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Introduction

- Nitrogen-containing molecules

. Wwunuaasuvoonsao:=olunaztdonalolna

« Amino acid metabolism

. nsao:oluniiuaoiwdoomsiu biosynthesis o:pnuh[UlBIdunkdaondooiu

. nsaa:=uluo=dooimsisuazmoaryo:olu udsdoasulasonmsSuou
(carbon skeleton) nikaoluiduaisdonaiolunisiwunuoasu
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Amino Acid Degradation

- Amino Acid Degradation: Overview

. nsaa:=ulutJuarsdolulananliomsazavlusiome

- Intracell_ular
. Judaunsdalensaa:=ilu p]tl
- msindoudneuazidakijo:ilu ety . Ao
- Wwnuoaduvav carbon skeleton Carbon
of i scids, l
nucleotides, and
biological amines
Carbamoy! a-Keto
phosphate acids

Aspartate-

arginino- Gitric
succinate acid CO, + H-50
shunt of 4 ATP

cycle
citric acid L
cycle

Urea (nitrogen Oxaloacetate
excretion product) l
Glucose

(synthesized in
gluconeogenesis)

FIGURE 18-1 Overview of amino acid catabolism in mammals. The amino groups and the

Dr Su panut Pairohakul carbon skeleton take separate but interconnected pathways.




Amino Acid Degradation

- Amino Acid Degradation (1)

a-amino acid doulkngoimsiekyo:olulugy a-ketoglutarate 1Wunacnwa
(glutamate) Kaoonuudonn oxidative deamination 1Ju NH,*

~00C

R

H
N —— NHg

*tHzN COO~ *tH3N COO~
Amino acid Glutamate

- 1ouls0nls Ao aminotransferase (transaminase) e.g. aspartate
aminotransferase kSo alanine aminotransferase

"HsN +*H3N

@) (@)
x )L Aminotransferase )L x
3 1 . 5 .

~00C R, ~00C Ra ~00C R, ~00C R>
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Amino Acid Degradation

- Amino Acid Degradation (2)

- [ulasioulu glutamate o=pniJasuidu free NH,* dosns:uoums oxidative
deamination ua:waanauldu a-ketoglutarate lkiidnaso

. 1oulsunls Ao glutamate dehydrogenase

- 010(8lano NAD* k3o NADP* 1Ju reducing power

*HsN

+
~00C coo-+ NAD" L h o0 —— -oocC coo- + , VADH

+ H* + NH,*
Glutamate (or NADP*) (or NADPH) 4

a-Ketoglutarate

. §1K%SU serine ua: threonine 9:=awisnifa deamination [alasaso
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Amino Acid Degradation

Amino acids from

ingested protein
Cellular Liver
protein
COO~ (|JOO‘
+
+
. . . mmaonia (as
Amino acids (EOO_ (‘JOO_ CAGEERS ammonium ion)
_ = I a-Ketoglutarate
(|3 0 B COO~ Ammeonotelic animals:
H | Alanine most aquatic vertebrates,
(|]H2 (\3 : Hgﬁ_C_H «——— from such as bony fishes and
CH, CH, muscle the larvae of amphibia
I | CH;
COO~ COO~
a-Ketoglutarate Glutamate
HsN—C—NH
v Cl"oo_ ? ” ’
Cc=0
NHI | Urea
CH;
Pyruvate Ureotelic animals:
many terrestrial
COO~ vertebrates; also sharks
|
+
H;N—C—H
| Glutamine
CH, from 0
(l?,H muscle I -
2 and C
| other HN \C/N\
C . o
N tissues | I C=0
O NH C. O~
2 7 N N
Glutamine 0 H H
Uric acid

Uricotelic animals:
birds, reptiles

(@ ® 6

+
NH,, urea, or
uric acid




Amino Acid Degradation

- Amino Acid Degradation & Urea cycle

. Jasdnszqndurdaokarssuad:imsiasutdugise (urea) NAUWIUININSYISY
(urea cycle) uazisendadnguisn ureotelic animal

0
a-Amino acid a-Ketoglutarate NADH + NH;* —— A
H, NH,
Urea
a-Ketoacid Glutamate NAD* + H,0
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Amino Acid Degradation

