Poruchy metabolismu purinu a
pyrimidinu
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Nukleosidy, N-glykosidova vazba

baze + ribdza (deoxyribdza)

NH,

B-Glycosidic linkage ( / \

HO 0O

HO OH

RNA: adenosin, guanosin, cytidin,uridin
DNA: deoxyadenosin, deoxyguanosin, deoxycytidin, thymidin
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Nukleotidy

baze + ribdza (deoxyribdza) + k. fosforecna o )
deoxyguanosin-3"-monofosfat
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fosfatovymi skupinami



Adenosin-5"-trifosfat (ATP)

NH,
- N
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5'-ATP

trifosfat pripojeny k cukru na C5’ adenosin pripojeny k cukru na C1’



Ribonukleotidy

* N-glykosidova vazba

* esterova vazba

*

Obrdzek je prevzat z u¢ebnice: Devlin, T. M. (editor): Textbook of
Biochemistry with Clinical Correlations, 4th ed. Wiley-Liss, Inc.,
New York, 1997. ISBN 0-471-15451-2
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Rozdilné cukry v RNA a DNA
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Purinové a pyrimidinové nukleotidy

nezbytné pro vSechny bunky

hlavné 5-nukleosiddi a trifosfaty
ribonukleotidy: celkova koncentrace pomérné
konstantni (mM), meéni se jen jejich pomeér
(nejvice: ATP)

deoxyribonukleotidy: hladina zavisi na
bunééném cyklu (uM)



Rozdéleni nukleotidu

purinové: obsahuji adenin, guanin, hypoxanhin
nebo xanthin

pyrimidinové: obsahuji cytozin, uracil nebo
thymin

ribonukleotidy (obsahuji ribozu)

deoxyribonukleotidy (obsahuji deoxyribozu)

> vznikaji redukci ribonukleosid difosfatu (NADPH)




Vlastnosti nukleotidu

* silnd absorpce UV zdreni (260 nm)

 puriny méné stabilni v kyselém prostredi nez
pyrimidiny

* poldrni koncové fosfatove skupiny

> ndzvy: adenylat nebo kyselina adenylovi,...



Struktura DNA a RNA

3’-to-5'fosfodiesterova vazba
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Struktura DNA retézce

A C G
3 3 5

N\

OH

5/ 5/ 5/

5’-konec, pripojeni fosfatu 3’-konec, volna hydroxylova skupina

13



Cytosine

Guanine
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Nukleotidy v metabolismu

1) energeticky metabolismus
ATP - hlavni biologicky prenasec volné
energie - ,energetickd konzerva™
(30 kJ/mol / odstépeni fosfadtu)

> fosfotransferasové reakce (kinasy)
> svalova kontrakce, aktivni transport

2) monomerni_jednotky RNA a DNA
> substraty pro syntézu: nukleosidtrifosfaty




Analoga bazi a nukleosidu se pouZivaji jako cytostatika
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Figure 33-12. Selected synthetic pyrimidine and purine analogs.

Obrdzek prevzat z knihy Harper’s Illlustrated Biochemistry 26™ ed./ R.K.Murray; McGraw-Hill Companies, 2003, ISBN 0-07-
138901-6.



3) mediatory metabolickych procesu, druhy
posel

cAMP, cGMP (,druhy posel™)
NH,

0
S,

Cyklicky
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0
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O - @ OH Obrdzek prevzat z

http://www.benbest.com/health/cycAMP.qif
(leden 2008)



http://www.benbest.com/health/cycAMP.gif

4) souéasti_koenzymdi
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Obrdzky prevzaty z http://Ixyang.myweb.uga.edu/bcmb8010/pic/NAD+.qif a
http://oreqonstate.edu/instruct/bb450/stryer/ch14/Slide26.jpg (leden 2008)



http://lxyang.myweb.uga.edu/bcmb8010/pic/NAD+.gif
http://oregonstate.edu/instruct/bb450/stryer/ch14/Slide26.jpg

5) aktivace intermedidti
» UDP-6Glc, GDP-Man, CMP-NANA
» CDP-cholin, ethanolamin, diacylglycerol
» SAM — methylace coc®
> PAPS — sulfatace R “/\[[N*};

COH OH

6) allosterické efektory
- regulace kli¢ovych enzymu metabolickych drah




o

Role nukleotidu

Soucdst makroergnich slouce
30 kJ/mol, GTP)

Soucast NK
Soucdst druhych poslu (cAM

Souédst kofaktord (NAD, FA
NADP, CoA..)

aktivace intermediati
. allosterické efektory

TEST
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H H
H H

O @OH

http://www.benbest.com/health/cycAMP.qif
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Biosyntéza purint/pyrimidind

Nejsou esencidlni
Zdroje:
syntéza de novo (energeticky ndroénd) nebo

Setrici zplsob- syntéza z produkti degradace - ,salvage
reactions”

v jatrech (cytoplazma), koenzym: tetrahydrofolat

je treba cukr (ribéza), AK (?I cin, glutamin, aspartdt),
pentoza (z pentozoveho cyk ug

biosynteza je koordinovdna
Traveni:

potrava (irdveni pomoci pankreatickych endonukledz:
ribonukledzy, deoxyribonukleazy) nukleosidy+ fosfaty,
hydrolyza nuokleosidazami na dusikaté baze+pentozy,
vétsina téchto purinu je vyloucena z téla ve formé
urdtu, aniz by se zabudovala do bb. struktur

21



Cell cycle and P/P synthesis

Salvage pathway
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PRDP = 5-fosforibozyl-
PRPP = fosforybozyl-pyrofosfat

|
OH OH o o®

5-Phosphoribosyl 1-pyrophosphate
(PRPP)

| spolecny substrat pro syntezu |
[ ] ° [ ] [ ] [ ] [ ] °
purinu i pyrimidinu
Obrazek prevzat z http://ead.univ-
angers.fr/~jaspard/Page2/COURS/2N2NH3aaetUree/2Fiqures/9AAaromatiques/8PRPP.qif (leden 2008)



http://ead.univ-angers.fr/~jaspard/Page2/COURS/2N2NH3aaetUree/2Figures/9AAaromatiques/8PRPP.gif

TEST

PRDP = 5-fosforibozyl-1-difosfat

» jeho syntéza je klicovou reakci pro biosyntézu
nukleotidi

* PRDP-syntetdza je cilem zpétnovazebné
inhibice nukleosid di- a trifosfdty

 prekurzor: * riboza-5-fosfat (pentozovy c.)
* riboza-1-fosfat
(fosforolyza nukleosid)




* vyuziti:

> regulace syntézy

kleotid
nukleotidu Ribose 5-phosphate

> substrat pro syntézu o-
nukleotidi

0— —
0_.
H H E O
5-Phosphoribosyl-1-
pyrophosphate (PRPP)

PRDP-syntetaza je cilem
zpétnovazebné inhibice

nukleosid di- a trifosfdty

Copyright © 1997 Wiley-Liss, Inc.

PRPP = PRDP

Obrazek je prevzat z ucebnice: Devlin, T. M. (editor): Textbook of Biochemistry with Clinical Correlations, 4th ed.
Wiley-Liss, Inc., New York, 1997. ISBN 0-471-15451-2



TEST Rozdily v syntéze purinli a pyrimidind

Syntéza purinl a pyrimidinl probihd jako puzzle - do molekuly vysledné baze
jsou postupné pridavany kousky z jinych molekul, aby nakonec vytvorily
pozadovanou strukturu.

Rozdil v syntéze purinl a pyrimidinl je jiZ v zaédatku. PFi syntéze purini je
nejprve hasyntetizovano PRPP, na které se ndsledné napoji rizné skupiny, které
daji zdklad budouci bdzi, u syntézy pyrimidini je nejprve vytvorena bdze, na
kterou se poté navdze ribosa-5-P z PRPP.

Puriny Pyrimidiny

Zakladem PRPP, na ngj Nejprve syntéza heterocyklu,
se postupnée navazuji po té navazani ribosa-P z
dalsi skupiny PRPP

B - - 0
- i A
0 Z 0 ; HN J\
0 )\N Co0"
OH OH Ho
PRPP 26
26
NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 268.



TEST

Srovndni metabolismu purinu a

pyrimidinu

T ouiny L pyrimidiny

PRPP
produkt
lokalizace

degradacni
produkty

prvni krok
IMP
cytoplazma

k. mocCova,
amoniak

posledni krok
UMP
cytoplazma

COZ’ NH3, ﬁ -
alanin, p —
aminoisobutyrat
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Syntéza purinovych nukleotidu

» de novo (nova vystavba purinového kruhu)

» Setrici reakce (syntéza z bazi a nukleosidu)

> mnohem meéné energeticky narocné nez de novo
synteza

> snizuji syntézu de novo

> substrdaty: a) 3333 (adenin, guanin, hypoxanthin)

b) ribonukleosid
) ATP =



Biosyntéza purinovych nukleotidu -

(multienzymovy komplex)

6 HCO,
O

INOSIN-5-FOSFAT
(IMP) |

6 3 GLYCIN

ASPARTAT 7 HN <N —N
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s

c I 2 GLUTAMIN

GLUTAMIN RIBOSA-5-FOSFAT

1
PRPP

C 4 FORMYL-H,F
FORMYL-H,F 8 C
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NOVAK, Jan. Biochemie I. Brno: Muni, 20097 S. 272.



