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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 hormal 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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IRE1lalpha activates chaperones 7

Stable identifier: R-HSA-381070

Compartments: endoplasmic reticulum lumen, endoplasmic reticulum membrane, cytosol, nucleo-

plasm

IRE1-alphais a single-pass transmembrane protein that resides in the endoplasmic reticulum (ER) membrane. The
C-terminus of IRE1-alphais located in the cytosol; the N-terminus is located in the ER lumen. In unstressed cells
IRE1-alpha exists in an inactive heterodimeric complex with BiP such that BiP in the ER lumen binds the N-terminal
region of IRE1-alpha Upon accumulation of unfolded proteins in the ER, BiP binds the unfolded protein and the
IRE1-alpha:BiP complex dissociates. The dissociated |RE1-alpha then forms homodimers. Initialy the luminal N-
terminal regions pair. Thisis followed by trans-autophosphorylation of IRE1-alpha at Ser724 in the cytosolic C-
terminal region. The phosphorylation causes a conformational change that allows the dimer to bind ADP, causing a
further conformational change to yield back-to-back pairing of the cytosolic C-terminal regions of IRE1-alpha The
fully paired IRE1-alpha homodimer has endoribonuclease activity and cleaves the mRNA encoding Xbp-1. A 26
residue polyribonucleotide is released and the 5' and 3' fragments of the original Xbp-1 mRNA are rejoined. The
spliced Xbp-1 message encodes Xbp-1 (S), a potent activator of transcription. Xbp-1 (S) together with the ubiquitous
transcription factor NF-Y bind the ER Stress Responsive Element (ERSE) in a number of genes encoding
chaperones. Recent data suggest that the IRE1-alpha homodimer can also cleave specific subsets of mMRNAS,
including the insulin (INS) mRNA in pancreatic beta cells.
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IRE1:BiP dissociates in response to unfolded protein 7
Location: [RElalpha activates chaperones

Stable identifier: R-HSA-381217

Type: transition

Compartments: endoplasmic reticulum membrane, endoplasmic reticulum lumen

| IRE1:BiP I [} > ERN1

unfolded BiP:Unfolded
protein Protein

endoplasmic reticulum lumen

endoplasmic reticulum membrane
IRE1-alphais a single-pass transmembrane protein with aluminal N-terminus and a cytoplasmic C-terminus. IRE1-
alphais maintained in an inactive state in the Endoplasmic Reticulum (ER) membrane by interaction between the
luminal domain of IRE1-alpha and the ATPase domain of BiP within the ER.
BiP is a general chaperone that also binds unfolded proteins within the ER. Thus BiP dissociates from IRE1-alpha
when chaperone activity is overwhelmed by unfolded proteinsin the ER.

Followed by: IRE1 binds IRE1 forming dimer
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IRE1 binds IRE1 forming dimer 7
Location: [RElalpha activates chaperones
Stable identifier: R-HSA-381109

Type: binding

Compartments: endoplasmic reticulum membrane

ERN1

[~]
®
v

endoplasmic reticulum membrane

The dissociation of the IRE1-alpha:BiP heterodimer liberates IRE1-alpha, which forms homodimers. Dimer
formation isinitiated by interaction between the N-terminal, luminal domains.

Preceded by: IRE1:BiP dissociates in response to unfolded protein

Followed by: IRE1 dimer autophosphorylates
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IRE1 dimer autophosphorylates 7
Location: [RElalpha activates chaperones
Stable identifier: R-HSA-381091

Type: transition

Compartments: endoplasmic reticulum membrane, cytosol

cytosol

endoplasmic reticulum membrane

| 0 | n | P-S7244RE1
o - g

71
ATP {2] ADP

Dimerization of the N-terminal luminal regions of IRE1-alpha brings the cytosolic C-terminal regions in proximity.
The C-terminal region possesses kinase activity and the homodimer trans-autophosphorylates. From homology with
Saccharomyces IRE1-al pha the phosphorylation of human IRE1-alphais believed to be at Ser724.

Preceded by: IRE1 binds IRE1 forming dimer

Followed by: Phosphorylated IRE1 dimer binds ADP
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Phosphorylated IRE1 dimer binds ADP 7
Location: [RElalpha activates chaperones

Stable identifier: R-HSA-381116

Type: binding

Compartments: endoplasmic reticulum membrane, cytosol

Inferred from: Phosphorylated Irel Dimer Binds ADP (Saccharomyces cerevisiae)

| p-S7244RE1 I p-S7244RE1
dimer . > dimer:ADP

endoplasmic reticulum membrane

cytosol

Phosphorylation of the C-terminal region causes a loop in the C-terminus to change position, enabling access to an
ADP-binding pocket. Phosphorylated |RE1-a pha dimers bind ADP in preferenceto ATP.

