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Nucleosides, nucleotides and bases 
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adenosine adenosine-5’-monophosphate adenosine-5’-diphosphate adenosine-5’-triphosphate



purine pyrimidine ß-D-ribose ß-D-deoxyribose
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adenine guanosine

cytosine thymine uracil

deoxyadenosine deoxyguanosine deoxycytidine thymidine

components of natural occuring nucleosides    

natural occuring bases

examples of a nucleoside and its nucleotides

natural deoxynucleosides



OH-Cbl 

Ado-Cbl 

Methylmalonyl-CoA Succinyl-CoA 



Symptoms associated with IEM of 
purine and pyrimidine metabolism 
    Anaemia (megaloblastic, haemolytic), Arthritism, 
Autism, Automutilation, Cachexia, feeding difficulties, 
Cerebral palsy, Developmental delay, Dysmorphic 
features,Encephalopathy, Epilepsy, seizures, fitting, 
Exercise intolerance, Gout, Haematuria, Hepatomegaly, 
Hyperactivity, short attention span, Hyperuricaemia, 
Hypo-/hypertonia, Immunodeficiency, Impaired hearing, 
deafness, Lactic acidosis, Lens dislocation, 
Lymphopaenia, Microcephaly, Mitochondrial DNA-
depletion,Muscle weakness, Psychomotor retardation, 
Nephropathy, Nephro/urolithiasis, Optic atrophy, Renal 
failure (acute and chronic), Scoliosis, Severe combined 
immunodeficiency, Spastic diplegia, Splenomegaly, T-
cell immunodeficiency, Tetraparesis 



What I hear about purines and pyrimidines 

Defects in purine and pyrimidine metabolism are rare, it’s not 
worthwhile screening for 

 

Purine and pyrimidine metabolism is complex and hard to 
understand, let alone remember 

 

The analysis of purine and pyrimidine is difficult 

 

• Nothing happens in purines and pyrimidines 
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• Nothing happens in purines and pyrimidines 

These patients have a right to be diagnosed, too! 

That’s relative, and good overviews are available 

No more than other analyses 

??????????????????????????? 



DHODH mutation-positive POADS cases.  
Rainger J et al. Hum. Mol. Genet. 2012;21:3969-3983 

© The Author 2012. Published by Oxford University Press. All rights reserved. For 
Permissions, please email: journals.permissions@oup.com 

Miller syndrome 



Adenosine kinase deficiency 

Am J Hum Genet. 2011 Oct 7; 89(4): 507–515.  



ITPA early infantile encephalopathy 

Annals of Neurology 

21 AUG 2015 DOI: 10.1002/ana.24496 

http://onlinelibrary.wiley.com/doi/10.1002/ana.24496/full#ana24496-fig-0001 

http://onlinelibrary.wiley.com/doi/10.1002/ana.24496/full#ana24496-fig-0001
http://onlinelibrary.wiley.com/doi/10.1002/ana.24496/full#ana24496-fig-0001
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http://onlinelibrary.wiley.com/doi/10.1002/ana.24496/full#ana24496-fig-0001
http://onlinelibrary.wiley.com/doi/10.1002/ana.24496/full#ana24496-fig-0001


Specialised purine and pyrimidine assay 

• State of the art: LC-MS/MS method 

• Comprehensive screening for all known biomarkers 
is possible 

 

• HPLC with UV fixed wavelength UV or DAD detector  

• Non-UV compounds are missed 

• More prone to interference 



Minimal essential Purine and Pyrimidine 
screening in urine  

Purines Pyrimidines 

 Inosine  Orotic acid  

 Deoxyinosine  Uracil 

 Hypoxanthine  Thymine 

 Xanthine  Thymidine 

 Deoxyadenosine 

 Uric acid 



Purines and Pyrimidines   in ERNDIM  

Quantitative Purines and Pyrimidines in urine 

 

Include defects in Diagnostic Profiency Testing (not all 
DPT schemes) 



Purines and Pyrimidines (urine) 

Aim: Comparison of Purine and Pyrimidine analysis in a lab with respect to median and target values 

Status: Full ERNDIM EQA scheme since 2000 

Geographic area: Worldwide  No. of samples/year: 8 

Eligibility Requirements: None Sample matrix: Lyophilised, spiked human urine 

No. of registrations (2015): 51 Volume/sample: 5 ml/vial 

Analytes (2016): 5-OH methyluracil Adenine Adenosine AICAR 

Creatinine Deoxy-adenosine Deoxy-guanosine Deoxy-inosine 

Deoxy-uridine Dihydro-thymine Dihydro-uracil Guanosine 

Hypoxanthine Inosine Orotic acid Orotidine 

Pseudo-uridine Thymidine Thymine Uracil 

Uric acid Xanthine   
 

No. of shipments/year: One shipment of 8 samples in January- March 

Submission deadlines:  8 deadlines at 6-8 weeks intervals from March to November 

Submission of results: Via Results website  

Reports: Interim reports available from the Results website during the scheme year 

