TS
Synthesis of nltrogef\ous urined) L3 J38 e kidneydie 7 55k uread \_ acidosis j
compounds as: purines, i
pyrimidines, and amino sugars & oS dS 3% sl gla s Jurined) (2 Lo 55 J 5 ammoniadl g SliaS B (S
SV HA (e p2ld lée ammoniad! dexivds kidneyd! 43 s a3l acidosisd! @Y

urined) & a8 5 acidsd)!



*Fate of products of deamination:

(A)Fate of the ammonia removed

(A)Fate of the carbon skeleton

5OAY)s Liall el g b sl Gl ) wll




Ammonia transport from tissues to liver/
Kidney

* |Inside the cells of almost all tissues, the trans-amination of amino acids produce
glutamic acid glutamate Ly 5 LI ISy Gasy transaminationd) Ll L s )

* First line of Defense (Trapping of ammonia): Being highly toxic, ammonia should
be eliminated or detoxified, as and when it is formed
* Even very minute quantity of ammonia may produce toxicity in central nervous system

brainds central nervous systemd! 4ali | toxicity s (Sas Lgie AL CluwS

* Intracellular ammonia is immediately trapped by glutamic acid to form

glutamine, especially in brain cells
* The glutamine is then transported to liver, where the reaction is reversed by the enzyme glutaminase
aasl Jlas (NH2 JS8 e S5 4l) 2N e s siny Jla trapping dee L 2z s NH3 e s sise Slal glutamic acidd)
b 7 braind) & trapping 4ba L 1 43Y braind 4 specially o8 ,Wall JS & juay Sall (2l s glutamine
urined) & Lie paliill ab g aie NH3J) daad ol lie liverd! glutamined) J& o clia aay | € ) il
* Aspartic acid may also undergo similar reaction to form asparagine



Ammonia trapping as glutamine

"O0OC-CHNH,* —CH,—CH,—C00"

Glutamate is critical to intracellular AA
Glutamic acid

NH, ATP metabolism
Glutamine synthetase _ .
H,0 ADP + Pi GIutamatg synthetase: rr.nto.chond.rlal-
enzyme, high concentration in brain, liver
"00C-CHNH4 —CH,—CH,—CO—NH, & kidney
Glutamine )
glutamine J) Gk (e &8 glutamined) (x5S adlac
H0 dsnsa s (ATP llgiu 43 Ca 2y dansl (e ) synthetase
Glutaminase .mitochondria in brain/ liver/ kidneyd) & 8y JS&

NH3 s glutamic acidd 4lad o5 (lie |iverd! 4la oh clia aa

NH,
glutaminased) &b e

Mitochondrial in liver, kidney
Glutamic acid

Jai a3) g ATP &OEul a5 (p s s enzymesd) <= agall (K1 40 sllaa fie reactionsd) Jealéi s structuresd)™
processd! & ammoniad) &las (e tia



Catabolic and excretory pathways:

* Being highly toxic to tissues, the ammonia produced in excess of
the requirements for anabolic purposes is rapidly disposed of

5_nilu disposition L yuas 7 Wiala e 323 ) CilS gmmoniad! 4w o (<) anabolic processesd! (az 2 Jaxh ammoniad)
P d P ’

* The method of disposal depends upon the tissue in which
deamination occurs

A- In the liver:
. . . . . . . . liverd) Jaa sy xala)
The liver is the main site of deamination of amino acids (glutamine JS5 Ll

— Most of the ammonia released (via glutaminase) is converted to urea
— The urea formed goes via the blood to the kidneys to be excreted in urine




B- In the kidneys:

The ammonia resulting from the deamination of
AA in the kidneys is directly excreted in urine

This accounts for about 40% of the urinary ammonia
(e AL 4S JSi kidneydl Ul ammoniadls ,uread) Gk e ki 4 wbaall 400V analls ammoniad! excretiond! ale JSi oY)
deaminationd Gk oo s Js¥) Jaadl | aas e oaib kidneydh (U ammoniadl s awadl e okl = 5 I ammoniadl Hlea)
Dvadl pala g 4 W) kidneydh ammoniad) sk s | AAJ) J s A amino groupd) (e g=lddll o Eua e kidneyd) 2 AAJ
actual ammonia that is excreted in the form of uread! (» 4l 4o J8 BSa L 65 A5 urinary ammoniad! ¢« 40% L

