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Abstract In insects, wing imaginal discs respond to the
steroid hormone 20-hydroxyecdysone by initiating mor-
phogenesis leading to the formation of the adult flight
appendages. In this work we analyse the expression of a
Bombyx gene, referred to as Urbain, whose cDNA had
been previously isolated from wing discs (Chareyre et al.
1993). Accumulation of the 1.8 kb transcript occurs con-
comitantly with the increase of 20-hydroxyecdysone titer
at every stage examined during post-embryonic develop-
ment. In vitro, its accumulation is delayed 6-9 h after ex-
posure to 20-hydroxyecdysone. Studies in the presence
of cycloheximide have established that Urbain is a sec-
ondary response gene. The sequence of the mRNA con-
tains a putative open reading frame of 1656 nucleotides
encoding a secreted hydrophilic protein, and we suggest
that the Urbain gene product plays a role in cellular
mechanisms involved in morphogenesis of the epitheli-
um.
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Introduction

Embryonic pattern formation in Drosophila has been
subjected to extensive studies which have led to the iden-
tification of many key genes involved in development
(for review see Ingham 1988; Niisslein-Volhard 1991).
By comparison with embryogenesis, relatively little is
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yet known about genes and processes that regulate the
development of the adult, such as the formation of the
adult appendages (e.g. legs, wings, antennae). The wing
imaginal discs, which form the flight appendages and a
part of the thoracic adult structures, derive from restrict-
ed areas within the embryonic body. Discs are subdivid-
ed into anterior/posterior and dorsal/ventral compart-
ments during embryogenesis and early larval stages; the

" proximo-distal axis is also established during this time.

The elaboration of this patterning necessitates the ex-
pression of a hierarchy of developmental genes, many of
which are also required for embryonic development (Ni-
jhout 1994; Williams et al. 1993, 1994),

Throughout larval life, wing discs increase in size by
cell division and finally, during a brief time prior to pu-
pation, they undergo extensive morphogenesis. During
this period, coordinated cell movements involving cell
shape changes, cell adhesion and (or) cell-cell signalling
modifications mould the adult wing (Fristrom et al.
1993; Blair et al. 1994; Nardi 1994).

In Diptera as well as in Lepidoptera, disc morphogen-
esis is initiated by the insect steroid hormone, 20-hy-
droxyecdysone (Natzle ctal. 1986); previous studies
(Chareyre et al. 1993, Bombyx; Natzle 1993, Drosophila)
showed that imaginal discs respond by activation or re-
pression of several genes. However, the molecular re-
sponse in discs has not been as extensively studied as it
has been in Drosophila salivary glands (Ashburner et al.
1974). Since the wing discs of Bombyx mori are easily
obtainable as pure and precisely staged discs, they offer
a good model in which the control of gene expression
during morphogenesis can be studied. The morphogenet-
ic processes of wing discs occur over a period of 4 days,
providing ample time to study their development in de-
tail.

In this report, we present results on the isolation of a
gene expressed in wing discs and the characterization of
its encoded product. The Urbain cDNA clones were pre-
viously isolated by differential screening to characterize
genes encoding 20-hydroxyecdysone-induced proteins
(Chareyre et al. 1993). Urbain is detected in the prepupal
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wing discs as a 1.8 kb transcript. We show that Urbain
expression in wing discs coincides with the peaks of the
hormone that occur at the end of each larval stage and in
the pupa. In in vitro experiments, accumulation of the
transcript is observed 6-9 h after hormonal exposure and
is blocked by a protein synthesis inhibitor. This suggests
that Urbain behaves as a secondary response gene, ac-
cording to the model proposed for Drosophila (Ashburn-
er et al. 1974). Other tissues, such as epidermis, midgut
and fat body, express Urbain at different levels. The
complete nucleotide sequence of the transcription unit
reveals that the Urbain gene product is secreted and
shares some structural features with the Drosophila IMP-
E2 protein involved in disc morphogenesis (Paine-Saun-
ders et al. 1990).

Materials and methods

Isolation of wing imaginal discs

B. mori larvae of the European strain 200-300, provided by the
,Unité Natiolnale Séricicole” (France), were reared at 22° C, The
developmental ages of the larvae and pupae were determined by
the time elapsed from the last ecdysis (see legend of Fig. 1). Pre-
cise staging at the moulting period was obtained using morpholog-
ical criteria (Kiguchi and Agui 1981; Calvez 1981). The four wing
imaginal discs (two forewings, two hindwings) were dissected
from precisely staged larvae and pupae, and immediately stored at
—80° C until use.