R— (If —CO00™
Glutamate 0
- . «a-Keto acid
s glutamate 3
NAD(P) dehydrogenase Il;ran(s;;mm(z;:eo_
H* + | NAD(P)H a-Ketoglutarate
carbamoyl Amino acid
phospha
synthetase
1 [
2 ATP + HCO3 + NH; —> H,N —C—OPO% +2ADP +P;
Carbamoyl phosphate
'yl phosp! o (f_ NH,
ornithine
transcar- NH
bamoylase P; |
(CHy)g
Ornithine HC—NHZ
I]\IH;' Citrulline COO~
(CHy)g Mitochondrion
— C—NH* -
H (]3 NH3 Cytosol < COO
CO0~ Citrulline CH,
Ornithi
L g Urea ., ATE HC—NH}
cycle argininosuccinate g
synthetase 7| COO-
AMP + PP; g
! Aspartate
C00~
sy "
Arg'lflmo- CH, NH,
succinate | . i
HC—N—C
| H |
CO0™ I\IIH
argininosuccinase <(|3H2)3
| HC—NH?
HC |
I COO~
(llH
COO~
Fumarate
H0 \i fumarase
+ +
(l.:oo_ NAD NADH | +H ?OO_
CHz \ /‘ CHz
| | Glu
CH—OH malate dehydrogenase Cc=0
|
COO™ CO0™
Malate Oxaloacetate

genesis

o H,0
Fumarate Arginine
Argininosuccinate Ornithine
Carbamoyl
Aspartate Citrulline phosphate
R—NH, 2-0;PO NH
3 \c Pk
MITOCHONDRIAL
CYTOPLASM MATRIX {"_")
+
L CO, + NH,4




- Jnonsyl1sy (Urea Cycle) (1)

- mssounuyao NH," na: HCO4 10u carbamoyl phosphate
- 91gMIsMIvIuYaY carbamoyl phosphate synthetase I (CPS I)

. 1nan matrix vavlulnaoulagy

T,) ATP  ADP (|?|) O 0O 2 NH; P; C|) ATP  ADP 2- Q\ /,0 ?

- A4 \/

P S AP A S o P~ O

HO o @ HO 0 0 @  Ho NH, G 0 NH,
Bicarbonate Carboxyphosphate Carbamic acid Carbamoyl phosphate
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Urea Cycle

- Jnonsy1s5y (Urea Cycle) (2)

- Carbamoyl phosphate Gmséhe carbamoyl group [Ugo ornithine 1fa
1Ju citrulline

- 1oulsun(s fe ornithine transcarbamoylase

. 1nan matrix vavlulnaoulagy

//O

H,N—C

(ﬁ 0) 2—- P;
H,N o) \ Ornithine *H3N COO-
0] transcarbamoylase
Ornithine Carbamoyl phosphate Citrulline
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Urea Cycle

- Jnonsy1sy (Urea Cycle) (3)

- Citrulline anagouigo cytosol ua=ina condensation sounu aspartate
inawdu argininosuccinate wnazgnisina ATP cleavage 1du AMP

- 01IMISiIvIUYoY argininosuccinate synthetase

4

H,N——C

AMP

ATP PP;

-00C H \\\g///f
+ S
3N COO~

COO~ +H Argininosuccinate

"H3N synthetase
Citrulline Aspartate / Argininosuccinate
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Urea Cycle

- Jnonsyl1sy (Urea Cycle) (4)
- Argininosuccinate inams cleavage 1Ju arginine ua: fumarate

- o1emisiiougavtaulsl argininosuccinase (argininosuccinate lyase)

/NHz
+ 7
H2 N-——= ,
“00C H
Argininosuccinase + I
v - H™ ™coo-
HzN CcOoO
Argininosuccinate Arginine Fumarate
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Urea Cycle

- Jnonsy15y (Urea Cycle) (5)
- Arginine inadinseilolaslaganaieidu ornithine nazgisy

. 1ouls0nls Ao arginase

a-Keto-
v acid
Carbamoyl Citrulline Aspartate
phosphate / acid
e Arginino- Figure 30.3 The metabolic context of
Onithine succinate Oxalojcetate nitrogen metabolism. The urea cycle, the

citric acid cycle, and the transamination of

ﬁ\\ / \ M'alate oxaloacetate are linked by fumarate and

Arginine Fumarate aspartate.
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Carbon Skeletons and Metabolites

Carbon Skeleton Transformation

. Carbon skeleton mifiadukacoinmdanya:oluvzawnsnasunduidunalaa
kSoo101ndindnsnsasasnla