C- In extrarenal tissues:

The ammonia resulting from the deamination of
AA in extrarenal tissues, particularly the brain, is
converted to glutamine

Glutamine synthetase

Glutamic acid 7 glutamine

NH3 ATP ADP+Pi

e Ak i Y SIS Y5 A8 la Jabal Cuaid dliea 08 b a b




s glutamic acidd s xS o4 = 5 kidneyd! 4la o4 e 2y Cus glutamined) &k oo o~ kidneyd) @ ammoniad! S8 jaadll

Ue  dlaid sae kidneydb le 2 <3 urinary ammoniadl (=« 60% JS& o=l 5 kidneyd! (8 o W ) 38 7L Y ,ammonia

8) (pdas (e Als A ammonia 4 e 5 (main route of excretion of ammoniad! 2 5 ,ammonia (= 4l ) urea
(glutamined S5/ kidneyd) & A AAJ

* Glutamine goes, via the blood, to the kidneys
where it becomes hydrolyzed by glutaminase
into glutamic acid and ammonia

— The ammonia is excreted in urine, accounting for
about 60% of urinary ammonia

— This amount increases in acidosis (forms salts with
metabolic acids) = counteracting acidosis

e Glutamic acid acts as the link between amino groups of amino acids and ammonia
* The concentration of glutamic acid in blood is 10 times more than other amino acids
urea-ammonia cycled) 8 4 a5 dadi yall Lol slgn saa) 53 5

ammoniad! Ul s glutamined
%) aa dage Adalit* Glutamine is the transport forms of ammonia from brain and intestine .brain/ intestined) (»

to liver; while alanine is the transport form from muscle o« ammoniadl B sa glanined!
musclesd)!



Glucose-Alanine cycle

* Alanine is transported from muscle to liver,
transaminated = pyruvate = glucose

Glucose

* Glucose can enter glycolytic pathway to form
pyruvate which is transaminated = alanine

/ (2) Urea gluconeogenesis

| (2)-NH,* (2) Pyruvate
* Glucose-alanine cycle is of primary importance in
conditions of starvation

glutamate

\ ™ 2-oxoglutarate

(2) Alanine -

* Importance
* Transfer if 3C of pyruvate to the liver to give glucose

* Transfer of NH3 in non-toxic form from muscle to liver to be Hepatocyte Mactlecall
converted to urea

* Related to Cori cycle




O
Urea cycle HQNJ\NHZ

Urea

Urea is the main way of excretion of ammonia resulting from the deamination of AA

 Ammonia is highly toxic to the CNS; it is converted to non toxic urea in the liver only
* Urea is water soluble easily excreted by the kidneys in urine. Urea is the main end product of protein (amino acids)

metabolism . .
protein metabolismd! end productd 4 uread!

Plasma urea is 15-45 (20-40) mg/dl, it is formed in the liver and transported in blood to the kidney to be excreted
in urine (urinary urea is 15-45 (20-40) g/day)

,ammoniadl ¢ siue 2 =) (liver failure) liverdu ASia Huay 4l Sl liverdh e sS5 ab uread) 4] 48 20 age I
ammoniadl 334 ) 53l 4a 3 (Kan s 2ll uread) 3363 526 = (kidney failure) kidneydb dlSis jla
Urea cycle is known as Krebs—Henseleit cycle (5 reactions, 1-2 in mitochondria; 3-5 in cytosol)
TCA cycled) «aiiS) A allall (ds J8 (e LBLEIS) o5 43 el Leiiand Cud
* Asornithine is the first member of the reaction, it is also called as Ornithine cycle
ornithine cycle Lt (Sas clia (Lie  catalyst o kie) (Say Eua TCA cycled) 2 oxaloacetated) L5 < 4wd 8 ornithined) L2

