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Abstract: We report in this paper the requirement of xbp-I gene for regulating unfolded protein
response (UPR) target genes and induced JNK pathway. The UPR is essential for cell survival during
endoplasmic reticulum (ER). Upon ER stress, Dxbp-1 transcript was submitted to an "unconventional"
splicing that generated a processed Dxbp-1s transcript encoding DXbp-1 protein isform. Over-expression
of Dxbp-1s increased expression of the pDI gene, a known UPR target, but high levels of Dxbp-1Is also
induced embryonic lethality associated with activate JNK pathway.

Key words: Drosophila, xbp-1, unconventional splicing, UPR signalling, JNK signaling

INTRODUCTION

UPR is an evolutionarily conserved signalling pathway that is activated by an over-accumulation of either
misfolded or unfolded proteins in the Endoplasmic Reticulum (ER) lumen. UPR activation is an adaptative
cellular responses to maintain ER function involving: (1) an up regulation of genes encoding ER chaperones and
(2) an attenuation of protein synthesis (for a review see Schroder and Kaufman, 2005). Prolonged ER stress
induces apoptosis through activation of the Jun-N-Term-Kinase (JNK) pathway (Urano et al., 2000b; Nakagawa
et al., 2000; Rao et al., 2001). Xbp-1 is an transcription factor containing a “bZIP” domain, and key players in
the UPR (Yamamoto et al., 2004).

The most conserved branch of UPR involves IRE-1, an ER transmembrane kinase and endoribonuclease that
activate the transcription factor Xbp-1. In standard condition, the native unprocessed xbp-I mRNA, xbp-1u,
encodes a transcription factor, Xbp-1u. Upon ER stress IRE1 oligomerizes, is activated by autophosphorulation
and uses its endoribonuclease activity to excise and re-ligated the xbp-/u mRNA for two sites separated by 26
nucleotides (nt) (in vertebrates) or 23 nt (in Drosophia and C. elegans) (Sidrauski et al., 1997; Yoshida et al.,
2001; Lee et al., 2002, Souid et al., 2007 and Plongthongkum et a/., 2007 ). This m RNA xbp-1s, encodes a
novel protein Xbp-1s that displays the same N-terminal region as Xbp-1lu, including the “bZIP” domain, but a
distinct C-terminal region that contains a potent trans-activation domain (Yoshida ez a/l., 2001). Xbp-1s activate
transcription of the chaperones (Kaufman et al., 2002; Yamamoto et al., 2004).

Here, we report that, while high levels of DXbp-1s induced the expression of transcriptional UPR target
genes such as pDI (Lee et al., 2003) consistent with a conservation of UPR signalling in Drosophila, sustained
Dxbp-1s over-expression activate JNK pathway and induced embryonic lethality.

MATERIALS AND METHODS

1. Drosophila Stocks:

3. Drosophila melanogaster stocks were raised on a standard cornmeal, yeast, agar medium at 25°C. The da-
Gal4, lines are described in FlyBase and relevant fly stocks are available from the Bloomington Stock Centre
at Indiana University. The pDI:GFP protein trap line was kindly provided by Alain Debec (Bobinnec et al.,
2003). In all experiments, the w'''® stock was used as a wild-type control.
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4. Uas-dxbp-1s Constructs:

5. The UAS-DXbp-1s transgene was constructed by cloning the complete Dxbp-1 transcribed region lacking
only the 23 base pairs (bp) corresponding to the unconventional intron in the pUAS, vector (Brand and Perrimon,
1993). Firstly, a genomic DNA fragment corresponding to the 5’ region of the Dxbp-1 gene and extending to the
nucleotide located 1 bp immediately upstream from the 23 bp intron was amplified by PCR with additional 5’
EcoRI and 3 Agel, Xbal restriction sites and was cloned into the pUAS, vector as an EcoRI-Xbal fragment to
give rise to the pSSI plasmid. In a second step, a genomic DNA fragment corresponding to the 3’ region of the
Dxbp-1 gene and starting 5 nucleotides downstream from the 23 bp intron was amplified by PCR with additional
5’ Agel and 3’ Xbal restriction sites and cloned into the pSS/ vector as an Agel-Xbal fragment. In the resulting
UAS-Dxbp-1s construct, which was verified by sequencing, the phase of the Dxbp-1s ORF and the length of the
predicted encoded protein were conserved, but the introduction of the 4gel site during the cloning procedure
induced changes in two adjacent amino acids (aa) in the transgenic DXbp-1s protein: substitution of Alanine by
Threonine and of Alanine by Serine at positions +189 and +190, respectively. However, increased accumulation
of the pDI:GFP protein following over-expression of the UAS-Dxbp-1s transgene confirmed the predicted
neutrality of these substitutions regarding the activity of the DXbp-1s protein.

