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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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Synthesis of wybutosine at G37 of tRNA(Phe) ↗

Stable identifier: R-HSA-6782861

Derivatives of wyosine are tricyclic bases found at nucleotide 37 of tRNA(Phe) in eukaryotes. The pathway of 
wybutosine synthesis begins with a templated guanosine residue and proceeds through 6 steps catalyzed by 5 
enzymes: N1 methylation of guanosine, condensation of 1-methylguanosine with pyruvate to yield 4-
demethylwyosine, addition of an aminocarboxypropyl group to yield yW-86, methylation of yW-86 to yield yW-72, 
methylation of yW-72 to yield yW-58, and methoxycarbonylation of yW-58 to yield wybutosine (reviewed in Young 
and Bandarian 2013, Perche-Letuvée et al. 2014). Wybutosine may further be modified by hydroxylation and 
methylation. Wyosine derivatives at position 37 of tRNAs participate in translational fidelity by stabilizing codon-
anticodon pairing (Konevega et al. 2004) and preventing frameshifting (Waas et al. 2007).
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TRMT5 methylates guanosine yielding 1-methylguanosine at nucleotide 37 of 
tRNA(Phe) ↗

Location: Synthesis of wybutosine at G37 of tRNA(Phe)

Stable identifier: R-HSA-6782859

Type: transition

Compartments: nucleoplasm

Inferred from: TRM5 methylates guanosine yielding 1-methylguanosine at nucleotide 37 of tRNA(Phe) 
(Saccharomyces cerevisiae)

TRMT5 transfers a methyl group from S-adenosylmethionine to the 1 position of guanosine-37 of tRNA(Phe) (Brulé 
et al. 2004, Christian et al. 2013). The yeast homolog, TRM5, catalyzes the same reaction.

Followed by: TYW1:FMN:4Fe-4S  transforms 1-methylguanosine yielding yW-187 (4-demethylwyosine) at 
nucleotide 37 of tRNA(Phe)

Literature references
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TYW1:FMN:4Fe-4S  transforms 1-methylguanosine yielding yW-187 (4-demethyl-
wyosine) at nucleotide 37 of tRNA(Phe) ↗

Location: Synthesis of wybutosine at G37 of tRNA(Phe)

Stable identifier: R-HSA-6782895

Type: transition

Compartments: cytoplasm

Inferred from: TYW1:FMN:4Fe-4S transforms 1-methylguanosine yielding yW-187 at nucleotide 37 of 
tRNA(Phe) (Saccharomyces cerevisiae)

As inferred from homologs in Saccharomyces cerevisiae, TYW1 in a complex with FMN and an iron-sulfur cluster 
transfers 2 carbon atoms from pyruvate to 1-methylguanosine-37 of tRNA(Phe), yielding yW-187 (4-
demethylwyosine) at nucleotide 37.

Preceded by: TRMT5 methylates guanosine yielding 1-methylguanosine at nucleotide 37 of tRNA(Phe)

Followed by: TRMT12 transforms yW-187 yielding yW-86 at nucleotide 37 of tRNA(Phe)
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TRMT12 transforms yW-187 yielding yW-86 at nucleotide 37 of tRNA(Phe) ↗

Location: Synthesis of wybutosine at G37 of tRNA(Phe)

Stable identifier: R-HSA-6782893

Type: transition

Compartments: cytoplasm

Inferred from: TRM12 transforms yW-187 yielding yW-86 at nucleotide 37 of tRNA(Phe) (Saccharomyces 
cerevisiae)

As inferred from homologs in Saccharomyces cerevisiae, TRM12 transfers an aminocarboxypropyl group from S-
adenosymethionine to yW-187 (4-demethylwyosine) at nucleotide 37 of tRNA(Phe), yielding yW-86 (7-((3S)-3-
amino-3-carboxypropyl)-4-demethylwyosine) and S-methyl-5'-thioadenosine.

Preceded by: TYW1:FMN:4Fe-4S  transforms 1-methylguanosine yielding yW-187 (4-demethylwyosine) at 
nucleotide 37 of tRNA(Phe)

Followed by: TYW3 methylates yW-86 yielding yW-72 at nucleotide 37 of tRNA(Phe)

Literature references

Suzuki, T., Chandrasekharappa, SC., Rodriguez, V., Noma, A., Carlson, BA., Vasudevan, S. et al. (2012). Structure-
function analysis of human TYW2 enzyme required for the biosynthesis of a highly modified Wybutosine (yW) 
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TYW3 methylates yW-86 yielding yW-72 at nucleotide 37 of tRNA(Phe) ↗

Location: Synthesis of wybutosine at G37 of tRNA(Phe)

Stable identifier: R-HSA-6782879

Type: transition

Compartments: cytoplasm

Inferred from: TYW3 methylates yW-86 yielding yW-72 at nucleotide 37 of tRNA(Phe) (Saccharomyces 
cerevisiae)

As inferred from homologs in Saccharomyces cerevisiae, TYW3 transfers a methyl group from S-
adenosylmethionine to yW-86 (7-((3S)-(3-amino-3-carboxypropyl))-4-demethylwyosine) at nucleotide 37 of 
tRNA(Phe), yielding yW-72 (7-((3S)-(3-amino-3-carboxypropyl))wyosine) and S-adenosylhomocysteine.

