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In all eukaryotic cells, impairment of protein folding in the endoplasmic reticulum (ER) leads to ER
stress and evokes the unfolded protein response (UPR), which contributes to restoration of conditions in
the ER lumen. The UPR is triggered by some transmembrane signal-transducing proteins, among which
Irel is evolutionally conserved through eukaryotes. Irel carries kinase and RINase motifs on its cytosolic
domain. Upon ER stress, Irel is oligomerized and autophosphorylated for its activation as an RNase. This
results in cytoplasmic splicing, maturation in other words, of mRNAs encoding transcription factors,
including yeast Hacl, which promote gene induction for the UPR. To explain the stress-sensing
mechanism of Irel, it is an attractive hypothesis that the luminal domain of Irel directly recognizes
unfolded proteins accumulated in the ER. According to the X-ray crystal structure of the luminal domain
of yeast Irel, its dimer forms a groove-like structure, which sterically resembles that of the major
histocompatibility complex and thus may capture unfolded peptides. Also, a recombinant fragment of the
luminal domain of yeast Irel was shown to have an ability to interact with unfolded proteins. However,
until now, in vivo association of Ire1 with unfolded proteins has not been presented.

In this study, a misfolded version of vacuolar carboxypeptidase Y (CPY), CPY*, was employed as
an unfolded protein model for demonstrating the interaction of Irel with unfolded proteins in yeast cells.
Immunofluorescent staining of a GFP-tagged version of CPY* (CPY*-GFP) exhibited that CPY*-GFP
cannot reach to the vacuole but is retained in the ER lumen. Also, as expected, cellular expression of
CPY*-GFP induced the UPR. Importantly, CPY*-GFP and Irel were crosslinked and
co-immunoprecipitated from the cell lysates. This complex formation was impaired by the luminal domain
mutations mutation points of which are located on or near the groove-like structure, suggesting that
CPY*-GFP is directly captured by the groove-like structure. One of these mutations, the Delta-III mutation,
considerably compromised Irel’s ability to evoke the UPR, while Delta-III Irel exhibited high-order
oligomerization upon ER stress as observed in the wild type.

 Inthe present study, I also generated an experimental technique to check autophosphorylation of
Irel, which includes electrophoresis of protein samples on acrylamide gels containing SDS and
Mn**Phos-tag. By using this method, I noticed that ER stress-dependent phosphorylation of Irel is
considerably compromised by the Delta-IlI mutation.

Based on the observations from this study and previous reports, here I propose a scenario for Irel
sensing of and activation by unfolded proteins accumulated in the ER. Initially, ER stress causes
dissociation of an ER-located molecular chaperone BiP from Irel, which leads to dimerization of Irel.
Through homo-association of the Irel dimers, high-order oligomers of Ire1 are formed. Unfolded proteins
are then captured by the groove-like structure of the luminal part of the Irel dimers, causing a
conformational change in the cytosolic part to evoke the cytosolic events, autophsophorylation of Irel and
activation of its RNase activity.
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