Biosyntéza purinu
* Syntetizuji se primo nukleotidy

e Zacina z pentodzy (ribdza-5"- fosfat), fosforylace
na PRPP (5 -fosforibosyl-1"-difosfat)
riboza-5-P + ATP — PRPP + AMP

(|)| PRPP syntetazy
"0— P—0— CH; 0 Q
| O H H _
0" O—lP—O—p—O
/H\ 0 On
5’-fosforibosyl-1"-difosfat
OH OH

Pozn. PRPP je nezbytny i pro syntézu pyrimidint, NAD+, NADP+



Zvysenad aktivita PRPP syntazy

X-vdzand dédi¢nost
Zvydend tvorba PRPP vede ke zvy$ené tvorbé purint de novo
a take k jejich zvysené degradaci cestou kyseliny mocové

Kyselina mocova je v plazmé Spatné rozpustna, zvysovani
jeji koncentrace v plazmé vede k je E(l,kr‘ySTGhZClCl a
ndslednému usazovani ve mékkych tkanich ve formé uratu

sodného (Artritis uratica)

LoZiska se nazyvaji dnavé tofy, vyvolavaji zanétlivou reakci,
jsou bolestive

Arthritis uratica mize byt akutni nebo chronickd, pritomna
uratova lithiaza, mozné ledvinné selhani

Neurologické priznaky u kojenct

Lécba: alopurino/ (analog purinu) inhibuje xanthinoxidazu,
¢im blokuje tvorbu kyseliny moCové a hromadi se
hypoxanthin a xanthin, které jsou rozpustnéjsi; dietas _
nizkym obsahem purinu (zvysené v mase, lusténinach, kave,
¢erném Caji); alkalizace vnitrniho prostredipodanim
sodného bikarbondtu; zvyseny prijem tekutin



http://www.wikiskripta.eu/index.php/X-v%C3%A1zan%C3%A1_d%C4%9Bdi%C4%8Dnost
http://www.wikiskripta.eu/index.php/Kyselina_mo%C4%8Dov%C3%A1
http://www.wikiskripta.eu/index.php/Artritis_uratica
http://www.wikiskripta.eu/index.php/Arthritis_uratica
http://www.wikiskripta.eu/index.php/Ledvinn%C3%A9_selh%C3%A1n%C3%AD
http://www.wikiskripta.eu/index.php?title=Hypoxanthin&action=edit&redlink=1
http://www.wikiskripta.eu/index.php?title=Xanthin&action=edit&redlink=1

1. Zvysena aktivita PRPP syntazy

e Preména rib6oza-5" - fosfatu na PRPP

» Jeji zvysenad aktivita vede k
hyperurikémii az dné

» Geneticky kodovand, vazanad na X-
chromozom

 Neurologické obtize, hluchota,
autistické chovani

TEST



PPRP synthase superactivity

PPRP synthase superactivity

L William N Nyhan, Bruce A Barshop, Pinar T Ozand (eds). Atlas |

edition. London: Hodder Arnold, 2005

* X-linked diseases

* Increased activity
(activating mutation)

* Hyperuricemia, gout

* Neurological
impairment (unclear)

* Deafness hluchota

* PMR, autismic-like
behaviour

33
William N Nyhan, Bruce A Barshop, Pinar T Ozand {eds). Atlas of metabolic diseases, 2nd edition. London: Hodder Arnold, 2005



Syntéza purinovych nukleotidi de novo
(I)

velka spotreba energie (ATP)

cytoplazma bunék ruznych tkani, hlavné jatra

substrdty: * 5-fosforibozyl-1-difosfat
(= PRDP = PRPP)
* aminokyseliny
(GIn, Gly, Asp)
* derivaty tetrahydrofolatu, CO,

koenzymy: * tetrahydrofolat (= kys.listova)
* NAD*



Folat je vitamin
- Clovék ho nedokdze syntetizovat

Zdroje: listova zelenina, jatra, celozrnné potraviny, kvasnice

H
Tetrahydrofol ate (TH
NN N H i (THEF)
| H
HM
N ™NheH, . o CO0-
" I_|H|”~|J g [ I|3 C—C—C00"
TR
pteridine p-atmi finh enzoate ol utatnate

Bakterie folat syntetizuji:
sulfonamidy jsou analoga PABA
— antibakteridlni d¢inek

Obrazek prevzat z http://www.dentistry.leeds.ac.uk/biochem/MBWeb/mb2/partl/aacarbon.htm (leden 2008)



http://www.dentistry.leeds.ac.uk/biochem/MBWeb/mb2/part1/aacarbon.htm

TEST Aktivace fofatu
(redukce)

H
Dihydrofolate Dihydrofolate |
reductase reductase
I'*IA.DPH +H* NﬁDP* NﬂDPH + H+ NADP* ‘
:- -
1o | Hrilux\*,f"'
Folate Dihydrofolate Tetrahydrofolate

Dihydrofolat-reduktaza je inhibovdna
Methotrexatem

Obradzek prevzat z http://www.dentistry.leeds.ac.uk/biochem/postgrad/fol-red.qif (leden 2008)



http://www.dentistry.leeds.ac.uk/biochem/postgrad/fol-red.gif

3. Inhibitory
dihydrofolatreduktazy

* Methotrexat (antimetabolit, terapie leukémie)

« Thimethoprim (bakTer'los’ra’rlkum)

/[:i:l:::]_{ni N—%<::>>—{Z NH— c: H

COO

OCHj

HN~ N OCHs
OCHs

37



Antimetabolity

* Azaserin Q
.y C—0O—CH;—CH—COOH
= cytostatické ATB Ly I
= analog serinu N 2
!
N

* 6-thioguanin, 6-merkaptopurin
" synteticka analoga

» zasah do metabolismu NK, protinadorova lécba,
imunosuprese (6-merkaptopurin)

38



Derivaty tetrahydrofolatu

\Nf\
ol

N°- NI Methylene-tetrahydr ofolate
carries methylene groups

N3-NY Methenyl-tetrahydrofolate
carries methenyl groups

N5-Methyl-tetrahydrofolate
carries methyl groups

(|3 HN
e
0 HH

W0~ I
‘ NH ‘ ‘
N°-Formyl-tetrahydr ofolate
carries formyl groups

Y- Formsyl- tetrah:fdr ofolate
carries formyl groups

N°- Formimino--tetrahydrofolate
carries methenyl oroups

Obrdzek prevzat z http://www.dentistry.leeds.ac.uk/biochem/postqgrad/thftypes.qif (leden 2008)



http://www.dentistry.leeds.ac.uk/biochem/postgrad/thftypes.gif

Serin je donorem meThylenové skupiny

H 0
MH,

OH
tetraty drofol ate Serine

glycine hydroxymethyitransferase | PLP

I
=
E
ZI

i
\C>)J\ @ﬂ\; + H,O
NH2

5, 10-methylenetetrahydrofol ate glycine

Obrazek prevzat z http://www.med.unibs.it/~marchesi/qlycine synth.qif (leden 2008)



http://www.med.unibs.it/~marchesi/glycine_synth.gif

Folat

Cysleine

e

: 5-methyl-THF -
v metabolismu >-methyl-Tt Homocysteine
Ms\ B, //5‘“”'
“Methionine
MTHF _
reductase / \
Serine : THF DHF
reductase
SHM (E-E ;
Glycine | n
'. DH
b
| 5, 10-methylene-THF
.-'"ﬂl-.-
Puring <

synthesis

=" _» Pyrimidine
™ synthesis

Obrazek prevzat z http://www.prema-eu.org/folatepathway/fig1.qif (leden 2008)



http://www.prema-eu.org/folatepathway/fig1.gif

Syntéza purinovych nukleotidi de novo
(II)

+ vyznamné meziprodukty:

» B” -fosforibozylamin

> inozinmonofosfat (IMP)

* produkty: nukleosidmonofosfaty (AMP, GMP)

* mezipreména purinovych nukleotidu:

> pres IMP = ,tat’ka-mamka" purinovych nukleotidi

(inosinmonofosfat: baze = hypoxanthin)



2SND>»>COVO0O0H4XKANO

Syntéza purinov?ch nukleotidu

ADP + P,
PRPP>/\

glycme

lutamine lutam ate N"-f rm ITHF
g 9 ormy THF ADP + P,
glutamine™
fum arate glutam ate

N"-formyl-THF

THF

HN
=

=y

copyright 2003 M W King

Obrdzek prevzat z http://web.indstate.edu/thcme/mwking/nucleotide-metabolism.html (leden 2007)

ADP + P, \z

aspartate

] NiMP A=

Ribose-5- B=

phosphate

glutamine-PRPP
amidotransferase

adenylosuccinate
lyase



http://web.indstate.edu/thcme/mwking/nucleotide-metabolism.html

, Tatka-mamka”™ IMP
O
HI‘J/\‘;“"F'I%k

/ﬂv_& NP \

GMP Nt AMP

Inosine 5-monophosphate (IMP)

\ aspartate
GTP adenylosuccinate synthetase
IMP dehydrogenase
GDP + Pj
NADH + H+
-ODCCHCHQGDD"
0 NH
H "" N-ﬂf\mf
Xanthosine 5’-munuphu$phate (XMP) Adenvlosuccmate

l l

Copyright © 1997 Wiley-Liss, Inc.

Obrdzek je prevzat z ucebnice: Devlin, T. M. (editor): Textbook of Biochemistry with Clinical Correlations, 4th ed.
Wiley-Liss, Inc., New York, 1997. ISBN 0-471-15451-2




glutamine - ATE
GMP-synthetase
lutamate -«
9 AMP + PP
L N
HN Bl

%
Ho SN N
O
-0 g O
HO OH
Guanosine 5-monophosphate (GMP)

adenylosuccinase

\\qu marate

w
MNH2

L.
".:"‘-'." '\"‘-\.,\__.-"M
T
.'\-"T.".;\-_.H___.-"'"-.N'I

foy

Adenosine 5-monophosphate (AMP)

Copyright © 1997 Wiley-Liss, Inc.