* The two nitrogen atoms of urea are derived from two different sources:
* one from ammonia; and . o *k Jaaik*
* the other directly from the alpha amino group of aspartic acid



Urea cycle

Ammonia + CO,

1

Carbamoyl phosphate

/;\
Ornithine Citrulline
Aspartate

Urea

Fumarate

Argininosuccinate

Arginine
4

O

M

HoN yrea NHo

,carbamoyl phosphate L= ammoniad
4) cyclew Wit g cyclee Jay = 5 Al
ornithined) s ,5_aiue dala (00 Lead OOl L)
ae Jelihy AU oS yall sa 4) Led o) 50
,cycled! 4au carbamoyl phosphated)
,cycled 4l regeneration 4 _sas aa x5
e s s aspartated) Jax cycled) J3a
Jax fumarated 43 La s fumarate Jsi
& OsSh zo Al Sy paled TCA cycledh
2 cyclesd) ¢ linkage

Urea cycle, summary. Note that aspartate enters and fumarate leaves at different steps

L Caeld giall cnd ie clif agll




Step 1. Formation of Carbamoyl Phosphate

*Which is a high energy compound

* One molecule of ammonia condenses with CO2 in the presence of two molecules of ATP & form
carbamoyl phosphate TCA cycled (s Lagis reaction Jsl oe sl sla CO2J1 5
carbamoyl PJ) S 5 8 Jany 4l i) cll g 1 Pj s g8 Lie = & I 81 2 P groups & 3 &8 43) S 2 ADPs 2 ATPs Jasad s

* The reaction is catalysed by the mitochondrial enzyme carbamoyl phosphate synthetase-l (CPS-I)
*CPS-1 is activated by N-acetylglutamate

* An entirely different cytoplasmic enzyme, carbamoyl phosphate synthetase-Il, (CPS-Il) is involved in At
pyrimidine nucleotide synthesis 1. Jas U reactionsd) s s25n 5 MSe G e CPS-2J) e LIS Calide CPS-1J) Aegs
pyrimidine nucleotided! i A Jax s cytoplasmd) (8 252 9« CPS-2d) Cus **Jas
* CPS-I reaction is the rate-limiting step in urea formation (It is irreversible and allosterically regulated)

carbamoylphosphate




1 = carbamoyl phosphate synthetase  NH, + CO, + H,0 Urea cycle is shown on the left side.

2 = ornithine trans carbamoylase Enzymes 1 to 5 are members of urea cycle.

2ATP Cycle on the right side is part of citric acid
(1) cycle (Chapter 18). The regeneration of

2 ABP i The two cycles together are called urea
NH, -CO-O-PO, bicycle. Reactions shown in pink area are
taking place inside mitochondria; other
reactions are in cytoplasm.

Citrulline OOC-CH-C-C-C-N-CO-NH;
NH + H, Hy Hy H
3

OOC-?H-C-C-C-NH, ATE

* Hz H; H,

AMP + PPi ooc—CH-CH,-coo 8
(-)H,0 NH:
Urea @
H,N—CO~NH, \(8) Folololy H=C—C—C—N—CNH, ‘Malate

NH, Lt it N = (|:H—COO

' H . C=COO0 ‘

Arginine "00C—CH=CH-COO
OOC—?H—C;&:&:N—?NH, . . . o .
NH Urea cycle and its relation with citric acid cycle

H,0

aspartate needs this part of citric acid cycle.

st o Lle AN regctionsd)
8 Wl mitochondriad!
& ©asi s reactionsd)
cytoplasmd!

el Je A3 el cycled) s

& A TCA cycled) (e s > (2

, urea cycled Gws 4w linkage
055 reactiond) Aasall 43y

Bl (sl jla 2 cyclese 4wl
Ll )Y 5 urea bicycle asl 43l
aspartate J (&b (e 550 aein

fumarated s



aal aal sa ornithined! , JsSXill*
e 48] sl & gmino acidsJ)

Step 2. Formation of Citrulline ? arnenare of roted
* The second reaction is also mitochondrial

