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Introduction

Nucleotides perform a wide variety of

functions
© Building blocks for nucleic acids
O Universal energy carriers (ATP, GTP)
v Activators (e.g. UDP-glucose)

v Components of signal transduction pathways (cCAMP,
cGMP)

Nucleotides contain
© Ribose or deoxyribose sugar
® One to three phosphate groups
© purine or pyrimidine hetercyclic nitrogen base.



Introductions

We will focus on the nucleotide bases

© Glycine and aspartate will provide a carbon
scaffold.

O Aspartate and glutamine will provide the nitrogen.
We will look at

O de novo synthesis of pyrimidine bases
© de novo synthesis of purines bases
© Synthesis of deoxyribonucleotides
@ Regulation of nucleotide synthesis



Introduction

de Novo versus salvage pathways

SALVAGE PATHWAY
Activated ribose (PRPP) + base

Nucleotide
DE NOVO PATHWAY

Activated ribose (PRPP) + amino acids
+ ATP + CO» + ...
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Adenine (A)
CGiuanine ()
Uracil (U)

Cytosine (C)

Adenine (A)
Guanine (G)
Thymine (T)
Cytosine (C)

RNA

Ribonucleoside

Adenosine
(Guanosine
Uridine
Cytidine

Deoxyribonucleoside

Deoxyadenosine
Deoxyguanosine
Thymidine
Deoxycytidine

Ribonucleotide
(5"-monophosphate)

Adenylate (AMP)
Guanylate (GMP)
Unidylate (UMP)

Cytidylate (CMP)

Deoxyribonucleotide
(5"-monophosphate)
Deoxyadenylate (dAAMP)
Deoxyguanylate (dGMP)
Thymidylate (TMP)
Deoxycytidylate (dCMP)




Bicarbonate

Carbamoyl
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Pyrimidine
ring
PRPP
(a ribose
phosphate)

UTP = CTP to RNA
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Carbamic acid Carbamoyl phosphate




Bicarbonate
phosphorylation

Glutamine
hydrolysis
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Carbamoyl phosphate Carbamoylaspartate Dihydroorotate
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1.5 Nucleotides

Nucleotide mono-, di-, and triphospahtes are

interconvertible

© Nucleoside monophosphate kinases

O UMP is converted to UTP before going on to produce
CTP
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2.2 Purines Synthesis, Step One

The purine ring system is assembled on a

ribose phosphate.
© glutamine phosphoribosyl amidotransferase
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2.3 Purine Ring Synthesis

The purine ring is assembled by successive
steps of activation by phosphorylation,
followed by displacement.

I8



@ @
+ NH5* ' ; H-T:i.' W'

Gly ﬂ H H I

_ CH, N _CH,
F.ﬂbnse."l-l-: M‘P‘Hhﬂﬂf H"‘E"— _‘:M'NA"F-ﬁhgﬂeﬂf"“"Cf{Hi %—L‘P‘ﬂbﬂ“ ﬁ’f
o MiN  H;0 Nen

Phosphoribosyl- Glycinamide Formylglycinamide ‘="'  Formylglycinamidine
Tnm ribonucleotide ribonucleotide ' " %uﬂm

H, =ﬂ\ . Hlf_r
"‘""“"”I“‘f*"’ € A

T

Carboxyaminoimidazole S-Aminoimidazole
ribonucleotide ribonucleotide

AT
+

®

AD#P
W
P,

LY
]:___I\ O l.'_
LN .--.’-c‘"x "'Fﬂ
P-ribose™ “'-i:
MH

ci
a-(N-suecinylcarboramide)
-suc xam
ribonucleotide




o

y
F-ﬂhnse H‘"

NH;

5-Aminoimidazole-
4-(N-succinylcarboxamide)
ribonucleotide

|
NH,

i W
ﬁﬂ TH THF
» F-rihusefﬂ\ﬁ \—/ -
NH;

5-Aminoimidazole-
4-carboxamide
ribonucleotide

5-Formaminoimidazole-
4-carboxamide
ribonucleotide

Inosinate (IMP)




S

P-Ribose
Adenylate (AMP)

P-Ribose

NH;
HsN Guanylate (GMP)

+ & +
Glu Gin




3. Deoxyribonucleotides

Deoxyribonucleotides are produced form
either ribonucleotide di- or triphophosphates

O The 2'-OH on the ribose sugar is reduced to a
hydrogen.

© NADPH + H* is the reducing agent.

© The enzyme is called ribonucleotide reductase

2y



3. Deoxyribonucleotides

Ribonucleotide reductase
© R1 (87 kD dimer)

¢ active site
¢ allosteric sites

0 R2 (43 kD dimer)
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3. Deoxyribonucleotides

Ribonucleotide reductase

© 7. The disulfide is reduced by thioredoxin.

© 8. Thioredoxin is reduced by thioredoxin reductase
using NADH + H+
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3.3 Anticancer Drugs

Inhibition of the synthesis of
dexoyribonucleotides or thymidylate will
selectively inhibit fast growing cells.
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5. NAD", FAD and Coenzyme A
(Skip)
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6. Metabolic Diseases (Skip)




6.1 Purine Degradation (Skip)
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