Obrazek je prevzat z ucebnice: Devlin, T. M. (editor): Textbook of Biochemistry with Clinical Correlations, 4th ed.
Wiley-Liss, Inc., New York, 1997. ISBN 0-471-15451-2




L , / «— formyl-H,F
I AN \N
formyl-H,F 51>I )

glutamin riboza-5-P

"~ 1 PRPP

Inosin-3-P (IMP) 47
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“0s,—0—CH; o H

H HA®
H OH
OH OH
a-p-Ribose-5-phosphate (R5P)
ATP ribose phosphate
AMP pyrophosphokinase

~0,p—0—CH; o H
H H

& (u)
H o—;r—o—r;—O“
OH OH - o

5-Phosphoribosyl-a-pyrophosphate (PRPP)

Glutamine + H,0 amidophoaphoribosyl

Glutamate + PP, trensferses
~0,p—0—CH, o NH,

H HJP
H H
OH OH
f-5-Phosphoribosylamine (PRA)

1

Glycine + ATP
q

ADP + P,

3 | GAR synthetase

/CH,-—NH,
0=C
\
“0,,—0—CH,; 5 NH
H H
H H
OH OH
Glycinamide ribotide (GAR)
N".Formyl-THF

THF

4 | GAR transformylase

IMP Synthesis ...
HC—NH-—C N
Y (IZH \(|:|‘/ \CH
H
AN L= H Oy
HyC CH coo~ HaN N
I Ribose-5-phosphate
O,,C\N“ 0 5-Aminoimidazole-4-(N-succinylocarboxamide)
A ribotide (SAICAR)
Ribose-5-phosphate Pl 9 adenylosuccinate lyase
Formylglycinamide ribotide (FGAR) o
ATP 4+ Glutamine + H,0 Il
C— 5 | FGAM synthetase H N/C\C/N
\DP + Glutamate + P, ? il \CH
N mN—C~N
AN |
H,C CH Ribose-5-phosphate
(I: ll) 5-Aminoimidazole-4-carboxamide ribotide (AICAR)
HNT SNH N'-Formyl-THF AICAR
| transformylase
Ribose-5-phosphate THF A
Formylglycinamidine ribotide (FGAM) (l)
ATP C N
6 | AIR synthetase HN e \
ADP + P, .
i 0=CH~ y~C/
oo A H I
I, cH Ribose-5-phosphate
H,N —~C~ N/ 5-Formaminoimidazole-4-carboxamide
| ribotide (FAICAR)
Ribose-5-phosphate IMP
&Aminoimidlwle ribotide (AIR) H,O cyclohydmlne
ATP + HCOy 7 AIR carboxylase o
ADP + P, I
C
-OOC\C/N\ HN/ \C/N
i N\ b | g CH
s AR NN
| -2 —) e
Riboge-5-phosphate 03P —0—CH, 0
Carboxyaminoimidazole ribotide (CAIR) H H
Aspartate + ATP H H
s 8 | SAICAR synthetase OH OH
ADP:+P, Inosine monophosphate (IMP) 47
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StudyBlue: Biochemistry 153b. [online]. [cit. 2014-07-27]. Dostupne7 z:
http://www.studyblue.com/notes/note/n/handout-01/deck/7221742



Kroky biosyntézy purinu

1. tvorba PRPP

2. reakce s glutaminem (darce N)

3. reakce s glycinem

4. reakce s tetrahydrofolatem (nese formyl)

5. reakce s glutaminem (dalsi N, uzavreni imidazolového
kruhu)

6. pripojeni CO, , reakce s aspartatem (darce N), reakce s
tetrahydrofolatem

7. Uzavreni heterocyklu - vznik inosinmonofosfatu (IMP),
obsahuje oxoderivat hypoxanthin

Reakce je endergonni, nutno ATP

vV evV/

reakci, kdy jsou odbourané baze purint prevadény primo na
monofosfaty az trifosfaty.



Biosyntesis of IMP

j Gln Gl 5
"0 —0—CH, .
1 : o o] o—F—o—cH_ [nH
o k Feo o d o \_/ 3- k ° ?I
| [———
PRPP : bosylami ADP
phosphoribosylamin T
NH—C HO TH o Eio
&H. LH, - _.!_ ~ T
A= o] b T P
::-E{)-CH. El o—F—0— He N {\ ° @
I h -— :|> )
o k 7' Formyl
THF THE
Glu Giln
H,0 ) @L” “°
o HN T CO; ! N,
HN N o H
D—i—D—CH::. &_:, D—I%—D—C-H | 7—» ':h—ﬂf;.)—CH_.
" ° e,
asp
. formyl
Inosin-5-P (IMP) :
)
5 HN N\
HN N IEHENH;[;>
QN N/ﬁ o-%-o— wo |

inosinmonophosphate

0

4 ~
0—F—0—CH

i

Schéma biosyntezy

ATP. glycin

1. glutamine phosphoribosylpyrophosphate
amidotransferase
(GPAT activity of the PPAT gene)

2. glycinamide ribonucleotide synthetase
(GARS activity of the GART gene)

3. glycinamide ribonucleotide formyltransferase
AGART activity of the GART gene)

THF
4. phosphoribosylformylglycinamide synthase
(PFAS activity of the PFAS gene)

48

5. aminoimidazole ribonucleotide synthetase (AIRS activity of the GART gene)
6. aminoimidazole ribonucleotide carboxylase (AIRC activity of the PAICS gene)
7. succinylaminoimidazolecarboxamide ribonucleotide synthetase (SAICAR activity of

the PAICS gene)

8. adenylosuccinate lyase (ADSL activity of the ADSL gene)
9. 5-aminoimidazole-4-carboxamide ribonucleotide formyltransferase (AICARFT activity

of the ATIC gene)
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10. IMP cyclohydrolase (IMPCH activity of the ATIC gene)



2. Deficit ADSL (adenylosukcinatlyaza)

ADSL = adenylosukcinatlydza, enzym

Ucastnici se dvou kroki v syntéze purind racial oy TeCal dellcianey

Jeji nedostatek vede k hromadéni
sukcinylpurinu a dalsich latek (SAICAR a
S-Ado, meziproduktu této metabolické
drahy) v likvoru a v moci

Dédiéné autozomalné recesivni onemocnéni

° TYP I _. psyvChomOTor'iCl,(a, r‘e-‘.qr‘dacel '. Holder-Espinasse M et al. J Med Genet 2002;39:440-442
epl ICPSle, nekdy SVGIOVG GTr'Ofle brachycephaly, prominent metopic sutures, small nose with

v 7 anteverted nostrils, long, smooth philtrum, and thin upper lip.

» Typ II - svalovd hypotonie, mirné opozdéni
Egyghomo’romckeho vyvoje, hypotonie,
rece, autismus

Lééba: s cilem doplnit deficit adenint v
tkanich poddvani adeninu a alopurinolu,
ktery blokuje xanthinoxidazu a tim i
degradaci purinu

TEST 50



http://www.wikiskripta.eu/index.php/Epilepsie
http://www.wikiskripta.eu/index.php?title=Svalov%C3%A1_atrofie&action=edit&redlink=1

Adenylosuccinate lyase deficiency (ADSL)

ribose-5-p —= PRPP

Facial dysmorfia in ADSL deficiency

|
|
¥

SACAR ———— =

S&ICA-rbosicke

-

SAMF‘ —-~

S-Ado

T

- / }{MF"\ j

R *
(&)

iresine

PRPD i @

hypaxanthing
| @

¥anchine

{

uric acid

LSO
>

guaning

adenasine

y

Holder-Espinasse M et al. J Med Genet 2002;39:440-442

brachycephaly, prominent metopic sutures, small nose with
anteverted nostrils, long, smooth philtrum, and thin upper lip.

=fatala]

acknine

ADSL deficiency

AR inheritance

SAICAR toxic for neurons (impaired utilization of
glucose), S-Ado may be protective

Uncertain role of purine depletion (not confirmed)

Variable neurological findings (neonatal
epilepsy,encephalopathy, stereotypic movement,
ataxia, PMR, seizures, hypotonia)

Autistic like behaviour

Facial dysmorphy in some patients

51
Treatment unknown



Premena IMP na dalsi purinové
nukleotidy

IMP je preménovan na GMP nebo AMP, z nich
se tvori GTP a ATP

Jako darci dusiku slouzi aspartat a glutamin

Pro regulace premény je dulezita dostupnost
PRPP.