* The carbamoyl group is transferred to the NH, group of ornithine by
ornithine transcarbamoylase (OTC) (Ornithine is considered as a catalyst)

e Citrulline leaves the mitochondria and further reactions are taking place in
cytoplasm e

2ATP + HCO; + NH, —» . . L e
i phosphate ,citrullined) 05S% stepd) sl
oo
(1) X . e : .
Citruline Omithine 43,44 555 32 mitochondriadl
$ ___Mitochondrion | cytosold) & wals stepsd Bl
v Cytosol
Citrulline Omithine
Aspartale\l
Arginino- Urea
succinate -
Arginine

Fumarate




1 = carbamoyl phosphate synthetase = NH; + CO, + H,0 Urea cycle is shown on the left side.

2 = ornithine trans carbamoylase Enzymes 1 to 5 are members of urea cycle.
3 = argininosuccinate synthetase 2ATP Cycle on the right side is part of citric acid
4 = argininosuccinate lyase ) cycle (Chapter 18). The regeneration of

5 = arginase 2 ADP +Pi aspartate needs this part of citric acid cycle.
6 = fumarase The two cycles together are called urea

7 = malate dehydrogenase NH, -CO-O-PO, bicycle. Reactions shown in pink area are

8 = aspartate traneamhase taking place inside mitochondria; other
reactions are in cytoplasm.
00C—CH-C~C~C—N-CO=NH,
Nk Hz Ha Ha H

“ooCc- H—C-C-C-NH,
* 2 Ha H

Aspartic acid
AMP + PP ooc-grczcoo\ @
(-)H,0 NH:
o @
HyN—CO—NH, \(8) ooc- H:C-C—C—N-?NH, ‘Malate
H,0 NHj "2 Fz Ha H ~ GH-COO”
H _C—CO0
@ ©
"00C—CH=CH-COO"

ooc—g::cz—gz—gz—n—gm,
3

Urea cycle and its relation with citric acid cycle



Step 3. Formation of Argininosuccinate

One molecule of aspartic acid adds to citrulline forming a carbon to nitrogen bond which
provides the 2nd nitrogen atom of urea citrullined) e Jelits s aspartated! ek stepd! ke
S enzymed) sl (w5, Argininosuccinate Liax lic
* Argininosuccinate synthetase catalyzes the reaction U S 43) Jiag Le  AMP Liskazy g ATP zUsy ged Jelall jasy
45 5 high energy 's¥') 2 high energy bonds
pyrophosphate z s Al 44LxYL (relatively high energy

* This needs hydrolysis of ATP to AMP level, so “two relatively high energy phosphate bonds”

are utilized P—
ofelo} CH
. L : CH, _ CH
* The PPiis an inhibitor of this step . N—CH C00 doo-
e oo, Tk f
— = umarate —
¢—O aspartate HN—?_N_dIH HzN—Q—NH{
NH NH OO NH
CH, Q_ _ CH, CH,
g:z g \ gHz argininosuccinag se g:z
2 AMP + PP, (12 2
HE=NH* 7 ' HO-NHg HC—NH;
COO™ e COOr oo

.. o R ' synthetase .
il g alaall 5 &) 5 sagd) il u—" ?@j\ citrulline ' argininosuccinate arginine




1 = carbamoyl phosphate synthetase = NH; + CO, + H,0 Urea cycle is shown on the left side.

2 = ornithine trans carbamoylase Enzymes 1 to 5 are members of urea cycle.
3 = argininosuccinate synthetase 2ATP Cycle on the right side is part of citric acid
4 = argininosuccinate lyase ) cycle (Chapter 18). The regeneration of

5 = arginase 2 ADP +Pi aspartate needs this part of citric acid cycle.
6 = fumarase The two cycles together are called urea

7 = malate dehydrogenase NH, -CO-O-PO, bicycle. Reactions shown in pink area are

8 = aspartate traneamhase taking place inside mitochondria; other
reactions are in cytoplasm.
00C—CH-C~C~C—N-CO=NH,
Nk Hz Ha Ha H