In vitro protocol

The discs from day 6 larvae in the 5th instar were sterilely dissect-
ed and rinsed with phosphate-butfered saline (PBS) to which 6
Ug/ml phenylthiourea (Merck) had been added to avoid tissue
damage by endogenous phenoloxidases. To prevent anaerobic
stress, the discs were deposited onto sterile steel grids placed into
a tissue culture dish (Falcon) with 2 ml of Grace’s medium (GI-
BCO) flush with the grids. The medium was supplemented with
10% fetal calf serum and 10% Bombyx haemolymph. The discs
were maintained at 25° C for 24 h maximum. Ethanolic dilutions
of 20-hydroxyecdysone were added to the Grace’s medium and
used at indicated final concentrations. The control discs were
treated with equivalent volumes of ethanol solvent alone.

For experiments involving inhibition of protein synthesis, cy-
cloheximide (Sigma) was added at a final concentration of 50
pg/ml 30 min before hormone addition.

Isolation of genomic clones

Genomic clones were isolated from a Bombyx mori library (Eick-
bush and Kafatos 1982), which had been constructed after ge-
nomic DNA from strain 703 silkworms had been partially digest-
ed with EcoR1 and cloned into the phage lambda Charon 4. The
library was screened using restriction fragments of Urbain cDNA
as radioactive probes. After plaque transfer to Nylon membrane
(Hybond N+, Amersham) according to standard procedures (Sam-
brook et al. 1989), hybridizations were performed at 42°C in
50% formamide, 5% sodium-sodium citrate buffer (SSC), 5x Den-
hardt’s solution, 0.5% sodium dodecyl sulphate (SDS) and 100
Hg/ml denatured herring sperm DNA. As a final wash, filters
were placed in 0.2x SSC-0.1% SDS at 65° C. Two clones were
selected and purified. Genomic DNA subclones were inserted into
the EcoR1 restriction site of the Bluescript SK+ vector (Strata-
gene).

Isolation of RNA

Frozen wing discs were ground in lithium chloride-urea-heparin,
and RNAs were isolated using a phenol-chloroform method
(Clemens 1984). RNAs were ethanol precipitated. The final pellet
was lyophilized, resuspended in RNAase-free water and the RNA
concentration was estimated by spectrophotometric measurements
before being used.

Preparation of probes

DNA was prepared for labelling by appropriate restriction enzyme
digestion. Specific fragments were isolated from 0.75% low melt-
ing agarose gels (FMC) in TRIS/acetate/ethylenediamine tetraace-
tic acid (EDTA) buffer (Bioprobe). The purified 1.6-kb-long
¢DNA was used as a probe for transcript detection and was la-
belled by Klenow extension of random-primed DNA with 32P-
dCTP (Feinberg and Vogelstein 1984).

RNA analysis

Five micrograms of total RNA were fractionated on denaturating
formaldehyde-1% agarose gels and transferred onto a nylon mem-
brane (Hybond N+, Amersham) using a Vacugene (Pharmacia) ap-
paratus. RNA markers (BRL) were stained with methylene blue.
RNA blots were hybridized at 65° C in 5x SSC, 5x Denhardt’s so-
lution, 0.5% SDS, 100 pg/ml of heat-denatured herring sperm
DNA and washed under stringent conditions at 65° C with 0.1x
SS8C-0.1% SDS final washing. Autoradiography was performed at
-80° C using X-Omat AR 5 film (Kodak) and intensifying
screens.

DNA sequencing

The restriction fragments from cDNA and genomic DNA were
subcloned into the Bluescript SK+ vector (Stratagene). Sequenc-
ing was performed by the dideoxy method of Sanger et al. (1977)
using Sequenase Version 2.0 (U.S.B.) and T7 polymerase kits
(Pharmacia). Oligonucleotides were also used to determine inter-
nal sequences. The cDNA and genomic DNA were sequenced on
both strands, except for the coding region of the genomic DNA
which was sequenced on one strand only. Computer-assisted DNA
and protein sequence analyses as well as searches in sequence dat-
abases were performed using the Antheprot package developed by
Geourjon and Deléage (1993). The secondary structure of the pro-
tein was predicted using the self-optimized prediction method
(Geourjon and Deléage 1994).