/pétnovazebny mechanismus AMP a GMP
= dostatek GMP - rychlejsi preména IMP na AMP
= dostatek ATP = rychlejsi preména IMP na GMP



Klinicka porucha

Defektni Povaha Popis dédicnost

Dna/hyperurikémie

Onemocnéni: Typ | —
psychomotoricka retardace,
epilepsie, nékdy svalova atrofie,
Typ Il — svalova hypotonie, mirné
opozdéni psychomotorického
vyvoje, hypotonie, kifece, autismus

TEST

enzym defektu klinické
poruchy
PRPP- Superaktivni  Nadprodukce X-vazana,
synthetasa Pu, zvySena recesivni
exkrece
Resis. na
Zpétnou
vazbu

Nizka Km pro

rib-5-P
ADSL deficit AR
(adenylosukc
inatlyaza)
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http://www.wikiskripta.eu/index.php/Epilepsie
http://www.wikiskripta.eu/index.php?title=Svalov%C3%A1_atrofie&action=edit&redlink=1

Setrici zpusob, salvage reactions

PFi zaniku bb. jsou uvolfiovdny puriny a
nukleosidy, ty jsou poté ,recyklovany”
Puriny jsou primo prevddény na monofosfaty
az trifosfaty

Energeticky méné ndaroc¢né nez syntéza de
novo

Enzymy fosforibosyltransferasy

= adeninfosforibosyltransferasa (méni adenin na
AMP)

= hypoxanthin-guaninfosforibosyltransferasa
(méni hypoxanthin/quanin na IMP/GMP)
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Salvage reactions

phosphoribosyltransferasa

EN\Q /

purin + PRPP — purinnukleotidmonoP + PP

I
‘O—P—0O—CH, O O
‘ -0 H H B
O—P—O—p—0

. | B

OH OH

AMP adeninphosphoribosyltransferase
55



4. Nedostatek
Adeninfosforybosyltransferazy APRT

Adenine phosphonbesy!
transferase

APRT deficiency

* Production of 2,8-
dihydroxyadeninu

* Very low solubility: 3 mg/L (vs.
uric acid 150 mg/L)
* Crystalluria (spots on diaper);

renal colic, dysuria, acute renal
failure

* Treatment: allopurinol, dietary
restriction, high fluid intake

William N Nyhan, Bruce A Barshop, Pinar T Ozand (eds). Atlas of metabolic diseases, 2nd edition. London: Hodder Arnold, 2005

http://www_herringlab.com/ph 2/55-2,8-dihy ine97-P3.jpg 56



5. Lesch-Nyhan syndrom

Geneticka porucha, X-vdzana

chybi enzym hypoxanthin-
guaninfosforibosyltransferasa (HGPRT)

Vyskytuje se predevdim u malych chlapct
Projevy (asi od 2 let):

* mentalni retardace

= silnd hyperurikémie (vysokd koncentrace
guaninu a hypoxanthinu), dna

= nepratelské az agresivni chovani
= sklon k sebeposkozovani (okousavani rtu, prsti)



Adenine phosphoribosy!
transferase
NH., PRPP PP, NH.
/J\~ N /‘k\ N
N N\ N \
| |
l LA S
<\N ‘-N . <§N -~ N
Adenine ﬁ AM|
0'—l|=—o |
0
Hygpoxanthine guanine
(@) phospharibosyl 0
N transferase o N
-~
N/\[’ y, PRPP PP, N~ \J[-’ N\
L L2 .
N N |
hypoxanthin 0 -
i
~ ~__-N
HN e W
. o L
0 2 -\\N/ N
HN/JL\ = ﬁ
| [ \> o T’ 6 GMP
HNe, A
by Y o N
N H 0
Guanine

OH OH
Baynes & Dominiczak: Mecical Biochemistry, 3rd Edition.

Copyright © 2009 by Mosdy, an imprint of Elsevier, Ltd, All nghts resarved.

HGPRT deficiency

X-linked disease

Various forms: Lesch-Nyhan syndrome, partial
deficiency (Kelly-Seegmiller syndrome)

Hyperuricemia (the only treatable feature of disease)

Neurological abnormalities: automutilation,
aggresivity, PMR, seizures, gait disturbances

Various theories for neurological anormalities incl.
purines depletion, possibly secondary dopamin
synthesis defect (decreased DOPA-decarboxylase)

HGPRT deficiency

n
-

-~
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poruchy

Rendlni lithiasa

6. Dna

7. Lesch-Nyhaniv
syndrom

Adenin-
fosforibosyl
transferasa

HGPRTasa
hypoxanthin-
guaninfosforibosylt
ransferasa

HGPRTasa
hypoxanthin-
guaninfosforibosylt
ransferasa

8. Imunodeficience Adenosindeaminasa

SCID

(ADA)

9. Imunodeficience Purin-nukleosid-

10. Xanthinurie

fosforylasa

Xanthinoxidasa

Uplny deficit

Casteény
deficit

Uplny deficit

Tézky deficit

Teézky deficit

Uplny deficit

2,8-dihydroxy-
adeninové
ledvinové kameny

Naprodukce Pu,
zvySend exkrece

Naprodukce Pu,
zvysSena exkrece,
automutilace

Kombinovana
imunodefic. Ti B
bunék,
deoxyadenosinuri
e

Deficit T-bunék,
deoxyinosinurie,
guanosinurie,
deoxyguanosinuri
e, hypourikemie

Xanthinové
ledvinové kameny,
hypourikemie

X-vazana,
recesivni

X-vazana,
recesivni

AR

AR

AR
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Disorder Defect Nature of Defect Comments
increased enzyme i .
Gout PRPP synthetase activity hyperuricemia
Gout HGPRT?2 enzyme deficiency hyperuricemia
glucose- . i _
Gout 6.phosphatase enzyme deficiency hyperuricemia
Lesch-Nyhan HGPRT lack of enzyme see above
syndrome
SCID ADAP lack of enzyme see above
Immunodeficiency PNPt lack of enzyme see above
Renal lithiasis APRTY lack of enzyme 2,8-dihydroxyadenine, renal

lithiasis

Xanthinuria

Xanthine oxidase

lack of enzyme

hypouricemia and xanthine renal
lithiasis

von Gierke disease

Glucose-
6-phosphatase

enzyme deficiency

see above

2 hypoxanthine-guanine phosphoribosyltransferase

b adenosine deaminase
€ purine nucleotide phosphorylase

1. ZvySena aktivita PRPP syntazy

2. Deficit ADSL (adenylosukcinatlyaza)

d adenosine phosphoribosyltransferase . _ 60
3. Deficit Adenine phosphoryl transferase (APRT)



Syntéza deoxyribonukleotidd

» Tvorba z ribonukleotidt redukci D-ribozy

pomoci ribonukleotidreduktazy
 Redukéni reakce za pritomnosti NADPH

- Dllezity je thioredoxin (-SH skupiny) a enzym

thioredoxinreduktdza.

‘l:}1iiirfj"‘tﬂﬂé o base

/

OH |OH|

redukce

H

deoxveenace
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Odbourdvani purind a pyrimidint

 z potravy: malo vyuzivané k resyntéze
* endogenni:

nukleazy (Stépi nukleové kyseliny)
nukleotidazy (Stépi nukleotidy)
nukleosidfosforyldazy (S. nukleosidy)
deamindza (adenosin)
xanthinoxidaza

/ (hypoxanthin, xanthin)

TEST inhibovana allopurinolem (Iék Milurit)

> enzymy

* X %X % X



Odbouravani purinu

e arminass
AMP IMP
nucleobid gz nuchootida s
Y deaminase

Adenosine —— w Inosine

purine nucleotide
phosphorylase

de arninass

XMP GMP

nucleoticass nucleotidass

dearinase
Xanthosine — % Guanosine

purine nuciaadide
phosphandase

TEST

¥
NH

2
NP N deaminase ,J
L

.

Adenine Hypoxzanthine

¥

Obrazek prevzat z

xanthing
o gEe

L | Y

SAp

Ho 0

http://www.med.unibs.it/~marchesi/purine deqradation.qif

(leden 2008)

0 0
N J‘I,B deammaaeH"J | H\}
A\N N H,N J\M N

Xanthine Guanine

0,+H,0

xarthine
tase

Uric acid



http://www.med.unibs.it/~marchesi/purine_degradation.gif

Kyselina mocova
keto a enol forma

O OH
H
HN N N N
)\ >:O _— /K >~OH
O N N HO N N
H H

» soli kyseliny mocové = uraty (mocany)

» pri pH krve existuje ve formé mononatrium-urdtu



Hyperurikémie = zvySend koncentrace kyseliny mocové (KM) v krvi

¥

Xanthine
o

ﬁgy.

Uric
acid

b

4

~» GMP —» AMP Sy
m-".;;.f )
<2b2 l ~2b l
NN VT“‘Q:
— Gua Ade IMP —,
N
i b
AN
Hypo-
xanthine

Alldpurinc}l

Priciny:

{D Porucha vylu¢ovdni KM

- Zvysend tvorba KM
“a) nevyvdzenad strava

b) porucha recyklace
purinovych bazi

Recycling

’ reactions

Allopurinol

Obrazek prevzat z knihy: Color Atlas of Biochemistry / J. Koolman, K.H.R6hm. Thieme 1996. ISBN 0-86577-584-2



= Dédicné priciny hyperurikémie

riboza-5-fosfat

!

5-fosforibozyl-1-pyrofosfat

AMP < IMP > GMP
APRT adenozin inozin HGPRT guanozin HGPRT
adenin ———> hypoxanthin guanin

\ xanthin /
: kyselina mocova

Snimek pfevzat z pfednasky prof. J. Racka / Kyselina moCova — vyznamny metabolit a antioxidant;
Novinky v klinické biochemii, Nové Hrady 13.-15.10.2006



Degradace purind

Take a look at the line-up
ma'am. Can you idewh(\j
=2 which one is the gout?

¥ "'

(B )

? \
N

» Z klinického hlediska
vyznamny déj

* Rozdilné odbourdvdni B
nukleotidl z potravy, e
které jsou s$tépeny v

| &>
GIT, a nukleotidd v |

\% /
b u n ka C h Gout most commonly affects the big toe, but it can also affect

various other joints. Learn more at GoutEducation.org.
Supported by the Gout & Uric Acid Education Society. lllustrated by Bol’s Eye Comics.
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Degradace poZitych purini

Z nukleoproteind je odstépena bilkovina

NK nejsou degradovdny v zaludku, ale az v
pankreatu hydrolytickymi ribonukleazami a
deoxyribonukledzami.