. Carbon skeleton o1nnsaa:olundazstao:=awsnwasuldidu 7 luiana e

Alanine
- Pyruvate Cysteine
Glycine e
Serine eucine
* ACQtYl CoA Threonine | | Isoleucine Lysine
S Tryptophan | | Leucine P?em;lale;‘nme
Threoni ryptophan
- Acetoacetyl CoA \ Tryptophan Tyrosine
a-ketoglutarate Phosphoenol.  PYruvate
pyruvate Acetyl CoA Acetoacetyl CoA
« Succinyl CoA
- Fumarate Aspartate Oxaloacetate \
Aspartate
- Oxaloacetate Phenylalanine Fumarate Citrate
Tyrosine A
[ Arginine
Isoleucine Succinyl a-Keto- Glutamate
S CoA lutarat Glutamine
l\_?ﬁ:g)onq;lr;e 0% e BIUATAE Histidine
Valin:e Proline
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Amino Acid Synthesis

. ukaolulastounaznisadolulasiou

. [ulastouwuuinnaaluaime (Uszurtu 80%)
- msasolulasiou (nitrogen fixation) - 18 nitrogenase complex
- Reductase mii&ina high reducing power electron

- Nitrogenase (8a1dnasouniiagulusasd N, &idu NH,

Electrons from
reduced ADP
ferredoxin ATP

Reductase Nitrogenase
(Fe protein) (MoFe protein)
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Amino Acid Synthesis

. ukaolulastounaznisadolulasiou

- ms3anduvoy N, 1Ju NH; losundo:(8 6 didnasou

N, +6e + 6H" = 2NH,

- luszuudommwozimswaad H, 1nadu douuo:ls 8 d1anasau

N, +8e” + 8H" == 2NH, + H,

grandnaoiwawisnlumsasolulasiouldgo ozomslEwacoiu 16 ATP!

Cl

SNTES

N, + 8¢ + 8H" + 16 ATP + 16H,0 —
2NH; + H, + 16 ADP + 16 P,
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Amino Acid Synthesis

. msdotnsizinsaa:ilu (amino acid synthesis)

Oxaloacetate

4-I4

S VN N

Citric acid cycle

v
[ o-Ketoglutarate ]

Glutamate

PR B

Asparagine Methionine Lysine  Glutamine Proline  Arginine
Isoleucine
Glycolysis and
pentose phosphate Pentose phosphate
Glycolysis Glycolysis pathway pathway
v v v v
Pyruvate ( 3-Phosphoglyceratej Phosphoenolpyruvate [ Ribose 5-phosphate]
+
/ ‘ \ l' Erythrose 4-phosphate l'
Alanine  Valine Leucine / ‘ \ Histidine

Tyrosine Tryptophan

/N

Cysteine

Phenylalanine

Glycine
Tyrosine
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Amino Acid Synthesis

- Amino Acid Synthesis - Regulation (1)

- Feedback inhibition in linear pathway

. waoanungameo:lUgugo committed step fu pathway

Inhibited
by Z

v

A |y By D [ — 7
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Amino Acid Synthesis

Amino Acid Synthesis - Regulation (2)
- Feedback inhibition in branched pathway

« Feedback inhibition and activation

Threonine

l/ﬁreonine ~—

deaminase <+
Hydroxyethyl-TPP

Pyruvate 7 a-Ketobutyrate

Inhibition
Activation

+ € <€

deaminase. Threonine is converted into

a-ketobutyrate in the committed step, leading ‘
to the synthesis of isoleucine. The enzyme
that catalyzes this step, threonine deaminase,
is inhibited by isoleucine and activated by
valine, the product of a parallel pathway.

'
'
Figure 31.11 Regulation of threonine ‘
i

\

Leucine Valine Isoleucine

19
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Amino Acid Synthesis

- Amino Acid Synthesis - Regulation (3) Aspartate

A A A

1 2 3

- Feedback inhibition in branched pathway /7~ > & ® <--«

\ )/ Y
Aspartyl-B-phosphate

!