“ooCc- H—C-C-C-NH,
* 2 Ha H

Aspartic acid
AMP + PP ooc-grczcoo\ @
(-)H,0 NH:
o @
HyN—CO—NH, \(8) ooc- H:C-C—C—N-?NH, ‘Malate
H,0 NHj "2 Fz Ha H ~ GH-COO”
H _C—CO0
@ ©
"00C—CH=CH-COO"

ooc—g::cz—gz—gz—n—gm,
3

Urea cycle and its relation with citric acid cycle



Step 4. Formation of Arginine

Argininosuccinate is cleaved by Argininosuccinate lyase (argininosuccinase) to arginine and

fumarate 43) L (S inhibition ez (Ses fumarated) 4] (s a2 1L

& JAy (lie mitochondriadl & 43S« Sial fumarated

The enzyme is inhibited by fumarate alsy 25 Susy compartmentalization o <@, TCA cycled)
* But this is avoided by the cytoplasmic localization of the enzyme Sl il L) Jaw & 4ol JWls  mitochondriad!

cytosoldb Jea 7 5 Ui 43Y reactiond)

The fumarate formed may be funneled into TCA cycle to be converted to malate and then to
oxaloacetate to be transaminated to aspartate regeneration des: z 5 43y At i 7 il digally,

o step 3« Jax A aspartic acid!
Thus the urea cycle is linked to TCA cycle through fumarate

. COO"
The 3rd and 4th steps taken together may be summarized as: 00" h
e Citrulline + aspartate - Arginine + fumarate CH, _ CH
oy CO0 .
. ‘HsN—CH . ¢oor
s oo H .
¢:O aspartate HN:(}—N—(?H umarate HN—C=NH;*
NH NH COO NH
CH, _ CH, CH,
g:z A g \ (':HQ argininosuccina se g:z
(2 AMP + PP, ghiz [ 2
He-NHgs T HC—NHz* HE—NH;*
cog  Hgmmosutcnate COOr CoO

-1 70 | - -
syhthetase

citrulline argininosuccinate arginine




1 = carbamoyl phosphate synthetase = NH; + CO, + H,0 Urea cycle is shown on the left side.

2 = ornithine trans carbamoylase Enzymes 1 to 5 are members of urea cycle.
3 = argininosuccinate synthetase 2ATP Cycle on the right side is part of citric acid
4 = argininosuccinate lyase ) cycle (Chapter 18). The regeneration of

5 = arginase 2 ADP +Pi aspartate needs this part of citric acid cycle.
6 = fumarase The two cycles together are called urea

7 = malate dehydrogenase NH, -CO-O-PO, bicycle. Reactions shown in pink area are

8 = aspartate traneamhase taking place inside mitochondria; other
reactions are in cytoplasm.
00C—CH-C~C~C—N-CO=NH,
Nk Hz Ha Ha H

“ooCc- H—C-C-C-NH,
* 2 Ha H

Aspartic acid
AMP + PP ooc-grczcoo\ @
(-)H,0 NH:
o @
HyN—CO—NH, \(8) ooc- H:C-C—C—N-?NH, ‘Malate
H,0 NHj "2 Fz Ha H ~ GH-COO”
H _C—CO0
@ ©
"00C—CH=CH-COO"

ooc—g::cz—gz—gz—n—gm,
3

Urea cycle and its relation with citric acid cycle



Step 5. Formation of Urea

* The final reaction of the cycle is the hydrolysis of arginine to urea +
ornithine by arginase

* The ornithine returns to the mitochondria to react with another molecule of carbamoy!
phosphate so that the cycle will proceed

* Thus, ornithine may be considered as a catalyst which enters the reaction and is
regenerated

AlalS dlae g 4d e 45) 5 4l dae sdasn g Al e




1 = carbamoyl phosphate synthetase = NH; + CO, + H,0 Urea cycle is shown on the left side.