Uvolnéni mononukleotidd, rozklad na
nukleosidy

Fosforylace a uvolnéni bazi do moci

Exogenni puriny nejsou tak vyznamné v
metabolismu purint jako endogenni puriny



Endogenni puriny

1.,§’ré eni RNA a DNA nukledzami, vznik
3" -nukleotidu

2. Stépeni nukleotiddzami na nukleosidy

3. éTépgni nukleosidfosforyldzami na volné
purinové baze a ribéza-5" -fosfat

DNA, RNA - nukleotid - nukleosid - volna purinova baze

Salvage pathway

— Nékteré purinové baze jsou za pomoci PRPP
reutilizovany a vyuzity jako AMP a GMP



Degradace purind

- ADENOSIN

— pomoci adenosindeaminazy je preveden ha
inosin a ten je metabolizovan na
hypoxanthin, ddle se metabolizuje na
xanthin

« GUANOSIN

— pomoci nukleosidfosforyldazy je preveden na
guanin a tfen je metabolizovdn na xanthin

» Xanthin je metabolizovan na kyselinu
mocovou



Odbourani purinovych nukleotidu

AMP,GMP,
IMP,XMP

odStépeni fosfatu

5-nukleotidasa

. guanosin, inosin,
xantosin + P,

Adenosin

+ P,
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Odbourani purinovych nukleotidu a
deoxynukleotidu

5-nukleotidasa
AMP,GMP, . guanosin, inosin,
IMP XMP xantosin + P

_ nukleosidfosforylasa
guanin,

hypoxantin,

xantn  T——i—+ro

+ ribosa-1-P nukleosidfosforylasa INOSIN

Adenosin + P;,

adenosindeaminasa
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Urie Aeid )

Click to go to Nuchic Acids

Mote the first step
in adenosine degradation
is deamination. This is
significant due to
certain pathologies.

Unlike for adenosine,
the first step in
guanosine degradation
is deribosylation.

The end product of purine
degradation is Uric Acid,
which is excreted in urine.

Degradation of Purine Nucleotides

Dietary and cellular nucleic acids are constantly being degraded. Many
of the resultant purines are catabolized and excreted as Uric acid.

NH, HO NH, 0 pl  ribose-1-P O
M . N : t
- HM
T\ | \> Ad i k | ) " 1"|l>
. enosine 2 N purine nucleoside I\ N
N N deaminase N | phosphorylase
ribose (ADA) ribose
Adenosine Inosine Hypoxanthine
xanthing
oxidase
. ribose - 1 -
0
I4 .
Hh HMN
\} )\ >
purine nuclenmde Guanine
phosphorylase 2 I-I deaminase
rib mﬂ Xanthine
Guanosine Guanineg

xanthine
oxidase

Uric Acid can build up

and cause problems in

some individuals. Click
to find out more.

0

H

HN | N>=D
Uric acid D)\N g
H H

M=z

jurnp to handout
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Deficit adenosindeaminasy (ADA)

Dédiénost AR, X-vdzanad

*Hromadéni adenosinu a deoxyadenosinu v télesnych tekutinach. Tyto metabolity
jsou velmi Spatné rozpustné a vytvdri mocové konkrementy

*Typické je velké mnoZstvi adeninu v plazmé a vyrazna lymfopenie

*V lymfocytech se hromadi deoxyadenosin a dATP, které inhibuje enzym
ribonukleotidreduktazu nutny pro syntézu DNA (diky této skutecnosti patri deficit
ADA do imunodeficienci jako jeden z podtypl SCID), aktivita ADA je sniZzena také
v erytrocytech

*Hypopldzie az absence lymfatické tkdné

Variantni kostni a neurologické odchylky

*Rozviji se SCID (severe combined imunodeficiency disease) s lymfopenii s
Castymi infekcemi hlavné kiize, respiraéniho a gastrointestindlniho traktu

*Na vzniku SCID se deficit ADA podili pouze v 15 %, v ostatnich pripadech se
rozviji jinymi mechanismy

*PostiZeni bez IéCby umiraji do dvou let Zivota, ale v pozdéjsim véku ma onemocnéni
mirnéjsi prabéh

*Mezi klinické priznaky patri hlavné plicni zdnéty, kandidéza, chronické vodnaté
prijmy a neurologické symptomy (poruchy hybnosti a spasticita)

Lécba: transplantace kostni drené, transfuze ozarovanych ery‘rrocy’rﬁ podavanim
ADA modifikované polye‘rylenglykolem (zvyseni polocasu, shizeni |munogemcu’ry)
Uspésnad genova lé¢ba avsak s komplikaci leukemie



http://www.wikiskripta.eu/index.php/T%C4%9B%C5%BEk%C3%A1_kombinovan%C3%A1_imunodeficience
http://www.wikiskripta.eu/index.php/Leukemie

Zvysena aktivita ADA

*Zvyseny metabolismus ATP a adeninovych nukleotidl v erytrocytech
vede ke zvyseni hladiny ADA

*Priblizné 50ndsobné zvyseni ADA zplsobuje nesférocytarni
hemolytickou anemii

Deficit purinnukleosidfosforylazy

Porucha bunééné imunity zptsobena hromadénim dGTP v T-lymfocytech
Anemie, neurologické poruchy

Vyrazné snizend tvorba kyseliny mocové

Lééba: transplantace kostni drfené, transfuze ozarovanych erytrocyti

Deficit xanthinoxidazy

AR dédi¢nost

vyskytuje se ve dvou podtypech pricemz tato popisovand je deficit
xanthinoxidazy/dehydrogendzy

Kyselina mocovad jako konecny produkt metabolismu purini je nahrazena
hypoxanthinem a xanthinem

Tento defekt zplsobuje xanthinurii z které vznikaji xanthinové kameny
Izolovany deficit xanthinoxiddzy je benigni, doporucuje se snizeny
prijem purinl ve stravé (nachdzi se zejména v mase, lusténindch, kavé a

¢aji) a zvyseny pitny rezim "


http://www.wikiskripta.eu/index.php/Hemolytick%C3%A1_an%C3%A9mie

Odbourani purind

Xanthinoxidaza
O 0, O
H,O,
HN | \> \ A HN |
R\N NH XANTHINOXIDASA D,x \
hypoxantin I_:( antin
TGUANASA
0
|
P,
guanin

Inhibice
allopurinolem
O
H,0, H

\>
}{ANTHINDKIDASA )\

ky,:.elma mocova

Koneény metabolit u primatu,
obojzivelnikul, ptaku a plazl

(400-600 mg /den)
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Xanthinoxiddaza
(Xanthindehydrogendza)

Mdlo specificky jaterni enzym

P S et s Y

Metaloprotein, obsahuje FAD, /7=« )
molybdenu a zeleza G, &

‘ x'n'\,'\
s

Prevadi hypoxanthin na xanthin a
nasledne xanthin na kyselinu
mocovou

Transport elektrond,
akcepTor'em je O3, ze kterého
Vznlka 202
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Hereditdrni xanthinurie

Deficit xanthinoxiddazy, v 50 % asymptomaticky
Autosomalné recesivni onemocnéni
Typ I
— chybi xanthioxiddza, je blokovana tvorba k. mo¢ové, hromadi
se xanthin a hypoxanthin

Typ II

— deficit xanthinoxidazy a aldehydeoxiddzy, je blokovana
tvorba k. mocové a oxypurinolu

Zvysené mnozstvi xanthinu v moci — tvorba kameni ve
ledvinach, prip. ukladani ve svalech a kloubech

Hypourikémie
Lécba:
— dostatek tekutin, alkalizace mo¢i, omezeni purint v potravé



Hereditarni xanthinurie

Hypoxanthine Allopurinol

Aanthinuna type | _[_ I T—— m—rdnsr—l-'

v
Xanthine Aldehvdeoxidase
. <-|—b: i id sl—l—l'
Xanthinuria type Il S
T T
Uric acid Oxypurinol

Arikyants N. et al. Pediatr Nephrol 2007

In type |, the isolated XO deficiency leads to a block in UA production and
accumulation of xanthine and hypoxanthine whereas the conversion of
allopurinol to oxypurinoel is unaffected. In type |l the combined deficiency of
the XO and AO complex impairs the production of UA and oxypurinol.
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Koneéné produkty katabolismu purint

» Konecny produkt katabolismu purind u
¢lovéka je kyselina mocova (také vyssi
primati)

* U témeér vech savcl je k. mocova
stépena urikdzou (urdatoxidazou) na
allantoin (vyssi rozpustnost)

* Ryby umi preménit allantoin na mocovinu
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Konecné produkty katabolismu

e O
purinu
O O
H HN 0O
NH
o~ I 1T o= A J

N N 0 NH,
H H H H
kyselina mocova O allantoin

I
C
H,N~~ “NH,

mocovina
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Kyselina mo¢ova (Acidum uricum)

T v'~ 4 - ; N -.:
B v '

v
T

Slaba kyselina, $patné on AT R g
rozpustnd ve vode, tvorba soli e AR
jeji rozpustnost zvysuje

V plazmé ve formé urdtu
sodného, pri snizeném pH se
zvysuje riziko tvorby
konkrementu

Hodnoty:

— u muzt 0,18-0,53 mmol/|

— u zen 0,15-0,45 mmol/I

Denné se vytvori asi 0,5 gramu
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Exkrece kyseliny mocové

Prechazi do glomeruldrniho filtratu, ale je témér
zcela resorbovana zpét

Vétsing k. moCové se do moci dostava aktivni

sekreci v distalnich kanalcich

— Je-li zvysena sekrece laktatu, acetoacetdtu, 3-
hydroxybutyratu nebo jsou-li pouzivana thiazidova

diuretika &i k. acetylosalicylovd, dochazi ke
kompetitivnimu snizeni sekrece k. mocove

7 k. mocové v moCi ma piivod v purinech z potravy,
castecne i z xanthinu napf. kofein, theobromin
(kava, kakao, ¢aj)

V distalnich ¢dstech nefronu dochazi k

postsekrecni resorpci (inhibice urikosuriky napr.
probenecid)

Clearence urdtu je nizkd, CL = 0,1-0,2 ml/s



Hypourikemie

deficit xantinoxidasy (vylucovani
hypoxantinu a xantinu)

Hyperurikémie

» Zvysena hladina kyseliny moCové v krvi
— muzi vice nez 420 pmol/I
— Zeny vice nez 360 umol/|

» Latentni bezpriznakovad forma u 4 az 10
7 populace
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Poruchy metabolismu purind

Dna

» zvy3end produkce hebo sniZzené vylu€ovdni kys. moové
» porucha v Setricim procesu

—— (deficit hypoxantin-guaninfosforibosyltransferasy)
(HGPRT)

—

hypoxantin + PRPP ® IMP + PP
> shizend clearance v Iedvifh

ukladani krystall kyseliny mocové ve tkanich
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Dédicné podminéna
hyperurikémie

Primarni dna

Deficit HGPRT

— Lesch-Nyhantv syndrom - kompletni, déti

— Kelly-Seegmillertv syndrom - nedplnd, dospéli

Zvysenad aktivita PRPP-syntetazy

Familidarni juvenilni hyperurikémicka nefropatie

— rendlni porucha exkrece urdtd, md progredujici
charakter

Pri hyperurikémii muze dojit k vypaddvani
klzxs,alu uratu a k jejich naslednemu ukladani do
Tkani
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Sekundarni hyperurikémie,

sekundarni dna

Zvyseny rozpad bb.
— myelo/lymfoproliferativni onemocnéni, hemolyticke,
makrocytdrni anémie

Léciva

— blokace tubularni sekrece (thiazidova diuretika)

— Kortikoidy ve vysokych davkach

Rendlni poruchy se snizenou glomeruldrni filtraci
Katabolické stavy (dlouhodobé hladovént)
Chronicky alkoholismus

Chronické otravy olovem

Metabolicky syndrom, nékteré dyslipoproteinémie



Dna (artritis uratica)

Synonyma: podagra, pakostnice,
nemoc krald, gout (angl.)
Castéjsi u muzfl (90 %),
projevuje se ve véku kolem 40
let

MizZe byt geneticka
predispozice

Predpokladem je hyperurikémie,
mechanismus je ale
multifaktoridlni

V 10 % se jednd o dnu
sekundarni, kdy je zndm
pravdépodobny mechanismus
vzhiku

I dolnlf underdand w'mj
I have gom‘. I don't even . ,
make much money.
A

While gout has historically been referred to as a
rich man's disease, it can affect anyone at any time.
Gouttducation.org. lllustration by Bol's Eye Comics,
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Prubéh dny

* 4 stadia:
— Obdobi symptomatické hyperurikémie
— Akutni dnavy zdchvat
— Interkritické obdobi
— Chronicka tofézni dna

» Vypaddvani a ukladani krystalt uratu
sodného do kloubu, $lach, kloubni
chrupavky, usniho boltce:

— zejména chladnéjsi mista, mensi klouby, typicky
palec u hohy



Akutni dnava artritida

Ruzné priciny:

— pridruzené onemocnéni, Sorny — can't let you in. But T'm the most
Ch|r|ur|9|cky Zakrlok’ STr'eS, This event is for .nflémm&fcr\j poaTmempon h_,pe‘

arh’-\nf'; c-r.lxj.

trauma, dietni exces, bez
priciny

Kruta bolest kloubu, otok,

teplota

— Zanétliva reakce je vyvolana
pomoci krystalu obalenych Ig6
— akKtivace proteinenzymovych
systému, uvolnéni zanétlivych
mediatoru, fagocytoza
polymorfonuklearnimi leukocyty _—

Mensi zdchvaty konci do 2 dng, 17 In 10 adls doat Ko that gt form of arthrti.

nekdy zachva'r '|'r\va az 6 Tydnu Supported by the Gout & Uric Acid Education Society. llustrated by Bol's Eye Comics.




Tofozni dna

Tofus = nahromadéni krystali
uratu spolecne s lipidy,
glykosaminoglykany a
imunoglobuliny

Ohrani¢eny zanétlivymi bb.

Eibbr'ézou a abnormalné velkymi

V kloubni chrupavce, o
subchondralni kosti, synovidlni
membrane, slachach

Vznika 80 prvni dnavé artritidé
(3 az 40 let)

Bolest, ranni ztuhlost az vznik
deformit
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Lécba

» Dietni opatreni, hodné pit (2 litry), redukce
hmotnosti
* Akutni dnavy zdchvat

— Kolchicin (Colchicium autumnale), inhibuje fagocytozu
krystalu urdtu, velké nezddouci GIT Gcinky

— Indometacin, diklofenak sodny (nikdy ne k.
acetylosalicylovou)

— Kortikoidy intraarteridlné

« Interkriticka a chronicka dna
— Urikosurika (zvysené vylu¢ovani kyseliny moci) napr.
benzbromaron, probenecid

— Urikostatika (inhibice xanthinoxidazy): alopurinol,
febuxostat



Alopurinol

* Alopurinol a jeho
metabolit oxipurinol
inhibuji xanthinoxidazu,
¢imz dochazi ke snizeni
kyseliny moCové v séru i

moci Tabdets USP ‘

* Obchodni nazvy:

iivq |

— Milurit, Purinol —l

« Objeven Gertrude
Elionovou a Georgem
Hitchingsem



Allopurinol - kompetitivni inhibitor
xantinoxidasy

OH

N=" N
P W,
/
H
al ||:::| I:I LI ri I-I I::}l NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 276.

Lécba dny: allopurinol inhibuje oxidaci hypoxantinu na xantin

hypoxantin je rozpustnéjsi a je snadneji vyluCovan
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Febuxostat

* Novy inhibitor xanthinoxidazy

* Vlyraznéjsi ucinek, vyssi selektivita

* Obchodni nazev
— Adenuric, Uloric
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onemochéni

Povaha
defektu

Popis klinické
poruchy

Dédicnost/
lécba

Dna

Lesch-
Nyhantv
syndrom

Syndrom
tumorové

lyzy
Imunodefici

ence
SCID

Xanthinurie

TEST

Hyperuri-kémie

Poruchy enzymi, nevhodna
strava, onemocnéni ledvin
HGPRTasa

hypoxanthin-
guaninfosforibosyltransferasa

HGPRTasa

hypoxanthin-
guaninfosforibosyltransferasa
(zachranna dréha purinu)

rychlé odbourdvani nukleovych
kyselin po chemoterapii

Porucha adenosindeaminazy

Poruchy xanthinoxidazy

Casteény
deficit

Uplny
deficit

Tezky
deficit

Uplny
deficit

Naprodukce Pu,
zvysena exkrece,

Hromadéni uratovych

krystal(, chronicky
artritida

Naprodukce Pu,
zvysSena exkrece,
Autoagrese,
neurologické
poruchy, vyrazna
hyperurikémie

Kombinovana
imunodefic. Ti B
bunék,
deoxyadenosinurie

Xanthinové ledvinové

kameny,
hypourikemie

X-vazan3,
recesivni, dieta,
alopurinol,protiz
anétlivé léky

X-vazan3,
recesivni,
alopurinol,podp
arnd lécba

podavani
uratoxidazy

AR
Lécba:substituce
ADA

AR
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BIOSYNTEZA PYRIMIDINU

puvod atomu v pyrimidinovych derivatech

OROTIDINMONOFOSFAT

g 2

GLUTAMIN u AL

>+ KARBAMOYLFOSFAT
HCO, ~
COO"

RIBOSA 5 FOSFAT

3

, PRPP
Orotidinmonofosfat

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 268.

Dekarboxylaci vznika uridinmonofosfat

97
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Syntéza karbamoylfosfatu _

V cytoplasmé vznikne karbamoylfosfat z glutaminu (zdroj dusiku) a HCO3-.
Reakce je energeticky naro¢na — pro jeji pribéh je potfeba dodat 2 ATP.
Reakci katalyzuje enzym karbamoylfosfatsynthetasa |I1, ktera je inhibovana
pomoci UTP (,inhibice produktem®) a aktivovana pomoci ATP.

karbamoylfosfatsynhetasa

1 Glutamin + 2ATP + HCO; — karbamoylfosfat + glutamat + 2 ADP + P,

0
k%

O—=—=0

C—CH,—CH,—CH—COOH 4 HCO;

o} HoN )
T gltamin ~~ NHz

2 ATP
// H‘D_ KARBAMOYLFOSFATSYNTHETASA Il
O 2ADP+1 P,
Gu < [y

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 75.