Aspartate 3-semialdehyde
B B

1 2
® <1
\

- Enzyme multiplicity

Inhibited by X

|
! o
Enzyme 1 >
A 2 = =

,___K__________
2%
®

/
|
|
=
<
),
>
I
By

Y

|
|
|
|
Enzyme 2 g Homoserine : |
|

|
| . S |®< 1
| I Loy
Inhibited by Y | 3steps l o
\ I |
~1Methionine : : :

|
Th i _/l__./’_ ./I

FIGURE 22-24 Interlocking regulatory mechanisms in the biosynthesis [l

C C

1
> @

of several amino acids derived from aspartate in E. coli. Three enzymes 5
(A, B, C) have either two or three isozyme forms, indicated by numerical
subscripts. In each case, one isozyme (A, B, and C,) has no allosteric
regulation; these isozymes are regulated by changes in the amount of
enzyme synthesized (Chapter 28). Synthesis of isozymes A, and By is

repressed when methionine levels are high, and synthesis of isozyme C;

Y
a-Ketobutyrate

|
|
|
|
: 5 steps
|

Dr Supanut Pairohakul B, homoserine dehydrogenase; C, threonine dehydratase. N> _1soleucine e - ————— Y,

is repressed when isoleucine levels are high. Enzyme A is aspartokinase;




Amino Acid Synthesis

Amino Acid Synthesis - Regulation (4)  [Glutamate |

- Feedback inhibition in branched pathway ./"NH3
glutamine
- Cumulative feedback inhibition L
- Example: glutamine synthetase P

ADP
Glutamate -

Dr Supanut Pairohakul

Glycine

@ «
® Alanine
®
@

Y

®

=

il
| §
|

|

|

|

|

|

|
2}
: |AMP4—-{ Glutamine r———oCTP
|

|

|

|

|

Tryptopha/ \Hlstldme

Carbamoyl phosphate Glucosamine 6-phosphate

—

FIGURE 22-8 Allosteric regulation of glutamine synthetase. The
enzyme undergoes cumulative regulation by six end products of gluta-
mine metabolism. Alanine and glycine probably serve as indicators of

the general status of amino acid metabolism in the cell. 1




Nucleotide Metabolism

. msdonsiziuonalolnd (Nucleotide Biosynthesis)
- msdvinsiziuonalolnaudosanidu 2 ngu fo
. de novo pathway doinsiz501n simpler compound uasluigaulslua

- salvage pathway doinsizslasasouu ribose-based molecule

DE NOVO PATHWAY SALVAGE PATHWAY
Activated ribose (PRPP) + amino acids Activated ribose (PRPP) + base
+ ATP + CO, +.... l
l Nucleotide
Nucleotide

. deoxyribonucleotide 1iao1n reduction vov ribose uanwwnidu nucleotide uas
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Nucleotide Metabolism

- Pyrimidine (Nucleotide) Biosynthesis

Cl

arsdodumsdoinsiziildu HCO4, aspartic acid uazuouluiis
. gucaumsdolnsizk pyrimidine nucleotide biosynthesis (1)

- ms&oinsizk carbamoyl phosphate 91n HCO5 uazuouluide
91FgNIsNIvuYa0 carbamoyl phosphate synthetase II (CPS II)

NHz from
o ATP  ADP o 0 Gln P+ Glu o
- \/ I i 2- \/ |
o T Ao RN
HO HO 0 0 HO NH;
Bicarbonate Carboxyphosphate Carbamic acid
ATP ADP 0
0] | )
J NIZANs
o—~
HO™ NH; o~ 07 Nk,
Carbamic acid Carbamoyl phosphate
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Nucleotide Metabolism

- Pyrimidine (Nucleotide) Biosynthesis
. gucaumsdolasizk pyrimidine nucleotide biosynthesis (2)
. carbamoyl phosphate o:1asuidu orotate

. 1oulsun(s fe aspartate transcarbamoylase (ATCase) uas
dihydroorotase chuaidu

i
0 Aspartate  P; C
: 0 7N
-] \_/ N “NH,
C =
O s ey 00C _
0/ 0 NH Aspartate coo
transcarbamolyase H
HH
Carbamoyl phosphate Carbamoylaspartate
(“) (”) NA_|I_)H (“)
C H* H,0 C NAD* H* C
AN N\ HN NH \ HN NH
"00C~—| coo- | "00C~— ki,
H H 0 ~00C 0
H H HH H
Carbamoylaspartate Dihydroorotate Orotate
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Nucleotide Metabolism

- Pyrimidine (Nucleotide) Biosynthesis
. gucaumsdolasizk pyrimidine nucleotide biosynthesis (3)
. Orotate o:[uinaufnsenu PRPP 1nawdu orotidylate

. 1oulsun(s fe orotate phosphoribosyltransferase

)
HN
A\ i
0 HN
0 N c”
H (\) - PP; 0] /
2~03POH,C N
Orotate 4 T 0
C—=0
+ o
2-0POH,C o "0 00 O
P/ \ / (> HO  OH
O/ \ ~o Orotidylate
HO OH
5-Phosphoribosyl-1-pyrophosphate