We generated UAS-Dxbp-1s transgenic line as previously described, using a w
(Rubin and Spradling, 1982).

¥ strain as a recipient stock

Embryonic Cuticle Preparations:
Embryonic cuticle preparations were performed in Hoyer’s medium according to Stern and Sucena (2000).

Results:

1°/ Dxbp-1s expression induces increased accumulation of the pDI:GFP protein

The pDI gene, which encodes a resident ER protein disulfite isomerase involved in protein folding (for a
review, see Ferrari and Soling, 1999), had been identified as an UPR-induced gene and a direct target of the Xbp-
1s protein in C. elegans (Urano et al., 2002) and mammals (Lee ef al., 2003). In order to test whether the DXbp-
1s protein also induces transcription of the Drosophila pDI gene, we constructed an UAS-Dxbp-1s transgene,
which expressed the Dxbp-1s transcript under the control of yeast UAS sequences independently of Ire-1
processing (see Materials and Methods). We also used the pDI:GFP protein trap line (Bobbinec et al.,, 2003),
which corresponds to an insertion of the P/GFP] protein trap transposon within the pDI gene and expresses a
pDI:GFP fusion protein whose accumulation faithfully reflects that of the endogenous protein. Using the da-Gal4
driver line, we first tested whether ubiquitous expression of the DXbp-1s protein in embryos increased the
expression of the pDI:GFP chimaeric protein. As expected, da-Gal4; UAS-Dxbp-1s; pDI:GFP embryos displayed
a significantly stronger GFP staining when compared to control UAS-Dxbp-1s; pDI:GFP embryos (Fig. 1a).

UAS-Debps; pDI.GFP

c

wn-Gald; UAS-Dwbpu; pOLGFF

Fig. 1: DXbp-1s induces expression of the pDI gene.
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(a) Expression of the UAS-Dxbp-1s transgene stimulates accumulation of the pDI:GFP exon-trapping
protein in embryos. All embryos were photographed in a single shot in order to fully visualise the
increased fluorescent labelling of da-Gal4; UAS-Dxbp-1s; pDI:GFP embryos (right row) compared to
that of UAS-Dxbp-1s; pDI:GFP control embryos (left row). (b and c) Increased pDI:GFP accumulation
following en-Gal4-driven expression of the UAS-Dxbp-1s transgene in the posterior compartment of the
wing disc of third instar larvae. (¢c) Enlarged Apotome microphotograph of the region depicted by dotted
lines in b. Anterior is to the left.

In order to confirm this result, we used the en-Gal4 driver line that expresses high levels of the Gal4
transcription factor in the posterior compartment of imaginal discs of third instar larvae, including wing discs.
Consistent with the data obtained with the da-Gal4 driver line, the level of GFP staining that we observed in the
posterior compartment of the wing discs of en-Gal4; UAS-Dxbp-1s; pDI:GFP third instar larvae was significantly
higher than in the anterior compartment (Fig. 1b and c). Thus, it appears that in Drosophila, as in worms and
vertebrates, DXbp-1s controls expression of the pDI UPR target gene, clearly suggesting that the essential
requirement of xbp-I for regulating UPR target genes has been conserved in this species.
12.2°/ Sustained over-expression of Dxbp-Is induces embryonic lethality and promotes JNK activation
13. We observed that all da-Gal4; UAS-Dxbp-1s embryos died prior to hatching and showed dorsal closure
defects. da-Gal4; UAS-Dxbp-1s embryos reared at 18°C displayed only mild dorsal defects ranging from the
presence of small dorsal scars to a limited dorsal hole (Fig. 2a), while individuals kept at 25°C displayed either
a complete lack of dorsal structures only or an absence of both dorsal and cephalic structures (Fig. 2b). These
data were consistent with the temperature sensitivity of the Gal4 transcription factor, whose activity is
approximately 10 times higher at 25°C than at 18°C (Dequier et al.,, 2001). Moreover, the phenotype observed
in embryos grown at 18°C strongly suggested that DXbp-1s over-expression specifically affected dorsal closure
but not the development of the embryos at a global level. These dorsal closure defects correlate with an over-
activation of the JNK pathway (Martin-Blanco et al., 1998).