TH” coO
. p CH.
Srovnejte se syntézou C ¢ ’
¥ . . . Q- o p o T HC COO
mocoviny - mitochondrie N ,
karbamowifosfat *JE:" ,fNHZ aspartat

NOVAK, Jan. Biochemie I. Brno: Muni, 2009, s. 269. 98 08



Biosyntéza pyrimidinu

* Probiha v cytosolu NH>

* Tvorba z karbamoylfosfatu a
aspartatu

e 1. Tvorba karbamoylfosfatu

— endergonni rce glutaminu a oxidu
uhlicitého

glutamin + 2 ATP + HCO;— karbamoyl-P + glutamat + 2 ADP + P,



Biosyntéza pyrimidinu

2. Karbamoyl-P reaguje s asparatem za tvorby
orotatu

3. Napojeni PRPP a vznik nukloetidu orotidin-
5 -fosfatu

4. Dekarboxylaci vznika uridin-5"-monofosfat
(UMP), po fosforylaci zapojeni do syntézy RNA

5. Dalsimi reakcemi vznikaji UTP, CTP, TTP



DalSi kroky biosyntézg pyrimidinu - podrobnéji

e
s Y ) )
)

.-"_.-r \.-\-‘-"'-\.\, H‘ [
"-\.x H—\._\.-\--\- I
. * '
~~~~~~ = CAD{E)
R h
R CAD \
¥ |
E_ __.-'II P 1
UMPS{E2) =~ T '-.
UMPS |
!

]

e
CADIET)
DHODH s
4.
Ho

CAD{EZ) | 2.

AV
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27]. Dostupné z:

http://www.wikiskripta.eu/index.php/Poruchy_metabolismu_pyrimidinu



Schéma biosyntézy

H,0
karbamoylP Hzr'i| ;
e — _ D
/ o E g \‘<‘ oo Z
|II O0—P= | =~
f J- K, CH HN i"'z
- C.. .CH—CO00~
N 0=y ACH—COO o° ;
T—a H:N H
I ]
chcoo- dihydroorotate
I 0
CH, karbamoylaspartate 1
C00- N
0 Jla,wj]—cun' orotate
aspartate Il 0 "

o & : clz: 0
0—F —0—CH, oo b_o-
o~ | B |

o o
Orotidinmono-P a PRPP
0z unt
|
]
\< o 5 N
'D—I!I!—D—CHED Uridinmono-P
o (UMP)
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Tvorba UTC a CTP

ATP

o ADP ADP
ATP
5 |uTp

IUDP Uridin tri-P

ATP /

ADPJFK_)

CTP

glutamine

cytidin tri-P glutamate



Tvorba thymidinovych nukleotidu

NADP  sihvdrofolatreduktiza

serin

H,F
lvcin
=Y Methylen —H,F H,F
Transport methylenu ( H,F
... Hy,F)
UDP — dUDP — dUMP TMP
thvimmidvlatesvntaza

(zavisla na folatu)

Protinadorova terapie 32
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Vznik dTMP (methylace)

deoxythymidintrifosfat

oM
deoxythym idinm onofosfat

Na methylaci je potrebny H, F
Methylenova skupina vazana na H,F je behem

sveho prenosu na dUMP redukovana na
methylovou 105



NADP*

IHYDROFOLATREDUKTASA

D
SERIN
TETRAHYDROFOLAT N ADPH+H*
Po odstépeni methylenu se
H,F méni na Hy,F
GLYCIN METHYLEN-H,F H,F

THYMIDYLATSYNTHASA

UDP > dUDP —> dUMP

Thymidylatsynthasa

(enzym zavisly na folatu)

Cile protinadorové lécby

DIH YDROFOLAT 0

CH+
HT)K/W
0 0",;\\‘4
dTMP  o-F-0 5
. l.
0
OH
deoxythymidinmonofosfat
NOVAK, Jan. Biochemie 1. Brno: Muni, 2009, s. 270.
106
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Dihydrofolatreduktasa - cil protinadorové
terapie.

Dihydrofolat reduktasa byla prvnim enzymem, na néjz se
zameérila protinddorova terapie.

Prvni pouzivany inhibitor byl aminopterin.

VaZe se k enzymu 1000x pevnéji nez foldt, pusobi jako
kompetitivni inhibitor.,

V soucasné dobé uzivdan methotrexat a podobné derivaty.

VSechny léky, které ovliviiuji syntézu purint a pyrimidind, poskozuji
rychle délici se buriky - to vSak nejsou pouze buriky nddorové, ale i
buriky kostni difené, GI-traktu a napr. i buriky vlasovych folikuld.
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Také thymidylat synthasa muze byt inhibovana

F Podavani fluorouracilu
0 l
AN
vV organismu premena na
HN NH . ,
Y 5-fluorodeoxyuridin monofosfat
0 |

Wikipedia: Fluorouracil. [online]. [cit. 2014-07-27]. Dostupné z:
http://en.wikipedia.org/wiki/Fluorouracil

Thymidylatsynthasa je jim proto Kompetltrlvnl inhibice
blokovana jako kompetitivnim thymidylatsynthasy
inhibitorem, coz ve vysledku

zabrani vzniku dTMP, coz se Cytostaticky ucCinek lécCiva
projevi zpomalenim

(znemoznénim) bunécného

o, 108
déleni. o8



Cytostatika

« B-fluorouracil
* B-fluorodeoxyuridin

— oba brzdi syntézu —
dTMP, tzv. S—
sebevrazedné
substraty

« Methotrexat
— analog kyseliny
listove, antifolikum

Methotrexat
“Ebewe” 50mg/5ml

Solution for injection and

sion.
Administration: IV, IM, 1A,
intrathecal and intraventricular.

<p
Sticwe
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Puvod atomu v pyrimidinech

glutamin

-”‘. aspartat

*L. karbamnylP
HN3

HCO; *‘——H___‘__

COO-

R]boza-P \

Orotidinmono-P -3. PRPP

Dekarboxylace — uridin mono-P

[ ]
1
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Salvage pathway

1. nukleosidy

Uracil Ribosa-1-P

nebo L\\l
Cytosin P,

Deoxyribosa-1-P

(.

Thymin \,

P.

1

Uridin
nebo

Cytidin

Thymidin
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Salvage pathway

2. Kinazy - fosforylace

*thymidin + ATP - TMP + ADP
‘cytidin + ATP - CMP + ADP
*deoxycytidin + ATP —- dCMP + ADP
‘uridin + ATP - UMP + ADP

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
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Regulace biosyntézy pyrimidinovych nukleotidu

1 Allostericky:

« Karbamoylfosfatsynthetasa:
inhibice UTP, purinové nukleotidy

aktivace PRPP

d Zavislost na bunecném cyklu

Karbamoylfosfatsynthetasa v S fazi je
senzitivnéjsi k aktivaci PRPP
(zprostredkovano fosforylaci)
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Odbouravani pyrimidinovych nukleotidu

Pyrimidinové bdze jsme schopni v nasem téle odbourat na
jednodussi slozky, které je mozné vyloucit moci. Toho nejsme
schopni u purinovych bazil

Odbourdvani pyrimidind v sobé zahrnuje:

a) odstépeni fosfatu

b) odStépeni cukerné slozky

c) Stépeni dusikaté baze

Konecné produkty stépeni bazi:
NH,, CO,, B-alanin, (B -aminoisobutyrat)

rozpustné metabolity — vylou€eny moci

114114




Odbouravani pyrimidind

MH-

b

NH,, CO,, B-alanin,  -aminoisobutyrat

rozpustné metabolity — vylouc¢eny moc¢

0

.y s

C l:ltl.'lﬂl ne u rm:ll Thy I'I'I'I ne

Excreted

Carnosine
or
Anserine

M&DFH + HY +
j +— Eing reduction —rk NADPT *H
MaDFt MADP

P ﬁ?
A 0 H

+—1 . Bing oper ;
—2. C0 19359-1 —
HoMN-CHo-CH . -CO0H 2M-CHz-CH-COOH
CHz

Beta-aminoisobutyrate

Beta-alanine Excreted



Dédicné metabolické poruchy pyrimidinového

metabolismu
GIn=MH, HCO5
CMP =—— UJUMP —— TMP
cRs2
LMPH LPH UPH
Carbamoylphosphate Y Y Y
Cytidine Uridine Thymidine
' D
Y ¥
TEST Uracil Thymine
¥ DPYD DPYD
Orotic acid ‘
Y _ : )
Dihydrouracil  Dihydrothymine

Y L pers DPYS
OPM I v
g-Ureidopropionate  §- Ureidoisobutyrate
M URDP URDP
UMP

v
5= ﬁlaTwine §- Aminoisobutyrate

« I. Orotova acidurie (UMP synthase deficiency)
« II. Deficit Dihydropyriminidase deficiency
« ITI. Thymidine phosphorylase deficiency MNGIE () o,



° TEST
Poruchy syntézy pyrimidinu

I. Deficit UMP syntazy
(Orotova acidurie)

AR dédicnost

UMP sym‘éza ma 2 enzymové aktivity jako

orotatfosforibosyltransferdza (OPRT) a
orotidindonofodfatekarboxylaza (ODC)

GIn—MNH, HCO4

Carbamoylphosphate

i

Orotic acid

RS

ﬁ
T/

UMP

Blok v syntéze pyrimidini vede ke hromadéni orotatu v télesnych
tekutindch s jeho zvysenym vylu¢ovdnim, mtze dochdzet ke krystalurii
Soucasné vznikd deficit pyrimidint pro syntézu DNA dstici v poruchy
déleni bunék a megaloblastovou anemii nereagujici na Ié¢bu Zelezem,

vitaminem B12 ani kyselinou listovou, jelikoZ porucha tkvi v
nedostatecné syntéze DNA z nedostatku pyrimidinovych bazi

Poruchy ristu, psychomotoricka retardace, leukopenie, maldtnost

Lécba: poddvani uridinu
Je moznd i prenatdlni diagnostika

117


