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1. adulan1staauarn1sgAtunsAiIAfan e
2. Purine metabolism
2.1 Biosynthesis
- yandadrssudunazian lmifdAoaansruInn1sdaasIei purine LY de novo
61
- a5U18N19AIVANNISFESY purine nucleotide wuu de novo e

- yangalau luduarnssuluni1sdutasieyi purine ribonucleotide 21n salvage
pathway 16

2.2 Degradation

- 5U18AINUFNWNUSTENINNNSTELIUNTITERE purine Lazn1siAaNIALaN

- adunadunuaINIIY hyperuricemia wazaauFUWUSAUTSA uric stone War gouty
arthritis 1a

- adunana lnnsaangnivavan allopurinol lun135n¥1n17e hyperuricemia
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3. Pyrimidine metabolism
3. 1 Biosynthesis
- UanFad15 IR UADINTELIUNISFILATITTIIUUIU pyrimidine wuy de novo
1o
- vandaawlminaradunan15d9As1e1i pyrimidine ribonucleotide 370
salvage pathway 1a

3.2 Degradation
- aSunuAIuFUNUSTEUIIN9dEAE pyrimidine Larn15IARFITAINAN
WAV

4. aSurunszuIun1sdILAs1ei deoxyribonucleotide e

5. aduranannisled nucleotide analogue uay antifolate 1flueiadl
1iniala
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Nuclease

Nuclease

. AMNEUDIU
AMNCUDODIU DNA RNA
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Deoxyribonuclease Ribonuclease N Ry

Polynucleotide efoanla

Phosphodiesterase
(polynucleotidase)

Nucleotide

Biosynthesis process Nucleotidase

Nucleosnde] + [Phosphate]

Nucleosidase

Nbase + [Ribose/Deoxyribose]
Degradation process ‘




—  Nucleotide metabolism -~

Purine
& Biosynthesis < A,G N15AIUANNITHIN

Pyrimidine |” (feedback regulation)

o De Novo pathway C,UT :

o Salvage pathway

Fty sronudarsaefiawn: ribonucleotides udTRodRonitn
deoxyribonucleotides Touifia reduction fidnunwe 2° (andiowle)

Purine

= Degradation < oL
Pyrimidine



Biosynthetic pathways of purine and

pyrimidine ribonucleofides
nnan MNAu

DE NOVO PATHWAY

SALVAGE PATHWAY
Activated ribose (PRPP) + base

|

Nucleotide

Activated ribose (PRPP) + amino acids
+ ATP + CO, +...

|

Nucleotide

@ inen Nt Asietluemnsnsons

@ AAs Huasesdulunisdoiaszd NTs stiudsluradanlilug (recycling)

@ Cell Amaadiule (growing cells) @ Cell Tuszazyin (cells at rest)

Cell usiazsiialuusiazaniaz a1audonld Pathway Auanereiulunisdoiasisyt

nucleotides 1y Adulduuu De novo




— Biosynthesis of purine ribonucleotides

De Novo Pathway = q15696u Ao PRPP

o 411 Juseu
W fielu cytoplasm

@ Major site ¥@9 purine synthesis A 6iu

COq

Aspartate i / Glycine o
=

N°,N'°-Methyl-
tetrahydrofolate

C <«

John Buchanan

N°,N'°-Methyl-
tetrahydrofolate

Amide N o
of glutamine
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Biosynthesis of purine ribonucleotfides

De Novo Pathway

—CH,
Step(D Product vav pentose H H
phosphate pathway
upAsIAILAX OH OH  Ribose-5-phosphate
PRPP synthetase @K ATP
P—0—CH, O AMEI

N/ o—®—®
5-Phosphoribosyl

OH OH 1-pyrophosphate (PRPP)
M PRPP Glutamyl Glutamine
amidotransferase | -
RO d oo hz:) Glutamate
UAAZ8BNUTNAULNZY PP,

\Hu rate-limiting step s
gnffudeuuudaunduls (P—0—CH,_O NH,
(feedback regulation) H H 5-Phospho-g-

p-ribosylamine



Biosynthesis of purine ribonucleotides

De Novo Pathway
© PP, ATP  ADP+P

glutam ate N"-formyl-THF  THF

glutamine

Steps 2 -11

fum arate

ADP +P,

Nucleotide m

//fAn{J/ﬂf‘) uvu

ADP + P,

amidotransferase

N"-form ylk aspartate
0
m glutamine-PRPP

adenylosuccinate
Ri)ose-S- B=

IMP = Inosine monophosphate oo lyase

http://themedicalbiochemistrypage.org/purinesynthesis.jpg

5 ATP
2 glutamine
1 glycine
1cCo,

1 aspartate
2 formate
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GTP

GDP + P;

