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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations 
are authored by expert biologists, in collaboration with Reactome editorial staff and cross-referenced to many 
bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary 
literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining 
knowledge from genomic studies, and by systems biologists building predictive models of normal and disease 
variant pathways. 
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), 
University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European 
Molecular Biology Laboratory (EBI Industry program).
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Purine salvage ↗

Stable identifier: R-HSA-74217

Nucleosides and free bases generated by DNA and RNA breakdown are converted back to nucleotide 
monophosphates, allowing them to re-enter the pathway of purine biosynthesis and interconversiohn. Under normal 
conditions, DNA turnover is limited and deoxyribonucleotide salvage operates at a correspondingly low level (Watts 
1974).
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deoxyadenosine or deoxyguanosine + ATP => dAMP or dGMP + ADP (DCK) ↗

Location: Purine salvage

Stable identifier: R-HSA-109671

Type: transition

Compartments: cytosol

Cytosolic deoxycytidine kinase (DCK) catalyzes the reactions of deoxyadenosine and deoxyguanosine with ATP to 
form the corresponding nucleotide monophosphates and AMP, The enzyme is a dimer (Bohman and Eriksson 1988; 
Datta et al. 1989). While the enzyme can be found in nuclei of cultured cells expressing high levels of a tagged 
recombinant protein, its normal location appears to be cytosolic (Hatzis et al. 1998).

Literature references
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APRT catalyzes the conversion of adenine to AMP ↗

Location: Purine salvage

Stable identifier: R-HSA-74213

Type: transition

Compartments: cytosol

Cytosolic APRT dimer catalyzes the reaction of adenine and 5-phospho-alpha-D-ribose 1-diphosphate to form AMP 
and pyrophosphate (Holden et al. 1979; Silva et al. 2008).

Followed by: AMP + H2O => IMP + NH4+ (AMPD)

Literature references
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AMP + H2O => IMP + NH4+ (AMPD) ↗

Location: Purine salvage

Stable identifier: R-HSA-76590

Type: transition

Compartments: cytosol

Cytosolic AMP deaminase (AMPD) catalyzes the hydrolysis of AMP to yield IMP and ammonia. Three isoforms of 
AMPD, E, L, and M, have been identified that differ in their expression patterns in the body. All occur as tetramers 
and all have qualitatively the same catalytic activity, however (Bausch-Jurken et al. 1992; Mahnke-Zizelman et al. 
1998).

Preceded by: APRT catalyzes the conversion of adenine to AMP

Literature references
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HPRT1 catalyzes the conversion of guanine or hypoxanthine to GMP or IMP ↗

Location: Purine salvage

Stable identifier: R-HSA-74215

Type: transition

Compartments: cytosol

Cytosolic hypoxanthine-guanine phosphoribosyltransferase (HPRT1) tetramer catalyzes the reactions of guanine or 
hypoxanthine with PRPP to form GMP ir IMP and pyrophosphate (Holden and Kelley 1978; Jolly et al. 1983).

Followed by: GMP + NADPH + H+ => IMP + NADP+ + NH4+ (GMPR,GMPR2)

Literature references
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477-81. ↗
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dA, dG, or dI + ATP => dAMP, dGMP, or dIMP + ADP (DGUOK) ↗

Location: Purine salvage

Stable identifier: R-HSA-74207

Type: transition

Compartments: mitochondrial matrix

Mitochondrial deoxyguanosine kinase (DGUOK) catalyzes the reactions of deoxyadenosine, deoxyguanosine, and 
deoxyinosine with ATP to form the corresponding nucleotide monophosphates and ADP (Park and Ives 1988; 
Johansson and Karlson 1996). Crystallographic studies of the human enzyme have confirmed its dimeric structure 
and allowed identification of key amino acid residues responsible for its substrate specificity (Johansson et al. 2001).
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ADAL1 hydrolyzes N6-methyl-AMP to IMP and methylamine ↗

Location: Purine salvage

Stable identifier: R-HSA-2161187

Type: transition

Compartments: cytosol

Cytosolic ADAL (Adenosine DeAminase-Like) catalyzes the reaction of N6-methyl-AMP and water to form IMP 
and methylamine. The active form of the enzyme is a protein monomer complexed with a zinc ion (Murakami et al. 
2011). Scaletti et al. (2021) suggest that under physiological conditions this reaction could enable the detoxification 
and salvage of methylated adenosine nucleotides.

Literature references

Vallin, KS., Jemth, AS., Scaletti, ER., Stenmark, P., Helleday, T., Sarno, A. et al. (2020). MutT homologue 1 (MTH1) re-
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aminopurine nucleoside monophosphates. J Med Chem, 54, 5902-14. ↗
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ADAL1 hydrolyzes N6-methyl-dAMP to dIMP and methylamine ↗

Location: Purine salvage

Stable identifier: R-HSA-9731661

Type: transition

Compartments: cytosol

Cytosolic ADAL (Adenosine DeAminase-Like) catalyzes the reaction of N6-methyl-dAMP and water to form dIMP 
and methylamine. The active form of the enzyme is a protein monomer complexed with a zinc ion (Murakami et al. 
2011). Scaletti et al. (2021) suggest that under physiological conditions this reaction could enable the detoxification 
and salvage of methylated adenosine nucleotides.