Annual report published in January-March of the following year 

Scientific Advisor: Dr. Jörgen Bierau, jorgen.bierau@mumc.nl 

Scheme Organiser: Dr. Cas Weykamp (SKML), c.w.weykamp@skbwinterswijk.nl 

 



Can I identify patients with  a possible 
defect in Purine or Pyrimidine metabolism 
without a specialist assay? 
 

 

Yes, not all but many! 

Uric acid, thymine, uracil en orotic acid are very 
informative 



Usefull Biomarkers 



Serum/plasma Uric acid 

Increased Decreased 

Lesch-Nyhan disease Purine Nucleoside Phosphorylase 

def. 

Familial Juvenile Hyperuricaemia 

and Nephropathy (FJHN) 

Isolated xanthine dehydrogenase 

def. 

Phosphoribosyl  pyrophosphate 

synthetase superactivity 

Combined xanthine 

dehydrogenase/sulfite oxidase 

def. 

Molybdenum cofactor def. 

 

Pyrimidine 5’-nucleotidase 

superactivity 

Phosphoribosyl  pyrophosphate 

synthetase def. 

 



Increased urinary pyrimidines 

Thymine  Uracil 

Dihydropyrimidine dehydrogase deficiency 

Dihydropyrimidinase deficiency 

Thymidine phosphorylase deficiency 

Hyperammonaemia 

Degradation of Pseudo-uridine  

 



Increased urinary orotate 

Orotate phosphoribosyl transferase def. (orotic aciduria I) 

Orotidine monophosphate decarboxylase def. (orotic aciduria II) 

Dihydroorotate dehydrogenase def. (Miller syndrome) 

Hyperammonaemia 



Defects detectable with special assay only 

Defect Marker metabolite(s) 

Adenine phosphoribosyl transferase 2,8-dihydroxyadenine 

Adenosine deaminase def. Deoxyadenosine 

Adenylosuccinate lyase def. Succinyladenosine and SAICAr 

AICAR transformylase/IMP 

cyclohydrolase (ATIC) def. 

AICAr 

Beta-ureidopropionase def. N-carbamoyl-ß-alanine and N-

carbamoyl-ß-aminoisobutyric acid 

Adenosine kinase def. Methionine 



Defects without specific biomarkers 

Phosphoribosyl pyrophosphate 

synthetase def. 

AMP deaminase def. 

Inosine triphosphatase def. 

Pyrimidine 5’-nucleotidase 

deficiency 

Deoxyguanosine kinase def. 

Thymidine kinase 2 def. 

Mitochondrial ribonucleotidase 

subunit 2 def. 



HGPRT deficiency 



de novo synthesis 

IMP XMP GMP 

Inosine 

Guanosine 

Hypoxanthine Xanthine 

Uric acid 

HGPRT 

XO XO 

Guanine 

AMP 

GTP ATP 

HGPRT 

HGPRT deficiency 



HGPRT deficiency 



PNP deficiency 



(d)IMP XMP (d)GMP (d)AMP 

dAdo (d)Ino 

Xan Hyp 

Urate 
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XDH/XO 

XDH/XO 

GDA 

PNP PNP PNP 

Ade 
APRT 

PNP deficiency 





DPD deficiency 

Variable clinical picture, ranging from no (apparent) 
symptoms to severe neurological disease with 
mental and motor retardation and epilepsy. 



Pyrimidine degradation 

Thymine 

Dihydrothymine 

ß-Aminoisobutyrate 

DPD 

ß-Ureidoisobutyrate 

Uracil 

Dihydrouracil 

ß-Alanine 

ß-Ureidopropionate 

TCA 

cycle 

DPD 

DHP DHP 

ßUP ßUP 

BAKAT BAIPAT 

5-OH-Me-Uracil 



www.metbio.net 



Summary  

• Uric acid and thymine and uracil in 
routine urinary organic acid analysis 
are helpful biomarkers  

• Orotic acid is important! 

• Feel free to contact the P&P 
specialists 

• More labs should analyse purines and 
pyrimidines 

 



AJITIDE is a kind of nucleotides. 
Nucleotides are water-soluble components 
which naturally occur, in larger or smaller 
proportions, in both animal and vegetable 
foods. Combined with other components, 
they are the elements to bring out "Umami" 
in food. 
http://www.ajinomoto.com.hk/products/industrial/ajitide 