Aspartate

adenylosuccinate
synthetase

NAD™

NADH +H*
IMP

dehydrogenase

/J\,,N

3\ > \
= ,rx > adenylosuccinate R >
N N

Xanthylate

(XMP)

anga

GM

=
©
©
3
=i
=
©

W

Fumarate

S

N lyase |
| Rlb ) Rib }—@
Adenylosuccinate

Glu 'ATP AMP + PP;

\d/ \__/

XMP-glutamine .
amidotransferase

Lehninger, Principle of Biochemistry Nelson and Cox, 4t ed0
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N15d519 diphosphate waz friphosphate

#3519 diphosphate form : Adenylate kinase was Guanylate kinase

#3519 friphosphate form : Nucleofide diphosphokinase

AMP GMP
Adenylate kinase l \l' Guanylate kinase
ADP GDP

Nucleotide diphosphokinase

\ 4
ATP GTP

Y
Qs

nnduaeuld ATP (ludalsingwosne
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Ribose-5-phosphate (R5P)
‘ Phosphoribosylpyrophosphate synthetase
(PRPS) or PRPP synthetase
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4 amidotransferase = | (@B -------nemeemeeeeeceaeaaae

L

5-Phosphoribosylamine

!

‘L 9 steps

L]
i e e P e e S .

’,*‘. synthetase L l ‘ ______ .

Adenylosuccinate XMP
L ©

!r Adenylosuccinate Inosine monophosphate (IMP)----------=cnccunnn-
GMP

L # -
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Biosynthesis of purine ribonucleotides

Salvage Pathway :‘

o

Base + PRPP ) nucleotide-5"-monophosphate

enzyme Nd1@ ty 2 %A : Adenosine phosphoribosyltransferase (APRT)
Hypoxanthine-guanine phosphoribosyltransferase (HGPRT)

APRT

Adenine + PRPP > AMP

Guanine + PRPP } — GMP
>

Hypoxanthine + PRPP IMP
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Degradation of purine nucleotides

NH
GMP IMP 4 N amp
_ adenylate dearninase
ld— nucleotidases ——
_ l NH
Guanosine Inosineq Tom Adenosine

adenoszine deaminase

li— nucleaside —Ir
phosphorylazes

Guanine m m Hypoxanthine
b\‘ z ,Hal catabolism
NH :{anthme oxidaze in human

H m xanthine u:-:-cc1'-:|-a|5-e-.P m
b f’f "
o 0z ,Hy0 \ &

End product
of purine

H

Xanthine Hol ric acid

http://library.med.utah. edu/NetBlochem/pupyrlpp htm



N192 Hyperuricemia waz Gout :

abnormal purine degradation

{ Hyperuricemia

R Acute gout }%[ Chronic gout }

e 9192 hyperuricemia Ao n1azfdiszéu uric acid ludeaurnnda
7 mg/ml

o dUOUANYDI hyperuricemia A» AINEGUNEYD9 purine
metabolism (#5179 uric acid 7 waziinsdans 79 N1599N31N
fa‘wom&l\;)

o 2afiaanaNutiaundvestoulrsd $u 91e HGPRT 13e PRPP
synthetase Mn9ruunly

o aywilsifl enzyme uricase (uric acid =2 allantoin) Segipedu

sonmaladudulng 15



N19¢ Hyperuricemia waz Gout :

abnormal purine degradation

_Q’ij'aa‘[sm gout

Purine degradation

41 WL
gna?”
/‘&nc acuds)‘

fueenmedldazldtiouas

deauludon

(1@ monosodium
urate crystals
usually in
cartilages, fissues

around joint)

Inflammation
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~ Uric Acid

~ Crystals
In Big

Toe Joint

Monosodium urate crystals

http://www.gout-site.com/Gout_dyn.jpg

httpzwww.whathealth.com/goutpictures html 15
http://mww.myfootshop.com/images/medical/ortho/urate_crystals_mod.jpg


http://www.whathealth.com/gout/picture-1.html
http://www.whathealth.com/gout/picture-2.html
http://www.whathealth.com/gout/picture-3.html
http://www.whathealth.com/gout/picture-4.html

i - NH
GMP IMP < \- - AMP
: adenylate deaminase
14— nucleotidases ——
+
. v NH4
Guanosine Inosine ¢ L3, Adenosine

l . hiclecside , adenosine deaminase

phosphorylases

0
A hypoxanthine
analogue and a
competitive inhibitor of
xanthine oxidase

Gu

Hypoxanthine
H

2 ,H0

nthine oxidase

/ NH; D\‘
Hz02

I 0 0
HN,.-"Ml N Hm xant se Hmo-
QN H’pl o” WH 03 ,H . G

H Xanthine Hp0, Uricacid N

Allopurinol 18



Biosynthesis of pyrimidine ribonucleotides

De Novo Synthesis

A9 RIUNTUAUNOAINFITAUNUA:

CO,, ﬂs@@:a‘ﬁuﬂg\mﬁug NSOLDANITNN

-----------------

Glutamine ,
B ij;:{f,"
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Biosynthesis of pyrimidine ribonucleotides

De Novo Synthesis

CO, + Glutamine + 2 ATP
UMP (Uridine-5’-

Cﬁtrbarrrllotyl 2 ADP + glutamate + Pi monophosphate)
phosphate _
synthetase II Orotidylate CO,
(CPS II) In cytoplasm decarboxylase
NH,
Carbamoyl | OMP (Orotidine-5'-
phosphate ,;,ac\ monophosphate)
-2
0  0OPOg PRPP
A Orotate
Aspatate spatate phosphoribosy!
transcarmylase transferase
(ATCase) <€—— Rate-limiting step In mitochondria -
Pi
(o0 H,0 NAD* NADH +H*
N H 2 Cl'E HN I
2 1
N-Carbamyol - //Cx.
aspatate Jc - HCH -C00 coo™ ’P ™N
Dlhydroorotase Dlhydroorotate
Dihydroorotate dehydrogenase Orotate 20
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Biosynthesis of pyrimidine ribonucleo’rides>/

De Novo Synthesis

Kinases

CTP synthetase

utpP

HN
D)\N

||Qi|;.;.se 5-P-P-P CTP synthetase

Glutamine Glutamate
>—< » Nﬁ CIP
ADP + P, u)\

NH ,

|
Ribose 5-P-P-P

/21



Regulation of pyrimidine nucleotfide synthesis

E.Coli CO, + Glutamine + ATP CO, + Glutamine + ATP Animal
pyrimidine ! & e " pyrimidine
biosynthesis Carbamoyl phosphate | I / ( =i biosynthesis
I ] ll.I
PO > ;2 1Carbamoyl phosphate = |
# # =T =
;l' |¢:| -.q -------- & ‘_‘E E
i Carbamoyl aspartate i Carbamoyl aspartate :--i E
] << |
i Dihydroorotate i Dihydrihomtate E
E l Orotate ’,':
g1 Ol pppp £ |~ PRPP----
= 2
= OMP 2 OMP
= ¢ 5 S
5 UMP 1 --UMP
i | . ,
i UDP S U]fP
i UT¢P - UTP
- CTlP CTP
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Biosynthesis of pyrimidine ribonucleotides

Salvage pathway

n15d519 pyrimidine nucleotide laanséeten free base an
WITUTeaINNStivedaa e nucleic acid melluras

Uracil
: phosphoribosyl :
Uracil + PRPP —transtease=— UMP+PPi
(UPRTase)

WE Thymidine
Thymidine + PRPP —X—="=» TMP+ADP

NANLINN IUEOILRDIANGA am,%\l
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Deoxyribonucleotide biosynthesis

I I
CH, Base ribonucleotide CH, Base

reductase O

dNDP
OH H

SH S N
reduced thioredoxin: thloredoxm:é oxidized
SH

thioredoxin
reductase

NADP* NADPH + H” 2




* S . .
PPO-CH Base Ribonucleotide *PPO-CH Base
' reductase
DH(OH
NDP dNDP

ADP, GDP, UDP, CDP
(Nucleoside diphosphate)

e Ribonucleotide reductase 1"1?1%?’]’13
GRAN deoxyribonucleotide ‘I’lﬂ"ﬁﬁ@

+ LAY balance TWN1T&I9 dNTP

Y/
w

NS O A N~

dADP, dGDP, dUDP, dCDP

. Nucleotide
diphosphokinase

PPPO-CH

Base
iH H

dATP, dGTP, dUTP, dCTP
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Biosynthesis of thymidilate (dTMP)

i liitlu W
. deoxy Wadns
CDP dCDP > dCTP
nucleoside
ribonuclectide T e
o diphosphate J deaminase
reductase _
kinase
UDP > dUDP > dUTP
Enz 2 sfiefiiusios : TUTPs
LERY i
thymidilate synthase waz
dihydrofolate reductase 4 dUMP N\
HH, 0 0 thvmidvlata
| I i VTN 1AL
C c C : :
e . l synthase
N < I e 7oy M
thgsme Thy#line Ur::cil dTI\']P

