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response dephosphorylate el2P and reverse mammals, XBP1 mRNA, encodes
Chuan Yin Liu and Randal J. the translational attenuation. a be_15i_c Ieucine-zipper-containing
Kaufman® _ transcrlptllor_l_factor. Splicing of XBF_’l
_ _ ATF6 is an ER transmembrane- mRNA is initiated by the RNase activity

g%‘f‘(’)ag’i‘i;chhhee;ig"tgd'ﬁi\'/’frgft“;‘zf?ﬁgﬁﬁ’:ﬁﬁ;{;icm activating transcription factor. Upon ER of IRE1 to generate mature XBP1
School, Ann Arbor, Michigan 48109-0650 stress, ATF@ and ATF@ transit to the mRNA. Whereas the ATF6 and PERK
*Author for correspondence: kaufmanr@umich.edu Golgi compartment where they are pathways are not conserved in lower

cleaved by S1P and S2P proteases teukaryotes, the IRE1 signaling pathway
Journal of Cell Science 116, 1861-1862 yield a cytosolic fragment. The free is conserved in all known eukaryotic

© 2003 The Company of Biologists Ltd

d01-10.1242/jcs.00408 ATF6 fragment migrates to the nucleuscells.

to activate transcription.
The endoplasmic reticulum (ER) is a _ The signalling from downstream
principal site for folding and maturation IREL is an ER transmembrane effectors of IRE1, PERK and ATF6
of transmembrane, secretory and gR-glycoprotein and it contains both kinase merges in the nucleus to activate
resident proteins.’ Perturbations that@nd RNase activities in the cytoplasmictranscription of UPR target genes. The
alter ER homeostasis can lead todomain. ER stress leads to its mammalian ER stress element (ERSE) is
accumulation of unfolded proteins autophosphorylation and the subsequenpresent in the promoter regions of many,

(UPs), which is a threat to all living cells.
To cope with the stress, cells activate a
intracellular signaling pathway — the .
unfolded protein response (UPR). The The Unfolded Protein ReSponse
UPR is an integrated intracellular
signaling pathway that transmits
information about the protein folding
status in the ER lumen to the cytoplasm
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and the nucleus. The UPR includes 4 Transducers : 4 Responses
transcriptional induction of UPR genes e r Y D o

(red arrows), translational attenuation of A e Apoptosis

global protein synthesis (black arrows)
and ER-associated degradation (ERAD)
(green arrows). These divergent outputs
provide adaptive responses for survival.
If the protein-folding defect is not
corrected, cells undergo apoptosis
(light-blue arrows). The three major
transducers of the UPR are PERK, IRE1
and ATF6.
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but not all, UPR target genes. XBP1, contain a lumenal domain that interactsleading to apoptosis. Upon ER stress,
ATF6 and the CAAT-binding factor with BiP. Under normal conditions, BiP activated CSP-7 can cleave pCSP-12
(CBF), all of which bind to ERSE, along serves as a negative regulator of IRE1to generate active CSP-12. In
with  ATF4, activate transcriptional PERK and ATF6 activation. Upon ER addition, UPR activation induces
induction of target genes. ATF6 also stress, BiP binds to UPs, thereby CHOP/GADD153 expression through
induces XBPL1 transcription, providing allowing BIP release from the the PERK and ATF4 pathways. CHOP is
a positive feedback for the UPR. In transducers. BiP release from IRE1 anda proapoptotic transcription factor that
particular, upregulation of molecular PERK permits their homodimerization potentiates apoptosis. Finally, in
chaperones and folding catalystsand activation. BiP release from response to prolonged ER stress,
increases the folding capacity of the ER,ATF6 permits its transport to the attenuation of cyclin D1 translation
providing a protective effect for cell Golgi compartment for regulated through PERK leads to cell cycle arrest
survival. In addition, activated Irelp in intramembrane proteolysis. This BiP- during G1 phase. This provides an ER
yeast induces transcription of genes,regulated activation provides a direct checkpoint to prevent cells from
such adNO1, that mediate phospholipid mechanism to sense the folding capacityprogressing through the cell cycle.
biosynthesis to increase the ER volume.of the ER.
Tremendous progress has been made in

The UPR also induces transcription of Prolonged UPR activation leads to understanding the components and
genes encoding proteins that mediateapoptotic cell death, in which IRE1 mechanisms of the UPR in recent years.
ERAD. This important component of the serves a  proapoptotic ~ function. Current studies are focusing on aspects
UPR stimulates the degradation andActivated IREL recruits Jun N-terminal of the pathological and physiological
clearance of unfolded proteins in the ERinhibitory kinase (JIK) and TRAF2 to roles of the UPR.
lumen. Several target genes appear t@ctivate apoptosis-signaling kinase 1
encode proteins that remodel the(ASK1), which in turn activates JNK and
secretory pathway to decrease themitochondria/Apafl-dependent
concentration of UPs. caspases. Procaspas_e-lZ (PCSP-12)iS § oy science at a Glance on the Web
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Year 2003 Travelling Fellowships

JCS offers fellowships of up to US$4000 to graduate students and post-docs wishing to make
collaborative visits to other laboratories. These are designed to cover the cost of travel and
other expenses, and there is no restriction on nationality. Applicants should be working in

the field of cell biology and intend to visit a laboratory in another country. Each application

is judged on the excellence of the candidate, and the importance and innovative quality of
the work to be done.

Application forms can be downloaded from our Website at http://jcs.biologists.org. Please
send the completed application form, together with a copy of your CV, an account of the work
to be done and a breakdown of the costs involved, as well as letters of recommendation from
the heads of the laboratory in which you currently work and the laboratory you hope to visit,
to the Production Editor at the address below.
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