2 = ornithine trans carbamoylase Enzymes 1 to 5 are members of urea cycle.
3 = argininosuccinate synthetase 2ATP Cycle on the right side is part of citric acid
4 = argininosuccinate lyase ) cycle (Chapter 18). The regeneration of

5 = arginase 2 ADP +Pi aspartate needs this part of citric acid cycle.
6 = fumarase The two cycles together are called urea

7 = malate dehydrogenase NH, -CO-O-PO, bicycle. Reactions shown in pink area are

8 = aspartate traneamhase taking place inside mitochondria; other
reactions are in cytoplasm.
00C—CH-C~C~C—N-CO=NH,
Nk Hz Ha Ha H

“ooCc- H—C-C-C-NH,
* 2 Ha H

Aspartic acid
AMP + PP ooc-grczcoo\ @
(-)H,0 NH:
o @
HyN—CO—NH, \(8) ooc- H:C-C—C—N-?NH, ‘Malate
H,0 NHj "2 Fz Ha H ~ GH-COO”
H _C—CO0
@ ©
"00C—CH=CH-COO"

ooc—g::cz—gz—gz—n—gm,
3

Urea cycle and its relation with citric acid cycle



Energetics of Urea Cycle

* The overall reaction may be summarized as:

NH; + CO, + Aspartate - Urea +fumarate deaminationd) (= a2 NH3J! -
TCA cycled) (s ) 520 aspartated s CO2J) -

During these reactions, 2 ATPs are used in the 1st reaction

Another ATP is converted to AMP + PPi in the 3rd step, which is equivalent to 2 ATPs

The urea cycle consumes 4 high energy phosphate bonds (relatively high # 4J) Jsaa (e Bas s 43) i )

However, fumarate formed in the 4th step may be converted to malate
* Malate when oxidised to oxaloacetate produces 1 NADH equivalent to 2.5 ATP (new system)

So net energy expenditure is only 1.5 high energy phosphates
* The urea cycle and TCA cycle are interlinked, and so, it is called as "urea bicycle"

CHO/ lipid/ protein metabolismdb Jaxiy Cus Ly & 231 IS metabolismdb s «=lis TCA cycled) Al o laadl o



Relationship between urea cycle and tricarboxylic acid cycle
(Kerbs cycle):

 Fumarate produced in urea cycle can be oxidized in Kerbs cycle
to oxaloacetate which by transamination give aspartate
needed for urea synthesis

* Co2 needed in urea formation is derived mainly from TCA cycle

 ATP needed in urea formation is derived from TCA cycle



Regulation of urea cycle:

* Corse control - Effect of feeding and fasting: the enzymes of urea cycle are:
* increased by high protein diet

« decreased by low protein diet ,proteind J skt b et 4 yrea cycled! enzymesd)

proteind) J s Julat Lelee Jula a3y

* Fine control = N-acetylglutamate acts as activator for carbamoyl phosphate
synthetase | (CPS I) which is inactive in its absence

urea cycled! Jiss 7550 s N-acetylglutamated) ¢nsSi 53 3 ol 7 5 AAJ) 4uaS gl )|

Compartmentalization
* The urea cycle enzymes are located in such a way that the 1sttwo enzymes are in the
mitochondrial matrix

* The inhibitory effect of fumarate on its own formation is minimized because
Argininosuccinate lyase is in the cytoplasm, while fumarase is in mitochondria

( \ NAG-synthase Deacylase
Glutamate N-Acetyl Glutamate
. . . ; ; glutamate /\
M1 AA 5 M MMtransdeamination - P14 glutamate which AcetylCoA CoA (NAG) MO  Acetate

combines with acetyl coA forming N-acety glutamate

& J

NAG synthesis and breakdown




Diagnostic importance of plasma urea
determination:

* Plasma urea is one of the kidney function tests

* Plasma urea is increased in kidney diseases
like renal failure (uremia)

e In liver failure: liver cells cannot convert
ammonia to urea so there will be:

(ammoniad'3:.3) ¢ hyperammonemia (ammonia intoxication); and
* urea is decreased

el g aall ey dsely ol aed) (el 3ge ] Al aell




Disorders of Urea Cycle

Deficiency of any of the urea cycle enzymes would result in hyperammonemia
adl & ammoniad) g Y 36 7 ble IS5