Literature references
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(2'-deoxy)adenosine + ATP => (d)AMP + ADP (ADK) ↗

Location: Purine salvage

Stable identifier: R-HSA-109624

Type: transition

Compartments: cytosol

Cytosolic adenosine kinase (ADK) catalyzes the reactions of adenosine and deoxyadenosine with ATP to yield the 
corresponding nucleotide monophosphates and ADP (Andres and Fox 1979). The enzyme is substantially more 
active on adenosine than deoxyadenosine in vitro (Hurley at al. 1985) though studies of cultured cells suggest that 
both reactions may be physiologically relevant (Hershfield et al. 1982). The enzyme is a monomer complexed with 
magnesium (Mathews et al. 1998).
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ADA catalyzes the deamination of (deoxy)adenosine ↗

Location: Purine salvage

Stable identifier: R-HSA-74241

Type: transition

Compartments: cytosol

Cytosolic adenosine deaminase (ADA) catalyzes the hydrolysis of 2'deoxyadenosine and adenosine to yield 
deoxyinosine and inosine, respectively, plus ammonia (Akeson et al. 1988). Unpublished crystallographic data (PDB 
3IAR) indicate that the human enzyme is a monomer.

Literature references

Hutton, JJ., States, JC., Wiginton, DA., Akeson, AL., Dusing, MR. (1988). Mutant human adenosine deaminase alleles 
and their expression by transfection into fibroblasts. J Biol Chem, 263, 16291-6. ↗
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PNP catalyzes the conversion of guanine and (deoxy)ribose to (deoxy)guanosine ↗

Location: Purine salvage

Stable identifier: R-HSA-112034

Type: transition

Compartments: cytosol

Cytosolic purine nucleoside phosphorylase (PNP) trimer catalyzes the reversible reaction of guanine with ribose 1-
phosphate or deoxyribose 1-phosphate to form guanosine or deoxyguanosine and orthophosphate (Ealick et al. 1990; 
Wiginton et al. 1980). While PNP is active with either ribose 1-phosphate or deoxyribose 1-phosphate in vitro, levels 
of deoxyribose 1-phosphate are normally low in vivo, limiting the extent of this reaction. PNP deficiency in vivo is 
associated with defects in purine metabolism and leads to immunodeficiency (Williams et al. 1987).

Literature references

Williams, SR., Gekeler, V., McIvor, RS., Martin, Jr, DW. (1987). A human purine nucleoside phosphorylase defi-
ciency caused by a single base change. J Biol Chem, 262, 2332-2338. ↗
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ture of human erythrocytic purine nucleoside phosphorylase at 3.2 A resolution. J Biol Chem, 265, 1812-1820. ↗
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PNP catalyzes the conversion of hypoxanthine and (deoxy)ribose to (deoxy)inosine ↗

Location: Purine salvage

Stable identifier: R-HSA-112033

Type: transition

Compartments: cytosol

Cytosolic purine nucleoside phosphorylase (PNP) trimer catalyzes the reversible reaction of hypoxanthine with 
ribose 1-phosphate or deoxyribose 1-phosphate to form inosine or deoxyinosine and orthophosphate (Ealick et al. 
1990; Wiginton et al. 1980). While PNP is active with either ribose 1-phosphate or deoxyribose 1-phosphate in vitro, 
levels of deoxyribose 1-phosphate are normally low in vivo, limiting the extent of this reaction. PNP deficiency in 
vivo is associated with defects in purine metabolism and leads to immunodeficiency (Williams et al. 1987).

Literature references

Williams, SR., Gekeler, V., McIvor, RS., Martin, Jr, DW. (1987). A human purine nucleoside phosphorylase defi-
ciency caused by a single base change. J Biol Chem, 262, 2332-2338. ↗

Hutton, JJ., Wiginton, DA., Coleman, MS. (1980). Characterization of purine nucleoside phosphorylase from human 
granulocytes and its metabolism of deoxyribonucleosides. J Biol Chem, 255, 6663-6669. ↗

Cook, WJ., Habash, J., Greenhough, TJ., Babu, YS., Carter, DC., Parks, Jr, RE. et al. (1990). Three-dimensional struc-
ture of human erythrocytic purine nucleoside phosphorylase at 3.2 A resolution. J Biol Chem, 265, 1812-1820. ↗
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GMP + NADPH + H+ => IMP + NADP+ + NH4+ (GMPR,GMPR2) ↗

Location: Purine salvage

Stable identifier: R-HSA-514604

Type: transition

Compartments: cytosol

Cytosolic GMP reductase (GMPR) catalyzes the reaction of GMP and NADPH + H+ to yield IMP and NADP+ + 
NH4+ (Spector et al. 1979; Deng et al. 2002). Two GMPR proteins have been identified, GMPR and GMPR2. Both 
proteins form homotetramers (GMPR - unpublished crstallographic data PDB 2BLE; GMPR2 - Li et al. 2006).

Preceded by: HPRT1 catalyzes the conversion of guanine or hypoxanthine to GMP or IMP

Literature references

Deng, Y., Qiu, R., Gu, X., Chen, F., Li, J., Xie, Y. et al. (2006). Crystal structure of human guanosine monophosphate 
reductase 2 (GMPR2) in complex with GMP. J Mol Biol, 355, 980-8. ↗

Gu, S., Deng, Y., Wang, Y., Huang, Y., Ying, K., Gu, X. et al. (2002). NADPH-dependent GMP reductase isoenzyme of 
human (GMPR2). Expression, purification, and kinetic properties. Int J Biochem Cell Biol, 34, 1035-50. ↗

Miller, RL., Jones, TE., Spector, T. (1979). Reaction mechanism and specificity of human GMP reductase. Substrates, 
inhibitors, activators, and inactivators. J Biol Chem, 254, 2308-15. ↗
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