(PRPP)
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Nucleotide Metabolism

2-03POH,C - mp - OsPOHC 0 0
© N / ° \/ \/ .
OH PRPP 0/ \ - \0
synthetase
HO OH HO OH
Ribose 5-phosphate PRPP
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Nucleotide Metabolism

- Pyrimidine (Nucleotide) Biosynthesis
. gucaumsdolasizk pyrimidine nucleotide biosynthesis (4)
- Orotidylate 1ha decarboxylation 1Wu uridine monophosphate

. 1oulsun(s fe orotidylate decarboxylase

0O O
HN HN
H* co
O:< 2 O:<
2_O3POH2C 0 N / \ / 2_O3POH2C o) N /
Orotidylate H
/C——O decarboxylase
O/ —_
HO OH HO OH
Orotidylate Uridylate
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Nucleotide Metabolism

- Pyrimidine (Nucleotide) Biosynthesis
. gucaumsdolnsizk pyrimidine nucleotide biosynthesis (5) - CTP

- Msavinsizk cytidine triphosphate o=inaown UTP (uridylate
triphosphate)

Gln + H,O

o) H>
HN—g l\‘ Glu N—
O:< NH3 O:<
+0;P0sPOsPOHC N / \ 4-0;P03P0O3POH,C N /
7\

ATP ADP
+

Pi
HO OH HO OH
UTP CTP
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Nucleotide Metabolism

- Purine (Nucleotide) Biosynthesis

- MsdolAsizik de novo d=adrenu pyrimidine udo:sudulugucauniianu
ribose 1Jukannau lagordeauaulsd glutamine phosphoribosyl
amidotransferase (committed step)

2-05POH,C 0 ()\\_/0 \ / /l‘DPi 2-03POH,C 0 NH,
2—
0/ \ ~ \ /
HiN  H,0
HO OH + — + HO OH
PRPP Glu Gln 5-Phosphoribosyl-1-amine
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Nucleotide Metabolism

0, Glycine

Aspartate  C N'°-Formyl-
\>|T| 76 \SC”’I-\,I\ thhydrofolate
8C
/'CZ\IEI jc\ﬁé_.__— Glutamine
N'°-Formyl-

tetrahydrofolate ~ ribose-P
Purine

Glutamine ring
structure

;

IMP

b

ATP GTP to RNA

v v

dATP dGTP to DNA

Figure 32.4 De novo pathway for
purine nucleotide synthesis. The origins of
the atoms in the purine ring structure are
indicated.
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Nucleotide Metabolism

I C
ATP  ADP 2 ADP H™ >~ H
+ + NH* I H O H + N
Gly P; H \ THF~H  THF " LA H |
N CH, ./ N CH N
P-ribose-NH, LL» P-ribose” \ﬁ/ P-ribose” \ﬁ/ 2 P-ri bose/ E
0 0 H:N  H,0 “H
Phosphoribosyl- Glycinamide Formylglycinamide te—+ Formylglycinamidine
amine ribonucleotide ribonucleotide Glu Gln ribonucleotide
ATP
@ ADP
ATP ¥
+ Pi
H H ADP (I) H
‘c=—N ‘C:N + /é‘_\j “c=N
/ \C 0 [\ . p, Ho © \ -
N ~c?_ N ~H N ot
I~ ) e 5 / ~_ 7
P-ribose/ ‘C 7 \0 «—— P-ribose (|3 7 ® P-ribose/ (|3
0
NH HN v NH
ATP ? —~c_ 2
+ Carboxyaminoimidazole \0 5-Aminoimidazole
Asp @ ribonucleotide ribonucleotide
ADP
+
P 0ocC H
- 0 - o]
Hen Ol H coo He—n |C Heo_n
[ 0 Fumarate [\ o mEH [ e 0
N 7~ CH f N 7~C 5 /j N
. ™~ 2 . . ~
P-rlbose/ c \ / P-nbose/ ¢ \ P-ribose - 4 \
| N—CH @ | NH, | y NH2
NH, -0 NH» HN\(I:
0 - o
5-Aminoimidazole- 5-Aminoimidazole- 5-Formaminoimidazole-
4-(N-succinylcarboxamide) 4-carboxamide 4-carboxamide
ribonucleotide ribonucleotide ribonucleotide
. . H20
FIGURE 25.6 De novo purine biosynthesis. (1) Glycine is coupled to the amino group of H. N
phosphoribosylamine. (2) N'0-Formyitetrahydrofolate (THF) transfers a formyl group to the amino (= \ o
group of the glycine residue. (3) The inner amide group is phosphorylated and converted into an l\{ C_
amidine by the addition of ammeonia derived from glutamine. (4) An intramolecular coupling Pribos e/ \C/
reaction forms the five-membered imidazole ring. (5) Bicarbonate adds first to the exocyclic \ NH
amino group and then to a carbon atom of the imidazole ring. (6) The imidazole carboxylate is N c/
phosphorylated, and the phosphate is displaced by the amino group of aspartate. (7) Fumarate H
is released. (8) A second formyl group is donated from N/'O-formyltetrahydrofolate (THF).
(9) Cyclization completes the synthesis of inosinate, a purine nucleotide. Inosinate (IMP)
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Nucleotide Metabolism

