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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 research-
ers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioin-
formaticians 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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Synthesis of IP2, IP, and Ins in the cytosol ↗

Stable identifier: R-HSA-1855183

Inositol phosphates IP2, IP and the six-carbon cyclic alcohol inositol (Ins) are produced by various phos-
phatases and the inositol-3-phosphate synthase 1 (ISYNA1) (Ju et al. 2004, Ohnishi et al. 2007, Irvine & 
Schell 2001, Bunney & Katan 2010).
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I(1,4,5)P3 is dephosphorylated to I(1,4)P2 by INPP5(4) in the cytosol ↗

Location: Synthesis of IP2, IP, and Ins in the cytosol

Stable identifier: R-HSA-1855174

Type: transition

Compartments: cytosol

A group of inositol phosphatases dephosphorylate inositol 1,4,5-trisphosphate (I(1,4,5)P3) to inositol 1,4-
bisphosphate (I(1,4)P2).  The group of inositol phosphatases involved are: inositol polyphosphate 5-phos-
phatase OCRL-1 (OCRL), phosphatidylinositol 4,5-bisphosphate 5-phosphatase A (INPP5J), and synaptic 
inositol-1,4,5-trisphosphate 5-phosphatase 1 (SYNJ1).

The following lists the above proteins with their corresponding literature references: OCRL (Zhang et al. 
1995, Zhang et al. 1998, Schmid et al. 2004); INPP5J (Mochizuki & Thompson 1999); SYNJ1 (Schmid et al. 
2004).

Followed by: I(1,4)P2 is dephosphorylated to I4P by INPP1 in the cytosol

Literature references

Schmid, AC., Wise, HM., Mitchell, CA., Nussbaum, R., Woscholski, R. (2004). Type II phosphoinositide 5-phos-
phatases have unique sensitivities towards fatty acid composition and head group phosphorylation. FEBS Lett, 
576, 9-13. ↗

Mochizuki, Y., Takenawa, T. (1999). Novel inositol polyphosphate 5-phosphatase localizes at membrane ruffles. J 
Biol Chem, 274, 36790-5. ↗
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4,5-bisphosphate. J Biol Chem, 273, 1574-82. ↗
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I(1,4,5)P3 is dephosphorylated to I(1,4)P2 by INPP5A/B at the plasma membrane ↗

Location: Synthesis of IP2, IP, and Ins in the cytosol

Stable identifier: R-HSA-1855222

Type: transition

Compartments: plasma membrane, cytosol

Type I inositol-1,4,5-trisphosphate 5-phosphatase (INPP5A) and the Type II phosphatase (INPP5B) are 
isoprenylated to the plasma membrane and act as a lipid anchor.  Here they dephosphorylate inositol 
1,4,5-trisphosphate (I(1,4,5)P3) to inositol 1,4-bisphosphate I(1,4)P2. ).

The following lists the above proteins with their corresponding literature references: INPP5A (Laxmi-
narayan et al. 1994); INPP5B (Jefferson & Majerus 1995, Ross et al. 1991, Schmid et al. 2004).

Followed by: I(1,4)P2 is dephosphorylated to I4P by INPP1 in the cytosol

Literature references
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Jefferson, AB., Majerus, PW. (1995). Properties of type II inositol polyphosphate 5-phosphatase. J Biol Chem, 270, 
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576, 9-13. ↗
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I(1,4)P2 is dephosphorylated to I4P by INPP1 in the cytosol ↗

Location: Synthesis of IP2, IP, and Ins in the cytosol

Stable identifier: R-HSA-1855208

Type: transition

Compartments: cytosol

Inositol polyphosphate 1-phosphatase (INPP1) dephosphorylates inositol 1,4-bisphosphate (I(1,4)P2) to 
inositol 4-phosphate (I4P) (York et al. 1993).

Preceded by: I(1,4,5)P3 is dephosphorylated to I(1,4)P2 by INPP5(4) in the cytosol, I(1,4,5)P3 is dephos-
phorylated to I(1,4)P2 by INPP5A/B at the plasma membrane

Followed by: I4P is dephosphorylated to Ins by IMPA1/2 in the cytosol

Literature references

York, JD., Veile, RA., Donis-Keller, H., Majerus, PW. (1993). Cloning, heterologous expression, and chromosomal 
localization of human inositol polyphosphate 1-phosphatase. Proc Natl Acad Sci U S A, 90, 5833-7. ↗
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I4P is dephosphorylated to Ins by IMPA1/2 in the cytosol ↗

Location: Synthesis of IP2, IP, and Ins in the cytosol

Stable identifier: R-HSA-1855211

Type: transition

Compartments: cytosol

Inositol monophosphatase 1 (IMPA1) and 2 (IMPA2) homodimers dephosphorylate inositol 4-phosphate 
(I4P) to inositol (Ins). In vitro, IMPA1 and 2 differ in their pH optima and IMPA1 has a significantly great-
er activity on IP4 than does IMPA2 (Ohnishi et al. 2007).

