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Biosynthesis of ribonucleotides and 

deoxyribonucleotides 



Biosynthesis of nucleotides 

 Nucleotides important for metabolic reactions 

 (NAD, NADP, FAD, CoA, ATP, GTP) 

 Importnat for DNA and RNA 

 all cells can synthesize nucleotides de novo (from scratch) 

 And from degradation products  

 

 play no significant role as a source of metabolic energy 



Ribonucleotides 

 Nucleotides containing ribose as pentose component 

 Molecular precursors of nucleic acids 

 Basic building blocks of DNA and RNA 

 Most common bases for ribonucleotides are adenine, 

guanine, cytosine and uracil 

 Nitrogenous bases are classified in compounds purine and 

pyrimidine 



Synthesis of purine ribonucleotides 

 initially synthesized purine - inosine monophosphate (IMP) 

 precursor of GMP (guanosine monophosphate) and AMP 

(adenosine monophosphate) 

 Purines are formed as ribonucleotides rather than 

as free bases! 

 biosynthetic pathways found in E. coli, yeast, pigeons and 

humans 



IMP is synthesized in a series of 11 reactions 

 

 

 

 

 

 

 

 



PRPP is an important precursor 



Biosynthesis of AMP and GMP from IMP 



Synthesis of nucleoside di- and 

triphosphates 

 Nucleoside monophosphates are first converted to their 

corresponding nucleoside diphosphates 

 In order to participate in nucleic acid synthesis 

 



Regulation of purine nucleotide biosynthesis 

 IMP pathway - regulated at its first two steps 

 synthesis of PRPP and 5- phosphoribosylamine 

 Ribose phosphate pyrophosphokinase and 

amidophosphoribosyl transferase - subject to negative 

feedback inhibition 

 GDP and ADP and ATP, ADP, AMP, GTP, GDP and GMP 

 

 Amidophosphoribosyl transferase - allosterically stimulated 

by PRPP 



Regulation of purine nucleotide biosynthesis 

 AMP and GMP - both competitive inhibitors of their own 

synthesis 

 Inhibit the first enzyme after the IMP branch point 

 

 ATP is required for GMP biosynthesis and vice versa 

 required in roughly equal amounts in nucleic acid 

biosynthesis 



Salvage of purines 

 turnover of DNA and RNA - adenine, guanine and 

hypoxanthine are released 

 free purines are converted back - nucleoside 

monophosphates 

 through salvage pathways 

* HGPRT deficiency causes severe symptoms (Lesch-Nyhan syndrome) 

Indicating that the purine salvage reactions have functions other than the conservation of the energy 

required for de novo purine biosynthesis 



Lesch-Nyhan syndrome 

 X-linked inherited disease 

 

 Characteristics: 

Excessive uric acid production 

Highly aggressive and destructive behavior 

Bizarre compulsion toward self-mutilation 



Molecular basis of LN syndrome 

 Several point mutations in HGPRT 

 location of the amino acid replacement - mutation causes 

gout or LN syndrome 

 

Kinston and Tokyo – in the active site 

Montreal – close to the surface 



How does HGPRT deficiency explain LN 

symptoms? 

 Excessive uric acid production - result of PRPP accumulation 

 causes increased purine de novo biosynthesis 

 increased production of the purine degradation product uric acid 

 

 Physiological basis of the neurological abnormalities – obscure 

 some speculations - salvage pathway is of great importance in the 

brain (in basal ganglial cells) where de novo biosynthesis of purines 

is low 

 defect in a single enzyme precipitates very defined behavioral 

patterns - of great interest to other psychiatric disorders 



Synthesis of pyrimidine ribonucleotides 

 simpler than that of purines 

 atoms of the pyrimidine - derived from three different 

sources 

 Carbonate, aspartate and glutamine amide 

 UMP synthesized in a series of six reactions 

 In contrast to purine biosynthesis, the pyrimidine ring is 

synthesized first and then attached to ribose-5-

phosphate! 

 UMP is also the precursor for CMP biosynthesis 



Synthesis of UTP 

 synthesized from UMP in a sequential phosphorylation 

 ATP needed 

 similar to generation of ATP/GTP 

 



Regulation of pyrimidine biosynthesis 

 In bacteria - second enzyme is subject to feedback inhibition by 

UTP 

 In animals - regulation of the pathway occurs at step 1 and 6: 

carbamoyl phosphate synthetase II is activated by ATP and PRPP 

 inhibited by UDP and UTP 

OMP decarboxylase is inhibited by the product of the reaction, 

UMP 

 

 no “salvage pathway” exists for pyrimidines! 



Energy costs for purine and pyrimidine 

biosynthesis 

 Biosynthesis of purines requires the equivalent of 7 ATP 

 Biosynthesis of uridine requires 3 ATP 

 But... reduced quinone produces 2 ATP during oxidative 

phosphorylation 

 the net cost is 1 ATP for uridine and 2 ATP for cytidine 

 

 Purine biosynthesis requires much more metabolic energy 

 Therefore salvage of purines saves metabolic energy 



Formation of deoxyribonucleotides 

 DNA differs chemically from RNA in two aspects: 

 

 Nucleotides contain 2’-deoxyribose rather than ribose residues 

 It contains thymine (5-methyluracil) instead of uracil 

 

 Deoxyribonucleotides are synthesized from their corresponding 

ribonucleotides 

 by the reduction of their C2’-position rather that by de-novo 

synthesis 



 Reduction needs reductases! 

 reduction produces deoxyribonucleotides 

 4 classes 

 



Ribonucleotide reductase 

 Differ in their cofactors 

 they all replace the 2’-OH group by a free radical mechanism 

 

 Deoxyribonucleotides in turn are used in the synthesis of DNA 

 The substrates for RNR are ADP, GDP, CDP and UDP 



Proposed mechanism 

  The free radical abstracts 

an H atom from C3’ 

 Acid catalyzed cleavage of 

C2’-OH bond to yield a 

radical cation 

 the C3’-OH groups 

unshared electron pair 

stabilizes the C2’-cation 



Proposed mechanism 

 The radical cation 

intermediate is reduced by 

the enzyme’s redox active 

sulfhydryl pair 

 

 The 3’ radical abstracts an 

H atom from X to yield the 

product and to restore the 

radical state of the protein 



 final step in the ribonucleotide reductase catalytic cycle - 

reduction of the enzyme’s newly formed disulfide bond 

 To re-form its redox-active sulfhydryl pair 

 Thioredoxin  



Summary 

 Ribonucleotides 

 Biosynthesis of purine nucleotides 

 Biosynthesis of pyrimidine nucleotides 

 Deoxyribonucleotides 

 Ribonucleotide reductases 

 Free radical mechanism 

 