-00C H
NH,
N N
Z - Co0" ~ A\
GDP ; / N
+ N umarate N
GTP  p /{//
A"' ' P—ribose/ / P—ribose/ N—
0 1Y Adenylosuccinate Adenylate (AMP)
N
<;7
/ NH
NN
. 0 0
P-ribose N— N N
Inosinate = ATP (
NAD* \ / NH atp pp N / NH

+
H,0 NAJPH P—ribose/ N/< \/ P—ribose/ N///<

& H o [/ NH,

Xanthylate HsN  H,0 Guanylate (GMP)
+— +
Glu Gln
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Nucleotide Metabolism

- Deoxyribonucleotides Biosynthesis

—

- Msavinsizik deoxyribonucleotides d:=1nao1nSansuyav ribonucleotides
2’-hydroxyl group o:=pnunundsslslasioua:zceuoin NADPH

. 1oulsunld do ribonucleotide reductase

Ribonucleotide

Ribonucleoside diphosphate + NADPH + H™* reductase
deoxyribonucleotide diphosphate + NADP™ + H,0

ADP GDP CDP UDP

Products of

Rlbonucleotlde reductase ribonucleotide
reductase

dADP dGDP dCDP duDP

Further processing
l l l 1 yields dNTP

dATP dGTP dCTP TITP
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Nucleotide Metabolism

/SH S SH
/ Ribose
NADPH + H* FAD TR T\ RR it
SH S SH
/S /SH /S
NADP™* FADH, TR T RR Deoxyribose
\\ \\ \\ unit
S SH S
I || | | |
Thioredoxin reductase Thioredoxin Ribonucleotide

(TR) (T) reductase (RR)
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Nucleotide Metabolism

ON_ o-
W
0} 0]
3-05P0sP~ base 3-0,P05P~ o base

/\S/H

H

0
— — ~H
® 0) 0

FIGURE 25.11 Ribonucleotide reductase mechanism. (1) An electron is transferred from a
cysteine residue on R1 to a tyrosine radical on R2, generating a highly reactive cysteine thiyl
radical. (2) This radical abstracts a hydrogen atom from C-3’ of the ribose unit. (3) The radical
at C-3' releases OH~ from the C-2" carbon atom. Combined with a proton from a second
cysteine residue, the OH™ is eliminated as water. (4) A hydride ion is transferred from a third
cysteine residue with the concomitant formation of a disulfide bond. (5) The C-3' radical
recaptures the originally abstracted hydrogen atom. (6) An electron is transferred from R2 to
reduce the thiyl radical, which also accepts a proton. The deoxyribonucleotide is free to leave
R1. The disulfide formed in the active site must be reduced to begin another cycle.
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Nucleotide Metabolism

- Nucleotide Biosynthesis - Regulation
- Pyrimidine biosynthesis regulation
. Aspartate transcarbamoylase (ATCase) 1Julaulsiosannnaounu

. i CTP iWuwinozia negative feedback control udiig ATP o=
NS=uUNISdVIASIzKINU

© |
Aspartate ATCase
+ —— carbamoylaspartate - - — UMP — UDP — UTP — CTP
carbamoyl phosphate ® 1
ATP
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Nucleotide Metabolism

- Nucleotide Biosynthesis - Regulation

- Purine biosynthesis regulation

Pyrimidine
Histidine nucleotides

N\ /

Ribose ; I Phosphoribosyl-
5-phosphate { PRPP ‘ amine
Inhibited
by IMP, AMP,
and GMP
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Inhibited
by AMP
\ Adenylo-

succinate

4
/ Xanthylate

Inhibited
by GMP

=P IMP

=P AMP

= GMP
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