DNA analysis

The 5’-end of the Urbain ¢cDNA was cloned after Polymerase
Chain Reaction (PCR) amplification of ¢cDNA synthesized from
total RNA of day 11 discs. One microgram of total RNA was incu-
bated with Superscript II reverse transcriptase (200 units; GIBCO)
at 37°C and 20 pmoles of a 19-mer primer. The primer, 5-
CGATTGTTTCAAAAGAAGC-3’, was complementary to the se-
quence lying between positions 652 to 670. The first strand cDNA
was purified, concentrated and tailed according to the 5" RACE
procedure of Frohman et al. (1988) using the GIBCO-BRL Kkit.
The tailing reaction was performed by adding an oligo-dC se-
quence to the 3’ end of the cDNA in a PCR-compatible buffer.
Amplification was carried out with one-third of the volume of
the dC-tailed cDNA solution using the two primers described be-
low. The 3’ primer, 5-TTCTTAAATCGACTAGAGGCC-3’, was
complementary to nucleotides 317-337 of the sequence shown in
Fig. 4 and the 5" primer is a 29-mer oligonucleotide including 3
endonuclease recognition sites (BamH1, Sal I, Ava I) and ending
with 15 dGs. The PCR reaction was carried out on a Perkin-Elmer



apparatus using 2.5 units of Taq DNA polymerase (Boehringer-
Mannheim) added to a 50 pl final volume and run to 30 cycles of
94° C for 1 min, 53° C for 30s, 72° C for 1 min and finished at
72° C for 3 min.

The products were digested, run on a 2% NuSieve gel (FMC)
in TRIS/borate/EDTA buffer (Bioprobe), cut out, purified with
GeneClean (Bio 101) and subcloned into the pBSK+ vector be-
tween the sites Sal I — Cla I prior to sequencing.

In situ hybridization

To improve adherence of tissue to slides, Superfrost slides (Poly-
Labo, France) were coated according to the NaOH/poly(L)lysine
method described by Wilcox (1993). Cryosections (14 um) were
prepared from tissue after 4% paraformaldehyde-1x PBS fixation
at 4° C for 24 h and after embedding tissue in OCT compound
(Miles). The Clal-HindIIT ¢cDNA fragment (468 bp) was labelled
with 32P-dCTP by Klenow extension of random-primed DNA and
used after purification for in situ hybridization. The hybridization
procedure was carried out according to Charles et al. (1992) at 37°
C.

Results
Temporal expression of Urbain mRNAs

To characterize transcripts involved in wing morphoge-
netic processes, a B. mori cDNA library was cloned into
lambda-gt10 phage using mRNAs expressed in wing
discs after four injections of 20-hydroxyecdysone, before
the endogenous rise of hormone (Chareyre et al. 1993).
A differential screening using cDNA probes raised
against mRNAs prepared from wing discs before or after
the onset of differentiation led us to isolate 28 clones,

Fig. 1 Developmental profile of Urbain. Five micrograms of total
wing disc RNA isolated at various times (in days) during the
fourth and fifth larval stadia and from pupae are analysed by
Northern blots and hybridized with a 1.6 kb cDNA probe. At 22°
C, in the fourth larval stadium the feeding period is 3 days long; in
the fifth larval stadium the feeding period is 7.5-8 days long, after
which spinning begins. Larvae pupate 5 days thereafter and the
pupal-adult apolysis starts 4 days after the larval-pupal ecdysis.
The top panel shows hybridization with the cDNA probe. The
RNA size markers are on the left. The bottom panel ({RNA) shows
hybridization with a ribosomal probe, used as a control for loading
of RNA

IV"‘instar v™" instar
35 4 5 2 4 6 8

9.5kb_

2

4.4kb_ .

2.4kb-

1.4Kkb- - -

335

and among them, the Z17 clone. Two related clones,
7721 and Z1021 have been isolated by screening the
Bombyx cDNA library with Z17 cDNA as a probe. The
largest clone, Z1021, is presented below and is hereafter
named Urbain.

In Northern blot experiments (Fig. 1), the Urbain
transcript is observed at approximately 1.8 kb. A faint
hybridization signal appears at 4 kb. This might repres-
ent either a cross-hybridization to a related transcript or
to the unprocessed primary transcript. We have followed
the expression of the. Urbain mRNA in the wing discs
during the last two larval stages and in the pupa (Fig. 1).

During the second half of the fourth larval stadium,
the Urbain transcript level increases from day 3.5 to day
4, then its accumulation stops at day 5 just before ecdys-
is. During the first 8 days of the fifth larval stadium, the
Urbain transcript level remains undetectable even if the
Northern blot films are overexposed. Twenty-four hours
after the beginning of cocoon spinning (day 8), the Urb-
ain mRNAs start to accumulate. The intensity of the hy-
bridization signal increases markedly and reaches a max-
imum at day 10.5-11. At day 11.5, when cocoon spin-
ning is finished, the level of Urbain transcript decreases
sharply so that Urbain expression is not detectable at lar-
val-pupal ecdysis (day 12.5). In the pupa, a slight expres-
sion of the transcripts occurs at day 1 and 2; they rapidly
accumulate on day 4 and continue to increase until day
5. But no hybridization signal was detected during day 3
or day 6 which bracket the accumulation of the Urbain
transcript on days 4 and 5, despite a longer exposure of
films from different Northern blots.

