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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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Sulfur amino acid metabolism ↗

Stable identifier: R-HSA-1614635

The main sulfur amino acids are methionine, cysteine, homocysteine and taurine. Of these, the first two are 
proteinogenic. 
 
This group of reactions contains all processes that 1) break down sulfur amino acids, 2) interconvert between them, 
and 3) synthesize them from solved sulfide which comes from sulfate assimilation and reduction. Only plants and 
microorganisms employ all processes. Humans cannot de novo synthesize any sulfur amino acid, nor convert 
cysteine to methionine (Brosnan & Brosnan, 2006).
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Methionine salvage pathway ↗

Location: Sulfur amino acid metabolism

Stable identifier: R-HSA-1237112

Compartments: cytosol

Methionine salvage is a sequential pathway of six reactions that create methionine from 5'-methylthioadenosine 
(MTA) which is a byproduct of polyamine biosynthesis in nearly all organisms. The process happens completely in 
the cytosol. It is important in humans for recycling of sulphur that has to be assimilated using energy. (Pirkov et al, 
2008; Albers, 2009)
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MAT1A multimers transfer Ado from ATP to L-Met ↗

Location: Sulfur amino acid metabolism

Stable identifier: R-HSA-174391

Type: transition

Compartments: cytosol

S-adenosylmethionine (AdoMet, SAM) is an essential metabolite in all cells. AdoMet is a precursor in the synthesis 
of polyamines. Methionine adenosyltransferases (MAT) catalyse the only known AdoMet biosynthetic reaction from 
methionine (L-Met) and ATP. In mammalian tissues, three different forms of MAT (MAT I, MAT III and MAT II) 
have been identified that are the product of two different genes (MAT1A and MAT2A). MAT1A binds 1 K+ and 2 
Mg2+ (or Co2+, not shown here) in tetrameric or dimeric form (Corrales et al. 2002, Mato et al. 1997).
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MTR transfers CH3 from MeCbl to HCYS ↗

Location: Sulfur amino acid metabolism

Stable identifier: R-HSA-174374

Type: transition

Compartments: cytosol

Methionine synthase (MTR) mediates the continuous shuttling of cobalamin (Cbl) between two forms, cob(I)alamin 
and MeCbl. In this half reaction, the methyl group from MeCbl is transferred to homocysteine (HYCS) to form 
methionine and regenerate cob(I)alamin (Hall et al. 2000; Leclerc et al. 1996).

Preceded by: AHCY:NAD+ tetramer hydrolyses AdoHcy
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AHCY:NAD+ tetramer hydrolyses AdoHcy ↗

Location: Sulfur amino acid metabolism

Stable identifier: R-HSA-174401

Type: transition

Compartments: cytosol

Adenosylhomocysteinase (AHCY) is a tetrameric, NAD+-bound, cytosolic protein that regulates all 
adenosylmethionine-(AdoMet) dependent transmethylations by hydrolysing the feedback inhibitor 
adenosylhomocysteine (AdoHcy) to homocysteine (HCYS) and adenosine (Ade-Rib) (Turner et al. 1998, Yang et al. 
2003).

Followed by: BHMT tetramer transfers CH3 group from BET to HCYS to form DMGLY, MTR transfers 
CH3 from MeCbl to HCYS
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BHMT tetramer transfers CH3 group from BET to HCYS to form DMGLY ↗

Location: Sulfur amino acid metabolism

Stable identifier: R-HSA-1614654

Type: transition

Compartments: cytosol

Remethylation of homocysteine (HCYS) to methionine (L-Met) can also proceed by using betaine (BET) as a methyl 
donor, which is oxidised to dimethylglycine (DMGLY). This reaction is also part of choline catabolism, thereby 
providing a link to folate-dependent, one-carbon metabolism (Li et al. 2008).

Preceded by: AHCY:NAD+ tetramer hydrolyses AdoHcy
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BHMT2 tetramer transfers CH3 group from SMM to LHCYS ↗

Location: Sulfur amino acid metabolism

Stable identifier: R-HSA-5696838

Type: transition

Compartments: cytosol

L-homocysteine (LHCYS) is derived from L-methionine (L-Met) and can either be remethylated to reform L-Met or 
take part in cysteine biosynthesis via the trans-sulfuration pathway. LHCYS remethylation can occur by the action of 
two enzymes; cobalamin-dependent methionine synthase and betaine-homocysteine methyltransferase, using 
methyltetrahydrofolate and betaine respectively as methyl donors. A third enzyme, S-methylmethionine-
homocysteine S-methyltransferase (BHMT2), can use S-methylmethionine (SMM) as the methyl donor to methylate 
LHCYS and reform L-Met. BHMT2 is a tetrameric, cytosolic enzyme that requires one Zn2+ ion per subunit as 
cofactor (Szegedi et al. 2008).
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Cysteine formation from homocysteine ↗

Location: Sulfur amino acid metabolism

Stable identifier: R-HSA-1614603

Transsulfuration is the interconversion of homocysteine and cysteine, and it fully takes place in bacteria and some 
plants and fungi. Animals however have only one direction of this bidirectional path, the synthesis of cysteine from 
homocysteine via cystathionine. Because excess cysteine is degraded to hydrogen sulfide, which is now known as a 
neuromodulator and smooth muscle relaxant, this pathway is also the main source of its production, which takes 
place in the cytosol, as well as in extracellular space (Dominy & Stipanuk 2004, Bearden et al. 2010).
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Degradation of cysteine and homocysteine ↗

Location: Sulfur amino acid metabolism

Stable identifier: R-HSA-1614558

While in humans excess methionine is converted to homocysteine, homocysteine and its transsulfuration product 
cysteine can be degraded to several end products, two of which, taurine and hydrogen sulfide, have uses in other 
biological processes (Stipanuk & Ueki 2011).
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