J
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Nucleotide
analogue

Hﬂf\jF Anticancer a(ruﬁs :
o)\g 5-'1\ inhicb it DNA synf/:es[s
5-Fluorouracil

‘ _ humjnadina
‘ wasuiilu Deoxy

N N NHZ
‘ N ~
— R i '\EHz/' N
NH .,

dumpP F-dUMP dTMP Aminopterin
N~_-N~_ NH2
@ LY
Thy R CHy N .
synthase ”
NsN,,methylene dihydrofolate Methotrexate
i, folate NADPH+H* Antifolate

Dihydrofolat

reductase %
NADP* Methotrexate /
H, folate Aminopterin

27



Degradation of pyrimidine nucleotides

W 0 0 PR L
4 4
0" N 0" N 0" N 0" H
Cytosine Uracil Thymine 5-Methylcytosine

|
l
|
I
I
I
I
HADFH + H j +—— Ring r‘le--:luctmn —pk MADPH + HY
MADFPY [ MADPT
I
I
I
I
|

0 4
+—1. Ring opens

+ L
—2. L0+ i'JH4 released —

H .o H- EHE—EHE—EDDHI H 2 N-CH 5 -CH-COOH

@ta alam@ CHz
(ta aminoisobutyrate >




Products from pyrimidine nucleotide degradation

|3 ~amino-isobutyrate

Succinyl CoA>

Kreb’s cycle
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d51

- tioe) Nucleic acid Tna Nuclease 2 wila fia ribonuclease (daa RNA) waz
Deoxyribonuclease (¢iner DNA) anntiugneaalne phosphodiesterase 1lailnadla
ne Fegntiaasianie nucleotidase Tl phosphate iax nucleoside §aiine
nucleoside =ndad1ny nucleosidase Iunanalilu Un1a was LWd WA ldaIu
GlﬁﬂJyL‘ll’]ijﬂ‘i”U’Juﬂ’l‘iﬂa’]ﬂ UMFIULINTLUIUNTTIATIENI

- NMsFILATIITIAATa NG & 2 uwuufa De novo pathway (3d4an) was salvage
pathway (AnNAU)
- Purine synthesis

- De novo pathway :
- 519911 amino acids war PRPP 1na multistep process

- Indulunszuruns cell proliferation
- inszurun1sAILANNISESN (feedback regulation)
- nucleotide ALsnNnaaN Aa IMP Fvazgnidasuliifiu

AMP,GMP
- Enz: PRPP synthetase, PRPP glutamyl amidotransferase

PRPP + glutamine + glycine + formyl-THF + aspartate + CO, + some ATP

.

Purines



d51

- Purine synthesis
- Salvage pathway :
S deudddssvdaiinaaTa Inaf ldang1saiuisundaiasizil
- 3tulunszuaunis nucleotide metabolism/cell at rest
- Enz AidAgy leun APRT, HGPRT

- Pyrimidine synthesis
- De novo pathway
- #156v6U Aa CO,, Glutamine, ATP
- Precursor mmﬂmﬂa UMP
- Enz mﬁﬁﬂmwmﬂeﬁum i CPS Il, ATcase, Dihydroorotate,
CTP synthetase 1Tusiu

Glutamine +CO, + Aspatate + PRPP + some ATP |:> UMP |:> UTP + CTP

- Salvage pathway:
- daud pyrimidine 3dvassilval intasunludnsiiavgnaiau
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* N13da78 Nucleotide |
- Purine degradation 2¢'le waste product fa uric acid svalUgurauunniinlu
TIN8LEENTIT A1E hyperuricemia lazttludunwuadnisiinlsa gout

- 11il5n¥1T5A Gout fa Allopurinol T analogue wav hypoxanthine

- Pyrimidine degradation a¢'lfazgdalataasdngilalaie (Tud1s Intermediate
luindInstasud

* N15aLA91E1% deoxyribonucleotide
-Ribonucleotide diphosphate 1daaulilu deoxyribonucleotide diphosphate e
ribonucleotide reductase

- dTMP &51931n dUMP (Tlu pathway Riduild folate, thymidylate synthase,
dihydrofolate reductase

-lau 13l thymidylate synthase (tutihuunaaavaaiivingda ngu pyrimidine
analogue : fluorouridine (5-FU)

- lau L1 dihydrofolate reductase (ilulilvunaaavaaitingea ngu antifolate :
methotrexate, aminopterin



DE NOVO SYNTHESIS

Ribose-5-P
or @}

PRPP

PRPP amidotranferase \l’

SALVAGE SYNTHESIS \l,

|

GMP < - > IMP—— > AMP

| v

Guanosine HGPRT Inosine €— Adenosine APRT

X X I~ preP

Adenine

Guanine Hypoxanthine

| PRPP \l, Xanthine oxidase
> Xanthine

Xanthine Oxidase

Uric acid
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