Accumulation of the Urbain transcript has also been
followed with Northern blots in earlier post-embryonic
stages (not shown). Because the wing discs are too small
to be dissected, entire animals during the first two larval
stages and thoracic parts during the third and fourth lar-
val stadia were used to perform RNA analysis with
Northern blots. A burst of Urbain expression occurs dur-
ing the second half of each larval stage and is associated
with a 20-hydroxyecdysone peak (Coulon 1977) in every
case.

By comparing these results with variations in the ti-
ters of 20-hydroxyecdysone in Bombyx (Calvez et al.
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Fig. 2 A Dose-response profile for Urbain RNA induction by 20-
hydroxyecdysone in vitro. Day 6 wing discs from fifth instar lar-
vae are incubated in different molar concentrations of 20-hydroxy-
ecdysone for 9 h, then total RNA (5 ug per lane) is Northern blot-
ted and hybridized with a 1.6 kb ¢cDNA probe. Ribosomal RNA
(rRNA) is used as a quantitative control. B Time-course of Urbain
expression in cultured wing discs treated with 100 M or 105 M
20-hydroxyecdysone. Time is in hours. Total RNA (5 ug per lane)
is analysed by Northern blotting and hybridized with a 1.6 kb
cDNA probe. Ribosomal RNA (rRNA) is used as a quantitative
control. C Effects of 20-hydroxyecdysone and cycloheximide on
Urbain expression. Northern blot analysis of total RNA (5 pg per
lane) isolated from wing discs of day 6 fifth instar larvae that have
been incubated for 9 h in four different culture conditions: in me-
dium alone (control: C), in the presence of cycloheximide (50
pm/ml; CX), in cycloheximide and 10-5M 20-hydroxyecdysone
(CX+H) or in 1073 M 20-hydroxyecdysone (H). The 1.6 kb cDNA
is used as a radioactive probe and ribosomal RNA (#RNA) is used
as a quantitative control

1976; Coulon 1977), we deduce that Urbain expression
is associated with pulses of hormone and accumulates
when 20-hydroxyecdysone reaches its maximal level
during each stage of B. mori that was examined. The dis-
appearance of the transcript is always dramatic, since
there is no hybridization signal 12-24 h after the peak of
mRNA (Fig. 1). This decrease is concomitant with the
drop in hormonal titer. The Urbain transcript is not de-
tectable during intermoult periods when no 20-hydroxy-
ecdysone is present in the haemolymph. However, the
correlation between Urbain mRNA accumulation and
hormonal titer seems more complex in pupae: there is a
high, broad peak of 20-hydroxyecdysone which lasts
from day 1 to day 7 and is maximum at days 4-5. This
single hormonal peak coincides with two periods of Urb-
ain transcript accumulation (days 1-2, days 4-5), sepa-
rated by a gap at day 3 (Fig. 1), although the hormone ti-
ter (6x10-° M at day. 3) is still increasing between the ti-
ters at day 2 (2x10-6 M) and at day 4 (1.2x10-3 m).

In vitro accumulation of the Urbain mRNASs

Since the above results show that Urbain is present dur-
ing the peaks of 20-hydroxyecdysone, we asked whether
Urbain accumulation is induced by this hormone. A
Northern blot was prepared from wing discs cultured in
vitro for 9 h with concentrations of 20-hydroxyecdysone
from 10-8 M to 104 M (Fig. 2A). Urbain mRNAs show a

graded response to 20-hydroxyecdysone over a 100-fold
range of concentrations: Urbain is very weakly detect-
able at 10-7 M and peaks at 10-5 M. When hormonal lev-
els increase to 10~* M, Urbain expression decreases.

Cultured wing discs were incubated for increasing pe-
riods with10-6 M or 10-5 M 20-hydroxyecdysone in two
independent sets of experiments. Figure 2B shows that
Urbain mRNAs are not detected in fifth instar larvae at
the time of disc explantation (day 6), nor during the first
hours of hormonal exposure. In the presence of 10 m
20-hydroxyecdysone, a very faint hybridization signal
appears at 6 h, is readily detectable at 9 h and increases
during the 24 h of incubation. With a 10-5> M hormone
concentration, Urbain mRNA accumulation is clearly
present at 6 h, peaks at 9 h then decreases, suggesting a
reduction in the rate of transcript production or stability.