Preceded by: I(1,4)P2 is dephosphorylated to I4P by INPP1 in the cytosol

Literature references

Ohnishi, T., Ohba, H., Seo, KC., Im, J., Sato, Y., Iwayama, Y. et al. (2007). Spatial expression patterns and biochemic-
al properties distinguish a second myo-inositol monophosphatase IMPA2 from IMPA1. J Biol Chem, 282, 637-46. ↗
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I1P is dephosphorylated to Ins by IMPA1/2 in the cytosol ↗

Location: Synthesis of IP2, IP, and Ins in the cytosol

Stable identifier: R-HSA-1855154

Type: transition

Compartments: cytosol

Inositol monophosphatase 1 (IMPA1) and 2 (IMPA2) homodimers dephosphorylate inositol 1-phosphate 
(I1P) to inositol (Ins). In vitro, IMPA1 and 2 differ in their pH optima and IMPA1 has a significantly great-
er activity on IP4 than does IMPA2 (McAllister et al. 1992, Ohnishi et al. 2007).

Literature references

McAllister, G., Whiting, P., Hammond, EA., Knowles, MR., Atack, JR., Bailey, FJ. et al. (1992). cDNA cloning of hu-
man and rat brain myo-inositol monophosphatase. Expression and characterization of the human recombinant 
enzyme. Biochem J, 284, 749-54. ↗
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I(1,3,4)P3 is dephosphorylated to I(1,3)P2 by INPP4A/B in the cytosol ↗

Location: Synthesis of IP2, IP, and Ins in the cytosol

Stable identifier: R-HSA-1855180

Type: transition

Compartments: cytosol

Type I (INPP4A) and type II inositol-3,4-bisphosphate 4-phosphatase (INPP4B) dephosphorylate inositol 
1,3,4-trisphosphate (I(1,3,4)P3) to inositol 1,3-bisphosphate (I(1,3)P2) (Norris et al. 1995, Norris et al. 
1997).

Literature references

Norris, FA., Auethavekiat, V., Majerus, PW. (1995). The isolation and characterization of cDNA encoding human and 
rat brain inositol polyphosphate 4-phosphatase. J Biol Chem, 270, 16128-33. ↗

Norris, FA., Atkins, RC., Majerus, PW. (1997). The cDNA cloning and characterization of inositol polyphosphate 4-
phosphatase type II. Evidence for conserved alternative splicing in the 4-phosphatase family. J Biol Chem, 272, 
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I(1,3,4)P3 is dephosphorylated to I(3,4)P2 by INPP1 in the cytosol ↗

Location: Synthesis of IP2, IP, and Ins in the cytosol

Stable identifier: R-HSA-1855232

Type: transition

Compartments: cytosol

Inositol polyphosphate 1-phosphatase (INPP1) dephosphorylates inositol 1,3,4-trisphosphate (I(1,3,4)P3) 
to inositol 3,4-bisphosphate (I(3,4)P2) (York et al. 1993).

Followed by: I(3,4)P2 is dephosphorylated to I3P by INPP4A/B in the cytosol

Literature references

York, JD., Veile, RA., Donis-Keller, H., Majerus, PW. (1993). Cloning, heterologous expression, and chromosomal 
localization of human inositol polyphosphate 1-phosphatase. Proc Natl Acad Sci U S A, 90, 5833-7. ↗
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I(3,4)P2 is dephosphorylated to I3P by INPP4A/B in the cytosol ↗

Location: Synthesis of IP2, IP, and Ins in the cytosol

Stable identifier: R-HSA-1855202

Type: transition

Compartments: cytosol

Type I (INPP4A) and type II inositol-3,4-bisphosphate 4-phosphatase (INPP4B) dephosphorylate inositol 
3,4-bisphosphate (I(3,4)P2) to inositol 3-phosphate (I3P) (Norris et al. 1995, Norris et al. 1997).

Preceded by: I(1,3,4)P3 is dephosphorylated to I(3,4)P2 by INPP1 in the cytosol

Followed by: I3P is dephosphorylated to Ins by IMPA1/2 in the cytosol

Literature references

Norris, FA., Auethavekiat, V., Majerus, PW. (1995). The isolation and characterization of cDNA encoding human and 
rat brain inositol polyphosphate 4-phosphatase. J Biol Chem, 270, 16128-33. ↗

Norris, FA., Atkins, RC., Majerus, PW. (1997). The cDNA cloning and characterization of inositol polyphosphate 4-
phosphatase type II. Evidence for conserved alternative splicing in the 4-phosphatase family. J Biol Chem, 272, 
23859-64. ↗
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Glc6P is isomerised to I3P by ISYNA1 in the cytosol ↗

Location: Synthesis of IP2, IP, and Ins in the cytosol

Stable identifier: R-HSA-1855178

Type: transition

Compartments: cytosol

Inositol-3-phosphate synthase 1 (ISYNA1) aka hIPS isomerises glucose 6-phosphate (Glc6P) to inositol 3-
phosphate (I3P) (Ju et al. 2004).

