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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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Selenocysteine synthesis ↗

Stable identifier: R-HSA-2408557

Selenocysteine, the 21st genetically encoded amino acid, is the major form of the antioxidant trace element selenium 
in the human body. In eukaryotes and archaea its synthesis proceeds through a phosphorylated intermediate in a 
tRNA-dependent fashion. The final step of selenocysteine formation is catalyzed by O-phosphoseryl-
tRNA:selenocysteinyl-tRNA synthase (SEPSECS) that converts phosphoseryl-tRNA(Sec) to selenocysteinyl-
tRNA(Sec).
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tRNA(Sec) is serylated to Ser-tRNA(Sec) by SARS dimer ↗

Location: Selenocysteine synthesis

Stable identifier: R-HSA-2408526

Type: transition

Compartments: cytosol

The synthetic cycle of selenocysteine (Sec) synthesis starts with misacylation (serylation) of the cognate transfer 
RNA (tRNA) for Sec, tRNASec, with serine (Ser) by Serine--tRNA ligase (SARS) homodimer. The structural 
homology of tRNASec and tRNASer enables SARS to form Ser-tRNASec (Vincent et al. 1997, Amberg et al. 1996, 
Heckl et al. 1998).

Followed by: Ser-tRNA(Sec) is phosphorylated to Sep-tRNA(Sec) by PSTK
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Ser-tRNA(Sec) is phosphorylated to Sep-tRNA(Sec) by PSTK ↗

Location: Selenocysteine synthesis

Stable identifier: R-HSA-2408507

Type: transition

Compartments: cytosol

Inferred from: Ser-tRNA(Sec) is phosphorylated to Sep-tRNA(Sec) by Pstk (Mus musculus)

L-seryl-tRNA(Sec) kinase (PSTK) phosphorylates the serylated transfer RNA (tRNA) for Sec (Ser-tRNASec) to 
form Sep-tRNASec in the presence of ATP and Mg2+. PSTK exhibits a strict selectivity for Ser-tRNASec. It does 
not phosphorylate free Ser or Ser attached to its cognate tRNASer. This reaction involving PSTK is inferred from the 
equivalent reaction in mouse.

Preceded by: tRNA(Sec) is serylated to Ser-tRNA(Sec) by SARS dimer

Followed by: Sep-tRNA(Sec) is converted to Sec-tRNA(Sec) by PXLP-K284-SEPSECS tetramer
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SEPHS2 phosphorylates H2Se to form SELP ↗

Location: Selenocysteine synthesis

Stable identifier: R-HSA-8959510

Type: transition

Compartments: cytosol

Selenoproteins are proteins that incorporate the nonstandard amino acid selenocysteine (Sec) in response to the UGA 
codon. Sec is synthesised in several steps from hydrogen selenide (H2Se), an intermediate formed from dietary 
sources of selenium. In the first step, cytosolic selenide water dikinase 2 (SEPHS2 aka SPS2) mediates the 
phosphorylation of H2Se using ATP as the phosphate donor, forming selenophosphate (SELP) (Tamura et al. 2004).

Literature references

Stadtman, TC., Tamura, T., Sakaguchi, H., Takahata, M., Tanaka, H., Yamamoto, S. et al. (2004). Selenophosphate 
synthetase genes from lung adenocarcinoma cells: Sps1 for recycling L-selenocysteine and Sps2 for selenite as-
similation. Proc. Natl. Acad. Sci. U.S.A., 101, 16162-7. ↗

Editions
2017-01-26 Authored, Edited Jassal, B.

2017-01-30 Reviewed D'Eustachio, P.

https://reactome.org Page 6

https://reactome.org/content/detail/R-HSA-8959510
http://www.ncbi.nlm.nih.gov/pubmed/15534230
https://reactome.org


Sep-tRNA(Sec) is converted to Sec-tRNA(Sec) by PXLP-K284-SEPSECS tetramer ↗

Location: Selenocysteine synthesis

Stable identifier: R-HSA-2408555

Type: transition

Compartments: cytosol

O-phosphoseryl-tRNA(Sec) selenium transferase (SEPSECS) tetramer catalyses the transformation of phosphoserine 
(Sep) into selenocysteine (Sec) by using selenophosphate (SELP) as a selenium donor to convert the 
phosphoserylated transfer RNA (tRNA) for Sec (Sep-tRNASec) into Sec-tRNASec (Palioura et al. 2009, Yuan et al. 
2006).

