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Abstract

Cells respond to an accumulation of unfolded proteins in the endoplasmic reticulum (ER) by increasing
transcription of genes encoding molecular chaperones and folding enzymes. The information is transmitted from the
ER lumen to the nucleus by intracellular signaling pathway, called the unfolded protein response (UPR). To obtain
genes related to UPR from B. mori, the cDNA library was constructed with mRNA isolated from Bmb5 cell lines in
which N-glycosylation was inhibited by tunicamycin treatment. From the ¢cDNA library, we selected 40 clones that
differentially expressed when cells were treated with tunicamycin. Among these clones, we have isolated ATFC gene
showing similarity with Haclp, encoding a bZIP transcription factor of S. cerevisige. Basic-leucine zipper (bZIP)
domain in amino acid sequences of ATFC shared homology with yeast Haclp. Also, ATEC is up-regulated by
accumulation of unfolded proteins in the ER through the treatment of ER stress drugs. Therefore we suggest that
ATFC represents a major component of the putative transcription factor responsible for the UPR leading to the
induction of ER-localized stress proteins.
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1 ACTAGTGATTAACGAATGCGACCTATCGTCGCTATCACGTCTTGCGCCAGTCTTCCACCG 60
61 CATTCTAGAACGTAGCACGCTCTCCATTCCGTCGGTGGAGCTGATTTGGCCACGTACGCT 120
Li 24
121 ACATAGTCTAACGAATCCGCATCTCCGCCCGAGGCAAACGATACCCTGGGCATGTCGTGT 180
MSsC
181 CGTGCTATGGTGTCGCCGOCTTCCAGAACCGCCCGGGCAGGTGCGGTTCTAGCTTCAAGT 240
RAMVSPPSRTARAGAVLASS
241 CCTTTTGTGACCTCGCAGCCCACTGAAGAACTGCTGCGGGAATTCGAAACGGTTTATGGT 300
PFVTSQ@PTEELLREFETVYG
301 GCTGTCGAGTTAACGCATTTAACACCGCCGCAGAGTCCGCCGGGACCCGCGACTCAGTTG 360
AVELTHLTPPQSPPGPATOQL
361 CTTCTGAGTTACGCTCAACAAGCACAATGCACAGCACTAGCACCTCCAGCTCCCCTGGCA 420
LLSYAQQAQCTALAPPAPLA
421 OCGCCGCAAGAAGCGTGGCAGATTGTGGCACCTGTTOCGGTTAACCAGCTGCCGGAAGGT 480
PPQEANYQIVAPVPVNQLPESG
481 TACGAGTGTGACTTGGACGCCGTCGAGGAACTGGTCOGTCACCGAGCCTCTCAACTGGCA 540
YECDLDAVEELVRHRASOQL A
541 TCTCCGCAACATTCCAGTAGTAGTGCTAATGCCTCTCCACGTTCTTCACCACCACCATCG 600
SPQHSSSSANASPRSSPPPS
601 CCGCGTTCCTCATCGACCGACGAGGACTGGTCCGCACCGTCACGTTTGAAGACGCGTCCT 660

PRSSSTDEDW¥WSAPSRLEK

AGGTGCTCCTCAAGGAGGAGCAGACCCTGCGCCAGCGT 780
{ LLKEEQTLRZ QR
781 CACACCGAACTCOGGGAGAAGTGCTCTGACCTCCAAAGAGAGATTCGCTACCTAAAGGCT 840
HTELGEKCSDLOQRETIRTYTLGEKA
5%
841 CTGATGCGTGATCTTTTCAAGGCGAAGGGTCTAATCAAGTAAATCAATCAACAACGCCGC 900
LMRDELFEKAKSGLTIEK
901 CTCCAGAGAAATAAATCAATATGCAAAAACGCATAAAGCGATTGATTCTGTTGATCATCG 960
961 GAAGTTAAGGGAGTTCTITAATTTGGATGATTTTTATTTTACGATAAAATAATTTAACTC 1020
1021 TGTCATAGTTTGCATCTAAGTGAGCAGATCAGATGTCACATTATCGAGCAGCATAAGCTA 1080
1081 CGTCATCATCAGAGGGATACTAATAACACCTTGTAAGGTGGCGCCATTCTTCATCATTCA 1140
1141 TICATTCATTAATTCATTAATTCATTTAGACGATAGGTCGCATTCGTTATTGTAAAGATA 1200
1201 TGTATACTTATAGGATCAACAACATCTTACTCCTTGTTTTGGTTAAATCACTATTTTCGG 1260
1261 TATATATATACATACTTGTATTGAGAAATTTTATCAACTGACATGAAATCTTTGATTATT 1320
1321 TITTTAATATTTCTTACAATAAATGGAATGCGATGGCOAAAAAAARARANAAAAAAAAAA 1380
1381 AAAAAA 1386

Fig. 1. The nucleotide and deduced amino acid sequences of
Bombyx mori ATFC complementary deoxyribon-
ucleic acid (cDNA). The cDNA sequence of this
ATFC gene was submitted to GenBank under
accession number AF325210. The predicted amino
acid sequence (single-letter abbreviation) is shown
below the nucleotide sequence within the open
reading frame. The basic region is indicated by
shaded areas, and the leucine zipper is indicated
in bold. The translation start and stop codons are
indicated by asterisks. The underlined nucleotide
sequences indicate the putative polyadenylation
signal and poly (A) tail. respectively.
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A) .
Haclp RKRAKTKEEKEQRRIERILRNRRAAHQSREKKRLHLQYEERKCSLEENLLNSVNLEKLADHE-—-———---—-—
ATFC  -———-TRPVDDRRSRKKEQNKNAATRYRQKKKAEVEVELKEEQTERQRHTEEGEKCSDEQRETRYEKALMRDEFK
X% . CX XX X XX . x . .
B)

230 amino acids J

Basic Region

| 236 amino acids

ATFC

"I Leucine Zipper

Fig. 2. Comparison of amino acid sequences of conserved region, basic region and leucine zipper (bZIP) between .
cerevisiae Haclp and B. mori ATFC protein. Each amino sequence is represented by standard single letter code
and leucine zipper forming residues are shaded. Identical residues (*), conserved substitutions () and
semi-conserved substitutions (.) between 2 sequences are indicated below the sequences (A). Schematic drawing
below are to depict the relative Jocation of these motifs (B).

folding enzymed] HALE A7) A% Haclp9 v) &
A 7158 38 Aoz 48 & d9d 29y
ATFC 247} 79 Haclpst S95H 2AAE o
folding enzyme9] cis-acting element$] UPREY] A 2

CTDIAMH

- ATFC

Ll ~18S rRNA

Fig. 3. Effects of various ER-stresses on B. mori ATFC mRNA
expression. Bmb5 culture cells were treated for 5 h
with 5 gg/m tunicamycin (T), 3 mM DTT (D), 10
mM calcium inophore A23187 (I), 8 mM antimycin
A (A), 100 mM monensin (M) and 100 mM H,0;
(H), respectively, and C indicates the control
without treatment of ER stress drugs. Total RNA
was isolated as described in the materials and
methods and was subjected to Norhern blotting.
An arrow indicated ATFC (upper panel) and an
ethidium bromide staing of the 185 ribosomal
RNA (lower panel) was used to indicated the
equivalence of the on the gel.
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