Followed by: I3P is dephosphorylated to Ins by IMPA1/2 in the cytosol

Literature references

Ju, S., Shaltiel, G., Shamir, A., Agam, G., Greenberg, ML. (2004). Human 1-D-myo-inositol-3-phosphate synthase is 
functional in yeast. J Biol Chem, 279, 21759-65. ↗
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I3P is dephosphorylated to Ins by IMPA1/2 in the cytosol ↗

Location: Synthesis of IP2, IP, and Ins in the cytosol

Stable identifier: R-HSA-1855210

Type: transition

Compartments: cytosol

Inositol monophosphatase 1 (IMPA1) and 2 (IMPA2) homodimers dephosphorylate inositol 3-phosphate 
(I3P) to inositol (Ins). In vitro, IMPA1 and 2 differ in their pH optima and IMPA1 has a significantly great-
er activity on IP4 than does IMPA2 (Ohnishi et al. 2007).

Preceded by: I(3,4)P2 is dephosphorylated to I3P by INPP4A/B in the cytosol, Glc6P is isomerised to I3P 
by ISYNA1 in the cytosol

Followed by: MIOX oxidises Ins to GlcA

Literature references

Ohnishi, T., Ohba, H., Seo, KC., Im, J., Sato, Y., Iwayama, Y. et al. (2007). Spatial expression patterns and biochemic-
al properties distinguish a second myo-inositol monophosphatase IMPA2 from IMPA1. J Biol Chem, 282, 637-46. ↗
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MIOX oxidises Ins to GlcA ↗

Location: Synthesis of IP2, IP, and Ins in the cytosol

Stable identifier: R-HSA-5678327

Type: transition

Compartments: cytosol

Inositol oxidase (MIOX) catalyses the oxidation of inositol (Ins) to glucuronic acid (GlcA). MIOX binds 
two Fe2+ ions as cofactor (Arner et al. 2004, Thorsell et al. 2008).

Preceded by: I3P is dephosphorylated to Ins by IMPA1/2 in the cytosol

Literature references

Arner, RJ., Prabhu, KS., Reddy, CC. (2004). Molecular cloning, expression, and characterization of myo-inositol oxy-
genase from mouse, rat, and human kidney. Biochem. Biophys. Res. Commun., 324, 1386-92. ↗

Thorsell, AG., Persson, C., Voevodskaya, N., Busam, RD., Hammarström, M., Gräslund, S. et al. (2008). Structural 
and biophysical characterization of human myo-inositol oxygenase. J. Biol. Chem., 283, 15209-16. ↗
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I(1,3)P2 is dephosphorylated into I1P by MTMR7 ↗

Location: Synthesis of IP2, IP, and Ins in the cytosol

Stable identifier: R-HSA-6809561

Type: transition

Compartments: cytosol

Inferred from: I(1,3)P2 is dephosphorylated into I1P by Mtmr7 (Mus musculus)

MTMR7 dephosphorylates inositol-1,3-bisphosphate, I(1,3)P2, acting as an inositol-1,3-bisphosphate 3-
phosphatase (Mochizuki and Majerus 2003).

Literature references

Mochizuki, Y., Majerus, PW. (2003). Characterization of myotubularin-related protein 7 and its binding partner, 
myotubularin-related protein 9. Proc Natl Acad Sci U S A, 100, 9768-73. ↗
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MTMR7 binds MTMR9 ↗

Location: Synthesis of IP2, IP, and Ins in the cytosol

Stable identifier: R-HSA-6809238

Type: binding

Compartments: cytosol

Inferred from: Mtmr7 binds Mtmr9 (Mus musculus)

MTMR7 binds to MTMR9, an enzymatically inactive myotubularin family member, which results in in-
creased enzymatic activity of MTMR7. Almost all MTMR7 in the cell is present in the complex with MT-
MR9 (Mochizuki and Majerus 2003).

Followed by: I(1,3)P2 is dephosphorylated into I1P by MTMR7:MTMR9

Literature references

Mochizuki, Y., Majerus, PW. (2003). Characterization of myotubularin-related protein 7 and its binding partner, 
myotubularin-related protein 9. Proc Natl Acad Sci U S A, 100, 9768-73. ↗
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I(1,3)P2 is dephosphorylated into I1P by MTMR7:MTMR9 ↗

Location: Synthesis of IP2, IP, and Ins in the cytosol

Stable identifier: R-HSA-6809565

Type: transition

Compartments: cytosol

Inferred from: I(1,3)P2 is dephosphorylated into I1P by Mtmr7:Mtmr9 (Mus musculus)

Formation of a complex with MTMR9 results in 2- to 5-fold increase in MTMR7 inositol-1,3-bisphosphate 
3-phosphatase catalytic activity (Mochizuki and Majerus 2003).

Preceded by: MTMR7 binds MTMR9

Literature references

Mochizuki, Y., Majerus, PW. (2003). Characterization of myotubularin-related protein 7 and its binding partner, 
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