Preceded by: Ser-tRNA(Sec) is phosphorylated to Sep-tRNA(Sec) by PSTK

Followed by: Sec-tRNA(Sec) binds to EEFSEC:GTP
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Sec-tRNA(Sec) binds to EEFSEC:GTP ↗

Location: Selenocysteine synthesis

Stable identifier: R-HSA-2408509

Type: binding

Compartments: cytosol

Inferred from: Sec-tRNA(Sec) binds to Eefsec:GTP (Mus musculus)

The final product, selenocysteinyl transfer RNA (tRNA) for Sec (Sec-tRNASec) binds to selenocysteine-specific 
elongation factor (EEFSEC) aka SelB complexed with GTP. This complex is now ready to be delivered to the 80S 
ribosome. This reaction is inferred from the equivalent reaction in mouse.

Preceded by: Sep-tRNA(Sec) is converted to Sec-tRNA(Sec) by PXLP-K284-SEPSECS tetramer

Followed by: Sec-tRNA(Sec):EEFSEC:GTP binds to 80S Ribosome
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Sec-tRNA(Sec):EEFSEC:GTP binds to 80S Ribosome ↗

Location: Selenocysteine synthesis

Stable identifier: R-HSA-2408529

Type: binding

Compartments: cytosol

Inferred from: Sec-tRNA(Sec):Eefsec:GTP binds to Rpl30 (Rattus norvegicus)

The complex consisting of selenocysteinyl (Sec) transfer RNA (tRNA) for Sec (Sec-tRNASec), selenocysteine-
specific elongation factor (EEFSEC) aka SelB, selenocysteine insertion sequence-binding protein 2 (SECISBP2) aka 
SBP2 and GTP interacts with the 80S ribosomal protein complex (80S:Met-tRNAi:mRNA). This reaction is inferred 
from events occurring in rats.

Preceded by: Sec-tRNA(Sec) binds to EEFSEC:GTP

Followed by: 80S:Met-tRNAi:mRNA:SECISBP2:Sec-tRNA(Sec):EEFSEC:GTP is hydrolysed to 80S:Met-
tRNAi:mRNA:SECISBP2:Sec and EEFSEC:GDP by EEFSEC
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80S:Met-tRNAi:mRNA:SECISBP2:Sec-tRNA(Sec):EEFSEC:GTP is hydrolysed to 
80S:Met-tRNAi:mRNA:SECISBP2:Sec and EEFSEC:GDP by EEFSEC ↗

Location: Selenocysteine synthesis

Stable identifier: R-HSA-5333615

Type: transition

Compartments: cytosol

Inferred from: Rpl30:Met-tRNAi:mRNA:Secisbp2:Sec-tRNA(Sec):Eefsec:GTP is hydrolysed to Rpl30:Met-
tRNAi:mRNA:Secisbp2:Sec and Eefsec:GDP by Eefsec (Rattus norvegicus)

The complex consisting of selenocysteinyl (Sec) transfer RNA (tRNA) for Sec (Sec-tRNASec), selenocysteine-
specific elongation factor (EEFSEC) aka SelB, selenocysteine insertion sequence-binding protein 2 (SECISBP2) aka 
SBP2 and GTP interacts with the 80S ribosomal protein complex (80S:Met-tRNAi:mRNA). This triggers the 
hydrolysis of GTP (to GDP) by EEFSEC and delivery of Sec-tRNASec to the ribosomal A site. Before the Sec 
residue is inserted into the nascent polypeptide chain, EEFSEC:GDP is released. This reaction is inferred from 
events occurring in rats.

Preceded by: Sec-tRNA(Sec):EEFSEC:GTP binds to 80S Ribosome

Literature references
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