b

Fig. 2: Over-expression of the DXbp-1s protein impairs embryonic dorsal closure.
(a and b) Cuticle phenotypes of da-Gal4; UAS-Dxbp-1s embryos, which over-express the DXbp-1s
protein. (a) Dorsal view of a da-Gal4; UAS-Dxbp-1s embryo reared at 18°C. (b) Lateral view of a da-
Gal4; UAS-Dxbp-1s embryo reared at 25°C. Anterior is to the left.

Discussion:

In this study, we have analyzed the requirement of xbp-1 in regulating UPR and JNK pathway. DXbp-1s-
induced activation of the Drosophila pDI gene, a transcriptional target of the Xbp-1s protein in C. elegans (Urano
et al., 2002) and in mammals (Lee et al., 2003). DXbp-1s induces embryonic lethality and promotes JNK
activation.It has been shown that UPR signalling eventually commits ER stressed cells to apoptosis through
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activation of the JNK pathway when activation of the UPR pathway by sustained ER stress is not sufficient to
restore ER homeostasis (Kyriakis et al., 1999). In addition, Urano et al. (2000b) have shown that Ire-1, the
evolutionarily conserved protein with both kinase and endoribonuclease activities, which is required for
unconventional splicing of xbp-1s mRNA, mediates the coupling of UPR activation to that of the JNK pathway
(Tirasophon et al., 2000; Urano ef al., 2000a). However, it has been shown that Ire-1-mediated JNK activation,
which involves a direct interaction with the adaptor TRAF2 protein, is independent of the endoribonuclease
activity of Ire-1. While over-expression of either Ire-1a or Ire-1b, the two Ire-1 homologues in mammals, induced
JNK activation, over-expression of a COOH-terminally truncated form of Ire-1b (Ire-1b°*N) devoid of
endoribonuclease activity also led to JNK activation (Urano et al., 2000b) showing that UPR-induced JNK
activation did not rely upon processing of the xbp-/ mRNA.

Our data showed that ubiquitous over-expression of the DXbp-1s protein induced embryonic lethality with
embryos displaying either a limited dorsal hole only or a complete lack of both dorsal and cephalic structures.
These defects are characteristic of mutations impairing embryonic dorsal closure (for a review see Kockel et al.,
2001), i.e. dorsal migration of lateral epidermal sheets on both sides of the embryo and eventually their fusion
along the dorsal midline (Campos-Ortega and Hartenstein, 1997). We further demonstrated that this phenotype
is associated with JNK over-activation (Ring and Martinez-Arias, 1993; Martin-Blanco et al., 1998). These results
were in good agreement with the demonstration that fine-tuning of JNK activation is critical for proper embryonic
dorsal closure in Drosophila (Martin-Blanco et al., 1998).

Several hypotheses can be put forward to explain our observations. Firstly, because the Xbp-1 protein was
found to bind to the c-Fos protein to form an heterodimer required for activating the transcription of a subset of
class II major histocompatibility genes in human (Ono ef al., 1991), the DXbp-1s protein might also dimerise
with the DFos protein to form a transcription factor able to activate some of the JNK target genes, which is
critical for dorsal closure of embryos. It could thus be hypothesized that, contrary to the DFos/DJun dimer, the
DFos/DXbp-1s complex is not, or only partially, sensitive to leading to abnormal levels of JNK activation.
Alternatively, DXbp-1s-induced JNK ectopic activation may also be mediated by DXbp-1s homodimers as
suggested by the predicted ability of its “Leucine-Zipper” domain to mediate homodimerisation (Fassler et al.,
2002). The significance of this observation remains, however, unclear. Neither the phenotype of Dxbp-1 mutants
nor the expression pattern of Dxbp-I transcript in embryos supports the hypothesis of the participation of this
gene in dorsal closure. Thus, the question of whether the DXbp-1u protein and/or the DXbp-1s protein have the
ability to form dimers with DFos as a partner, either during dorsal closure or during another Dfos-mediated
processes, remains open.
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