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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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Creatine metabolism ↗

Stable identifier: R-HSA-71288

Compartments: mitochondrial inner membrane, mitochondrial intermembrane space, cytosol, plasma 
membrane

In humans, creatine is synthesized primarily in the liver and kidney, from glycine, arginine, and S-
adenosylmethionine, in a sequence of two reactions. From the liver, creatine is exported to tissues such as skeletal 
muscle and brain, where it undergoes phosphorylation and serves as a short-term energy store. The mechanism by 
which creatine leaves producer tissues is unclear, but its uptake by consumer tissues is mediated by the SLC6A8 
transporter.

Once formed, phosphocreatine undergoes a slow spontaneous reaction to form creatinine, which is excreted from the 
body.
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arginine + glycine => ornithine + guanidoacetate ↗

Location: Creatine metabolism

Stable identifier: R-HSA-71275

Type: transition

Compartments: mitochondrial intermembrane space

Glycine amindinotransferase, localized to the mitochondrial intermembrane space, catalyzes the reaction of arginine 
and glycine to form guanidinoacetate and ornithine. The active form of the enzyme is a dimer (Humm et al. 1997 
{EMBO J]; Humm et al 1997 [Biochem J]). Its function in vivo has been confirmed by molecular and biochemical 
studies of patients deficient in the enzyme (Item et al. 2001).

Followed by: guanidinoacetate + S-adenosylmethionine => creatine + S-adenosylhomocysteine
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guanidinoacetate + S-adenosylmethionine => creatine + S-adenosylhomocysteine ↗

Location: Creatine metabolism

Stable identifier: R-HSA-71286

Type: transition

Compartments: cytosol

Cytosolic guanidinoacetate methyltransferase catalyzes the reaction of S-adenosylmethionine and guanidinoacetate 
to form S-adenosylhomocysteine and creatine (Stockler et al. 1996).

Preceded by: arginine + glycine => ornithine + guanidoacetate

Followed by: creatine + ATP => phosphocreatine + ADP [CKB,CKM], creatine + ATP => phosphocreatine + 
ADP [CK octamer]
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creatine + ATP => phosphocreatine + ADP [CKB,CKM] ↗

Location: Creatine metabolism

Stable identifier: R-HSA-200318

Type: transition

Compartments: cytosol

Cytosolic creatine kinase catalyzes the reaction of creatine and ATP to form phosphocreatine and ADP. The active 
form of the enzyme is a dimer. Monomers of the cytosolic enzyme occur in two isoforms, B and M, so called 
because of their abundance in brain and muscle respectively. The enzyme is widely expressed in the body and many 
tissues express both isoforms. Both homo- (BB, MM) and heterodimers (BM) are catalytically active.

Preceded by: Creatine transport across the plasma membrane, guanidinoacetate + S-adenosylmethion-
ine => creatine + S-adenosylhomocysteine

Followed by: phosphocreatine + H2O => creatinine + orthophosphate

Literature references
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creatine + ATP => phosphocreatine + ADP [CK octamer] ↗

Location: Creatine metabolism

Stable identifier: R-HSA-200326

Type: transition

Compartments: mitochondrial inner membrane, cytosol

Creatine kinase octamers associated with the inner mitochondrial membrane catalyze the reaction of creatine and 
ATP to form phosphocreatine and ADP. Two mitochondrial creatine kinase proteins have been identified, one 
encoded by CKMT1A and B that is found in many tissues and one encoded by CKMT2 that is found in sarcomeres 
(Haas et al. 1988; Haas and Straus 1990). Studies of sarcomeric creatine kinase octamers suggest that their 
organization and association with phospholipids in the inner mitochondrial membrane may facilitate energy transfer 
from ATP generated in the mitochondrial matrix to cytosolic phosphocreatine (Khuchua et al. 1998; Schlattner et al. 
2004).

Preceded by: Creatine transport across the plasma membrane, guanidinoacetate + S-adenosylmethion-
ine => creatine + S-adenosylhomocysteine

Followed by: phosphocreatine + H2O => creatinine + orthophosphate
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phosphocreatine + H2O => creatinine + orthophosphate ↗

Location: Creatine metabolism

Stable identifier: R-HSA-71287

Type: transition

Compartments: cytosol

Cytosolic phosphocreatine spontaneously hydrolyzes to yield creatinine and orthophosphate (Borsook and Dubnoff 
1947). Creatinine cannot be metabolized further and is excreted from the body in the urine. Creatinine formation 
proceeds at a nearly constant rate and the amount produced by an individual is a function of muscle mass, so urinary 
creatinine output is clinically useful as a normalization factor in assays of urinary output of other molecules. Iyengar 
et al. (1985) have suggested that an alternative reaction sequence, proceeding via phosphocreatinine but also 
spontaneous, may contribute to creatinine formation.

Preceded by: creatine + ATP => phosphocreatine + ADP [CKB,CKM], creatine + ATP => phosphocreatine 
+ ADP [CK octamer]

Literature references
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Creatine transport across the plasma membrane ↗

Location: Creatine metabolism

Stable identifier: R-HSA-200396

Type: transition

Compartments: plasma membrane

The SLC6A8 transport protein associated with the plasma membrane mediates the uptake of extracellular creatine 
and a sodium ion (Sora et al. 1994). Molecular and biochemical studies of patients deficient in SLC6A8 protein 
confirm this function in vivo (e.g., Salomons et al. 2003).

Followed by: creatine + ATP => phosphocreatine + ADP [CKB,CKM], creatine + ATP => phosphocreatine + 
ADP [CK octamer]
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