When the block is in one of the earlier steps, the condition is more severe, since ammonia itself accumulates

Eeficiencies of later elnzymes result in the accumulation of other intermediates which are less toxic and
ence symptoms are fess Ji L le g5 ) palla s alidl stepsdl enzymesd! (= 2als 8 blockaged! Jbs
AN Lexa Jeldi g g AN AlS o dadi Jelly 585 - 5 b (2 W) accumulation Wl sras 28 (s ammoniad) 4
oSy g NH3 g (A W) =i 7 ammoniad A sY) stepsdh Jba blockaged)
As a general description, disorders of urea cycle are characterized by hyperammonemia, encephalopathy
) highly toxic &Y braindb JSWis Lillass (Saa D
Clinical symptoms include vomiting, irritability, lethargy and severe mental retardation (if untreated)

Infants appear normal at birth, but within days progressive lethargy sets in
e 5 similar ¢S 48l disordersd! z3kall ale JS5
Treatment is more or less similar in the different types of disorders alasiuls cl3xll & proteinsd) Jidsi s b e 525 L
urinedb Lealki s ammoniad) (e gl e aclud 4 g

Low protein diet with sufficient arginine and energy by frequent feeding can minimize brain damage since
ammonia levels do not increase very high



DiSO rde rS Of U rea CyCI e Type | and Il hyperammonemia are

more severe than the other types
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Diseases

Enzyme deficit

Features

Hyperammonemia
typel The most severe

Hyperammonemia

type Il The 2"d severe
Commonest

Hyperornithinemia

Citrullinemia
Argininosuccinic aciduria

Hyperargininemia
Mild

CPS-I

(OTC) Omithine
transcarbamoylase

Defective ornithine
transporter protein

Argininosuccinate
synthetase

Argininosuccinate
lyase

Arginase

Very high NH5 levels in blood. Autosomal recessive.Mental

retardation. Incidence is 1 in 100,000.

Ammonia level high in blood. Increased glutamine in blood,
CSF and urine. Orotic aciduria due to channelling of
carbamoyl phosphate into Pyrimidine synthesis. X-linked.

Failure to import ornithine from cytoplasm to mitochondria.
Defect in ORNT1 gene. Hyperornithinemia, hyperammonemia
and homocitrullinuria is seen (HHH svndrome). Decreased
urea in blood Autosomal recessive condition.

Autosomal recessive.inheritance. High blood levels of
ammonia and citrulline. Citrullinuna (1-2 g/day).

Argininosuccinate in blood and urine. Friable brittle
tufted hair (Trichorrhexis nodosa). Incidence 3/200,000

Arginine increased in blood and CSF. Instead of arginine,
cysteine and lysine are lost in urine. Incidence 1 in 100,000

Congenital urea cycle disorders

Reduced severity as intermediates accumulate (less toxic)



Disorders of Urea Cycle

* Brain is very sensitive to ammonia, { ammonia leads to:

 Ammonia will combine with a-ketoglutaric acid forming glutamate and glutamine 2>
* @ energy production by Krebs cycle in brain leading to brain damage

* 1 levels of glutamine = 1 osmotic pressure in the astrocytes = which become swollen
* + other mechanisms **Iags mechanismsd**
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* Since Citrulline is present in significant quantities in milk, breast milk
is to be avoided in citrullinemia

Child may be put on a low protein diet and frequent small feeds are given
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Jaball e breast milkd) aiad o 3 428y citrullined) S ¢ &5



**agal il B 5aaYU highlight lede (I (& aDklly dagal Ll

Hepatic Coma (Acquired Hyperammonemia)

- more common than heridetiry
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In diseases of the liver, hepatic failure can finally lead to hepatic coma and death
encephalopathy «uw (Sess . ammoniadl 2 330 ) 4 s (hepatic failure) 2SI Jidl end resultd) s2 hepatic comad)