http://www.wikiskripta.eu/index.php/AR
http://www.wikiskripta.eu/index.php/Megaloblastov%C3%A1_an%C3%A9mie

Hereditarni orotova acidurie

Nedostatek UMP-syntazy, 2 typy O

Nadmérna produkce kyseliny
orotove, dochazi ke krystalurii,

mlécné zakaleni ‘ NH
Je snizend normdlni produkce o /J\
yrimidinu, coz vede k ) N 0O
ypochromni megaloblasticke H
anemii (je rezistentni ke kys. O

listové, vit. B12 i Zelezu)

Naruseni télesného a dusevniho kyselina orotova
vyvoje

Terapie: uridin



GIn—MNH4 HCO3

CMP <—— UMP — TMP
CRS 2
LIWPH LIWFPH P
Carbamoylphosphate ¥ ¥ Y
Cytidine Uridine Thymidine
Y
Y Y
Uracil Thymine
. DPYD DPYD
Orotic acid v
Y : _
ﬁmps Dihydrouracil  Dihydrothymine
DPYY DPYS
OPM v
lumps g-Ureidopropionate  §— Ureidoisobutyrate
LR DP LIROF
UMP

G- ,&Igfﬁine 5= Aminoisobutyrate

This gene encodes a uridine 5'-monophosphate synthase (UMPS). The encoded
protein is a bifunctional enzyme that catalyzes the final two steps of the de novo
pyrimidine biosynthetic pathway. The first reaction is carried out by the N-terminal
enzyme orotate phosphoribosyltransferase which converts orotic acid to orotidine-5'-
monophosphate. The terminal reaction is carried out by the C-terminal enzyme OMP
decarboxylase which converts orotidine-5'-monophosphate to uridine

monophosphate. Defects in this gene are the cause of hereditary orotic aciduria. s



Orotic aciduria

* UMP synthase deficiency

* Overproduction of orotic
acid - crystalluria (lithiasis is
rare)

* Decreased production of
pyrimidines—abnormal

hematopoesis-megaloblastic
anemia—PMR, FTT

* Treatment: uridine (kinase
converts to UMP)

http://www prohealthdynamics.com/images/orotic_and_sulphuric_acid_ojrx.jpg
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Poruchy degradace pyrimidinu

IT .Deficit dihydropyrimidindehydrogenazy (DPD)

AR dédicnost

Porucha premény uracilu a thyminu na dihydrouracil a dihydrothymin vede ke
hromadéni uracilu a thyminu v télesnych teékutindch

Klinicky se objevuje kompletni deficit DPD u déti a je provdzen epilepsii, mentdlni
retardaci, mikrocefalii

Druhou klinickou formou je parcidini deficit, ktery byva objeven teprve ve
spojitosti s [é€bou 5-fluorouracilem (nddory), ktery neni dostateéné degradovan
(parcidlni deficit DPD) a je pro pacienta toxicky.

TEST

CMP =— UMP —— TMP

Projevuje se to neutropenii, stomatitidou, — . p—

neurologickymi priznaky. v

V souvislosti s neurologickymi symptomy miize mit ~ “¥idine Cndine Thyrtidine

vyznam sniZzend tvorba neurotransmiteru p-alaninu,

ktery je produktem katabolismu pyrimidint Uracil Thymine

Lécba: u détské formy neni dostupnd, pri parcidlnim J— J—

deficitu v dlsledku Ié¢by 5-fluorouracilem zménime oy

chemoterapeutikum Dihydrouracil _ Difyarothymine

I zde je moznd prenatdlni diaghostika DS DPYS
F-Ureidopropionate  §— Ureidoisobutyral

Dihydropyrimidinase (DHP) is the second enzyme in URDP URDE

the catabolism of 5-fluorouracil (BFVU), and it has been sug- _ ¥

gested that patients with a deficiency of this enzyme are at §-Alanine  F~ Aminoisobutyrate

risk from developing severe 5FU-associated toxicity. ot


http://www.wikiskripta.eu/index.php/AR
http://www.wikiskripta.eu/index.php/Epilepsie
http://www.wikiskripta.eu/index.php/Neutropenie
http://www.wikiskripta.eu/index.php?title=Stomatitida&action=edit&redlink=1

DPD deficiency

(Dihydropyrimidine dehydrogenase)

* Complete deficiency
* Childhood onset
* PMR, hypertonus, autism
* Mikrocephaly, dysmorphy
* No treatment known

Neurotrophic keratitits

* Partial deficiency

* % of common population

* Toxicity of 5-fluorouracil
(neutropenia,stomatitis,
neurological symptoms)

hittp:/ferenwe djo.in/articles/ 2008,/56/4,/images/indianophthalmol_2008 56 4 336 41422 1 jpg
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III. Deficit
thymidinfosforylazy
Objeven u pacienti s
MNGIE (mitochondrial
heurogastrointestinal
encephalomyopathy)
Hromadéni nukleotidi
pravdépodobné vede k
poruchdm replikace mtDNA
Klinické priznaky a
laboratorni ndlezy:
laktatovad acidéza a
acidurie, vyrazné zvysené
vylu€ovani thymidinu v moci
i Krvi

HCOS

Carbamoylphosphate

|

Qrotic acid

lUMPS

P

GIn—H;

Thymidine phosphorylase deficiency

CMP «—— UMP——= TMP

l Lo P

Cytidine

v atig

Uridine

L
Uracil

DrYn

Y
Dihydrouraci|

DPEY

&—Ureidopropionate

UROe

¥
G- Alanine

Deficiency of the cytosolic enzyme thymidine phosphorylase (TP)
causes a multisystem disorder called mitochondrial
neurogastrointestinal encephalomyopathy (MNGIE) syndrome. Clinical
symptoms are gastrointestinal dysfunction, muscle involvement and

neurological deterioration.

vl

Thymidine

TP

Thyrmline
DPYD
Dihydrothymine
DPYS
&- Ureidoisobutyrate
URDF

g- Aminoisobutyrate


http://www.wikiskripta.eu/index.php/Mitochondri%C3%A1ln%C3%AD_neurogastrointestin%C3%A1ln%C3%AD_encefalomyopatie
http://www.wikiskripta.eu/index.php/MtDNA

B-aminoisobutyrdturie
» Zvysené odbourdvdni thyminu

- MiZe byt i sekunddrné navozend napr.
hladovénim, popdleni nebo nddorech.
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Klinicka porucha

Defektni enzym

Popis klinické

poruchy

dédicnost

aminoisobutyratova
acidurie

transaminasa

Bez priznakul, ¢asta v
Orientu

Autosomalné
recesivni

Orotova acidurie
l.

Orotova acidurie

Il. typu
typu

Orotatfosforibosyl-
transferasa (OPRT) a
orotidylat
dekarboxylaza (ODC)

orotidylat
dekarboxylaza

Orotova krystalurie,
zaostavani ve vyvoiji,
megaloblasticka anemie,
imunodeficience, Uprava po
uridinu pre os.

Orotidinurie, orotova
acidurie,
megaloblasticka
acidurie, uprava po
uridinu pre os.

Autosomalné
recesivni
LeCba:podavani
uridinu,cytidinu

Autosomalné
recesivni

Deficit ornithin-
karbamoyl
transferasy

TEST

Ornithinkarbamoyl
transferasy

Proteinova
intolerance, jaterni
encefalopatie a mirna
orotova acidurie

X-vazana, recesivni
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0

TEST o
HMNZ NH Uricase NH; H

SOUHRN: A W e T Tmf 7

NH

radikdly

Allantoin

» puriny — NH;, kyselina mocova - mad antioxidacni viastnosti

(Cdstecné vylucovana moci: poruchy: hyperurikémie, dna)

140 - 340 pmol/l (zeny) “ﬁ?ﬁ%sﬁ'ir j

mo¢ 0,48 - 5,95 mmol/I j 1

» pyrimidiny: C, U - B-alanin, CO,, NH;
T - B-aminoizobutyrat, CO,, NH;

Obrdzky prevzaty z http://www.uni-koeln.de/med-fak/biochemie/biomed/versuche/v07/abb05.qif a
http://www.healerpatch.com/images/qout.jpg (leden 2008)

normdlni _hodnoty: Gout Sq(/ 'S
sérum 220 - 420 pmol/l (muzi) | \>< I


http://www.uni-koeln.de/med-fak/biochemie/biomed/versuche/v07/abb05.gif
http://www.healerpatch.com/images/gout.jpg

Hlavni rozdily metabolismu
purind a pyrimidinu

puriny pyrimidiny
tvorba N- v 1. kroku syntézy nejprve se syntetizuje
glykosidové | (syntéza zadind na PRDP) | pyrimidinovy kruh
vazby
lokalizace cytoplazma cytoplazma + 1 enzym

biosyntézy

v mitochondrii

produkty
odbourdvani

kyselina mocova
(Spatné rozpustnad v H,0),

NH;

CO,, NH-, B-AMK
(dobre rozpustné v H,0)




Srovnani metabolismu purinu a

pyrimidinu

PRPP
produkt
lokalizace

degradacni produkty

prvni krok
IMP
cytoplazma

k. mocova, amoniak

pozdni krok
UMP
cytoplazma

CO, NH3, p — alanin, f —
aminoizobutyrat
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