Preceded by: IRE1 dimer autophosphorylates

Followed by: IRElalpha hydrolyzes Xbpl mRNA and Xbpl mRNA is spliced
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IRE1lalpha hydrolyzes Xbpl mRNA and Xbp1l mRNA is spliced 7
Location: [RElalpha activates chaperones

Stable identifier: R-HSA-425923

Type: omitted

Compartments: endoplasmic reticulum membrane, cytosol

cytosol
endoplasmic reticulum membrane
p-S7241RE1
dimer:ADP
Xbp1 mRNA M1 > Xbp1 mRNA
(unspliced) L (spliced)

Phosphorylated |RE1-alpha homodimers with bound ADP have endoribonuclease activity in their C-terminal
(cytosolic) regions. The IRE1-alpha homodimers cleave an internal 26 nucleotide segment out of the Xbp-1 mRNA.
In yeast the resulting RNAs are ligated by atRNA ligase but the corresponding human ligase has not been identified.
The cleavage and ligation leads to a frameshift in the Xbp-1 mRNA which results in alonger ORF that encodes X bp-
1(S), the active form of the Xbp-1 transcription factor

Preceded by: Phosphorylated IRE1 dimer binds ADP

Followed by: XBP(S) mRNA is translated and XBP1(S) translocates to the nucleus

Literature references

Mori, K., Yamamoto, A., Yoshida, H., Matsui, T., Okada, T. (2001). XBP1 mRNA is induced by ATF6 and spliced by
IRE1 in response to ER stress to produce a highly active transcription factor. Cell, 107, 881-91. 7

Iwawaki, T., Akai, R. (2006). Analysis of the XBP1 splicing mechanism using endoplasmic reticulum stress-indicators
. Biochem Biophys Res Commun, 350, 709-15. 7

Hosoda, A., Sasaka, S., Imagawa, Y., Tsuru, A., Kohno, K. (2008). RNase domains determine the functional difference
between IRElalpha and IRElbeta. FEBS Lett, 582, 656-60. 7

Mori, K., Yoshida, H., Oku, M., Uemura, A. (2009). Unconventional splicing of XBP1 mRNA occurs in the cytoplasm
during the mammalian unfolded protein response. J Cell Sci, 122, 2877-86. 7

Editions
2008-12-02 Reviewed Gillespie, ME., D'Eustachio, P., Matthews, L.
2009-06-04 Authored, Edited May, B.
2010-04-30 Reviewed Urano, F.

https://reactome.org Page 9


https://reactome.org/content/detail/R-HSA-425923
http://www.ncbi.nlm.nih.gov/pubmed/11779464
http://www.ncbi.nlm.nih.gov/pubmed/17026957
http://www.ncbi.nlm.nih.gov/pubmed/18242182
http://www.ncbi.nlm.nih.gov/pubmed/19622636
https://reactome.org

XBP(S) mRNA is translated and XBP1(S) translocates to the nucleus 7
Location: [RElalpha activates chaperones

Stable identifier: R-HSA-381203

Type: omitted

Compartments: nuclear envelope

Xbp1 mRNA
(:plioed) [ >

nucleoplasm

nuclear envelope

cytosol
Phosphorylated |RE1-a pha homodimers with bound ADP have endoribonuclease activity in their C-terminal
(cytosoalic) regions. In particular, the homodimers cleave an internal 26 nucleotide segment out of the Xbp-1 mRNA.
In yeast the resulting RNAs are ligated by a tRNA ligase but the corresponding human enzyme has not been
identified. The cleavage and ligation leads to a frameshift which resultsin alonger ORF that encodes Xbp-1 (S), the
active form of the Xbp-1 transcription factor.
The ribonuclease activity of IRE1-alpha also degrades subsets of mMRNAS in the vicinity of the ER membrane,
thereby reducing the amount of protein entering the ER.
Xbp-1 mRNA that has been cleaved by IRE1-alpha encodes a 40 kd protein designated Xbp-1 (S). Xbp-1 (S) isa
potent bZIP transcription factor that transits from the cytosol to the nucleus and binds the sequence CCACG in the
ER Stress Responsive Element (ERSE).

Preceded by: IRElalpha hydrolyzes Xbpl mRNA and Xbpl mRNA is spliced
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XBP1(S) activates chaperone genes 7
Location: [RElalpha activates chaperones
Stable identifier: R-HSA-381038

Compartments: endoplasmic reticulum membrane, nucleoplasm, cytosol, endoplasmic reticulum lu-

men

Xbp-1 (S) binds the sequence CCACG in ER Stress Responsive Elements (ERSE, consensus sequence CCAAT (N)9
CCACQG) located upstream from many genes. The ubiquitous transcription factor NF-Y, a heterotrimer, binds the
CCAAT portion of the ERSE and together the IRE1-alpha: NF-Y complex activates transcription of a set of
chaperone genes including DNAJB9, EDEM, RAMP4, p58IPK, and others. This results in an increase in protein
folding activity in the ER.

Literature references
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