Hyperammonemia is the characteristic feature of liver failure

The condition is also known as hepatic encephalopathy

Normally the ammonia and other toxic compounds produced by intestinal bacterial metabolism
are transported to liver by portal circulation and detoxified by the liver

* But when there is portal systemic shunting of blood, the toxins bypass the liver and their concentration
in systemic circulation rises
The signs and symptoms are mainly pertaining to CNS dysfunction (altered sensorium, convulsions),
or manifestations of failure of liver function (ascites, jaundice, hepatomegaly, edema, hemorrhage,

spider naevi) deathd) s 4l s edemad alis ,CNSle (oot ) JS3 il (yal 2 )

The management of the condition is difficult

* Alow protein diet and intestinal disinfection (bowel clearing and antibiotics), withholding hepatotoxic
drugs and maintenance of electrolyte and acid-base balance are the main lines of management



Fate of carbon skeleton of amino acids

* Ketogenic AA: produce acetyl coA or aceto-acetyl coA used in ketogenesis
* Leucine

* Lysine

* Glucogenic and ketogenic AA: can give both glucose & ketone bodies
* Tyrosine
* Phenylalanine
e Tryptophan
* |soleucine

* Glucogenic AA: rest of AA (14)
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Glycine — Threonine
Tryptophan — Alanine ~

Serine — Cysteine *L

| Stucosgpe——rer, ==

Tyrosine

phenylalanine

Lactate

e

Pyruvate

Oxaloacetate

I

Fumarate

Aspartic acid
Asparagine

Succinyl-CoA

T

)

Isoleucine
valine
methionine

| TCA-cy cle I

Carbon skeletons of the 20 AA are
channelled into 7 molecules only

: 4aa 7 moleculesd!
AcetyFCOA  1- pyruvate
2- oxaloacetate
3- alpha ketoglutarate
4- succinyl-CoA
5- fumarate
6- acetyl CoA
7- acetoacetyl CoA

Citrate

a- Ketoglutarate

FGIqtamic‘acid
glutamine — histidine
proline — ornithine

Glucogenic amino aclds ghive py ruvate or intermediate of Krebs' cycle arginine
All of which are transformed to ax aloacetate which can give glucose —
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* Understand how urinary ammonia secretion can be used to

help control acid-base balance.

# Renal acidification occurs primarily in the proximal tubule. Proximal tubular cells possess Na+/H+
exchangers that are responsible for the bulk of renal HCO3- reabsorption.

# When blood pH falls below 7.35, the kidney responds by increasing reabsorption of bicarbonate from

the urine. As blood pH rises toward 7.45, more hydrogen ions are released into the urine to return it to its
normal pH of 7.

# The urinary system utilizes two methods to alter blood pH. That is, excretion of hydrogen (H+) ions as
dihydrogen phosphate or ammonia and production and reabsorption of bicarbonate (HCO3-) ions.

# Urine is the primary route for the removal of ammonia from the body, so increased ammoniagenesis
leads to decreased urinary ammonia levels and thus improved acid-base balance. Ammonia is also
removed from the body through the formation of new bone via the process of osteogenesis. Thus,
increased ammoniagenesis helps to correct metabolic acidemia.



e Causes of increased and decreased urinary ammonia

# Increased ammonia levels are caused by : Acidosis / liver disease / Decreased blood flow to the liver /

hepatic encephalopathy / Reye’s syndrome / kidney failure / Genetic diseases of the urea cycle /
Hemolytic disease of the newborn.

# and it's Decreased in alkalosis, Low ammonia levels can be a result of high blood pressure or
consumption of certain medications.
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Lecture 28/8/2022 (integration of metabolism)
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From Harper 28th edition, chapter 16:

— Pathways that process the major products of digestion = 5min

— A supply of metabolic fuels is provided in both the fed & fasting states +
table 16.3 2 10 min

From Textbook of Biochemistry 7th edition, chapter 8; table 8.4
— Key enzymes under fed, fasting and starvation states (10 min) =

| will provide reference (via screenshots):
— Interconversions btwn CHO, protein and fats (10 min)