Preceded by: TRMT12 transforms yW-187 yielding yW-86 at nucleotide 37 of tRNA(Phe)

Followed by: TYW5 hydroxylates yW-72 yielding OHyW-72 at nucleotide 37 of tRNA(Phe), LCMT2 
methylates yW-72 yielding yW-58 at nucleotide 37 of tRNA(Phe)
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LCMT2 methylates yW-72 yielding yW-58 at nucleotide 37 of tRNA(Phe) ↗

Location: Synthesis of wybutosine at G37 of tRNA(Phe)

Stable identifier: R-HSA-6782881

Type: transition

Compartments: cytoplasm

Inferred from: PPM2 methylates yW-72 yielding yW-58 at nucleotide 37 of tRNA(Phe) (Saccharomyces 
cerevisiae)

As inferred from homologues in Saccharomyces cerevisiae, LCMT2 (TYW4) transfers a methyl group from S-
adenosylmethionine to yW-72 (7-((3S)-3-amino-3-carboxypropyl)wyosine) at nucleotide 37 of tRNA(Phe), yielding 
yW-58 (7-((3S)-3-amino-3-(methoxycarbonyl)propyl)wyosine) and S-adenosylhomocysteine.

Preceded by: TYW3 methylates yW-86 yielding yW-72 at nucleotide 37 of tRNA(Phe)

Followed by: LCMT2 methoxycarbonylates yW-58 yielding yW (wybutosine) at nucleotide 37 of 
tRNA(Phe)
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LCMT2 methoxycarbonylates yW-58 yielding yW (wybutosine) at nucleotide 37 of 
tRNA(Phe) ↗

Location: Synthesis of wybutosine at G37 of tRNA(Phe)

Stable identifier: R-HSA-6782890

Type: transition

Compartments: cytoplasm

Inferred from: PPM2 methoxycarbonylates yW-58 yielding yW at nucleotide 37 of tRNA(Phe) (Saccharo-
myces cerevisiae)

As inferred from homologues in Saccharomyces cerevisiae, LCMT2 (TYW4) methoxycarbonylates yW-58 (7-((3S)-
3-amino-3-(methoxycarbonyl)propyl)wyosine) at nucleotide 37 of tRNA(Phe) yielding yW (wybutosine). A 
molecule of carbon dioxide is incorporated during the reaction.

Preceded by: LCMT2 methylates yW-72 yielding yW-58 at nucleotide 37 of tRNA(Phe)
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TYW5 hydroxylates yW-72 yielding OHyW-72 at nucleotide 37 of tRNA(Phe) ↗

Location: Synthesis of wybutosine at G37 of tRNA(Phe)

Stable identifier: R-HSA-6783455

Type: transition

Compartments: cytoplasm

TYW5 uses 2-oxoglutarate and molecular oxygen to hydroxylate yW-72 (7-(3-amino-3-carboxypropyl)wyosine) at 
nucleotide 37 of tRNA(Phe), yielding OHyW-72 (7-(2-hydroxy-3-amino-3-carboxypropyl)wyosine), carbon dioxide, 
and succinate (Noma et al. 2010, Kato et al. 2011).

Preceded by: TYW3 methylates yW-86 yielding yW-72 at nucleotide 37 of tRNA(Phe)

Followed by: LCMT2 methoxycarbonylates OHyW-72 yielding OHyW (hydroxywybutosine) at nucleotide 
37 of tRNA(Phe)

Literature references
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LCMT2 methoxycarbonylates OHyW-72 yielding OHyW (hydroxywybutosine) at nuc-
leotide 37 of tRNA(Phe) ↗

Location: Synthesis of wybutosine at G37 of tRNA(Phe)

Stable identifier: R-HSA-6783473

Type: transition

Compartments: cytoplasm

LCMT2 (TYW4) methoxycarbonylates OHyW-72 (7-(2-hydroxy-3-amino-3-carboxypropyl)wyosine) at nucleotide 
37 of tRNA(Phe), yielding OHyW (hydroxywybutosine) (Noma et al. 2010).

Preceded by: TYW5 hydroxylates yW-72 yielding OHyW-72 at nucleotide 37 of tRNA(Phe)

Literature references
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