These patterns show that Urbain expression is depen-
dent on hormonal concentration but is delayed with re-
gard to the addition of 20-hydroxyecdysone. This is con-
sistent with the results presented in Fig. 2C: a Northern
blot was prepared with RNAs extracted from wing discs
incubated in culture medium alone (C), in medium sup-
plemented with 20-hydroxyecdysone (H), with 20-hy-
droxyecdysone and cycloheximide (CX+H) or with cy-
cloheximide (CX). The transcript accumulated only in
the presence of the hormone. No mRNA can be detected
when the wing discs are cultured with cycloheximide or
20-hydroxyecdysone and cycloheximide. This indicates
that, during the fifth larval stadium, the synthesis of
some proteins is required for the accumulation of the
Urbain mRNA and that this protein synthesis is con-
trolled by 20-hydroxyecdysone.

Tissue distribution of the Urbain mRNAs

The tissue distribution of the Urbain transcript is exam-
ined in fifth instar larvae when Urbain mRNA level in
the wing discs is maximal (day 11), as shown by North-
ern blot hybridizations (Fig. 1), and also when there is
no Urbain expression (day 6). In situ hybridizations are
performed on thoracic sections using a Urbain cDNA-
specific probe. Figure 3A and B shows that Urbain
mRNAs accumulate when 20-hydroxyecdysone titer is
high, but they are barely detected when the hormone is at
its basal level. The most intense hybridization signal is



Fig. 3A, B Localization of
Urbain transcripts by in situ
hybridization in day 6 (A) and
day 11 (B) fifth instar larvae.
Photographs were taken of fro-
zen cross-sections hybridized
with a 32P-c DNA probe and
exposed to Hford K5 autoradio-
graphic emulsion film. A The
wing disc (wd) is enveloped by
a peripodial membrane (pm).
The cuticle (¢) which normally
encloses the animal, was bro-
ken during preparation of the
section (e epidermis, scale bar
50 um). B The wing disc is ev-
erted. Labelling (arrowheads)
is concentrated in the wing disc
(wd) and epidermis (e). No sig-
nal is found on muscles (m).
Fat body (fb) shows a very
slight labelling. A cuticle (c)
encloses the animal (Scale bar
100 wm)
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observed in wing discs and epidermis. The intensity of
transcript expression is not identical among different tis-
sues; while not all tissues have been examined, it is clear
that Urbain expression is not restricted to wing discs but
occurs also in epidermis, another ectodermal tissue that
is a target of 20-hydroxyecdysone. Significantly lower
labelling can be seen in other 20-hydroxyecdysone target
tissues such as midgut (not shown in Fig. 3) or fat body.
No signal is found in the silk glands (not shown in Fig.
3) and muscles.

Sequence analysis of Urbain

Figure 4 shows the complete nucleotide sequence for the
Urbain ¢cDNA which agrees with the size of the tran-
script determined by Northern blot analysis. This se-

quence has been determined using several overlapping
subclones obtained after restriction analysis of Z17 and
71021 cDNA clones. All ¢cDNA sequences are deter-
mined on both strands, using oligonucleotides as internal
primers. In addition, since the cDNAs are not full-length,
the 5" end of the Urbain transcript was obtained by RT-
PCR. After cloning, PCR fragments of three independent
PCR amplification reactions were sequenced and these
sequences were found to be identical.

Two genomic clones were isolated from a B. mori ge-
nomic library (Eickbush and Kafatos 1982), which to-
gether include the entire coding sequence of Urbain
(Fig. 5). The restriction fragments of 3.8, 5 and 2.5 kb
were subcloned in the plasmid vector Bluescript SK+
(Stratagene) at the EcoR1 site. Detailed restriction analy-
sis and partial sequencing have revealed that the two ge-
nomic clones share a common 3.8 kb region. The se-
quencing of one strand in the genomic coding region has
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Fig. 4 Composite nucleotide
sequence of Urbain transcript,
its flanking genomic DNA and
the predicted amino acid se-
quence. Nucleotides are num-
bered in the left margin. Amino
acid sequence deduced from
the putative open reading frame
is shown above the nucleotide
sequence. Nucleotide at posi-
tion 1 is defined as the first
base of the first ATG codon.
The three potential translation
initiation sites are in bold type.
The signal peptide is under-
lined. The sites for N-linked
glycosylation are indicated by
triangles. The 2 poly(A) addi-
tion signals are indicated by a
double line. The DGEA se-
quence is indicated by a dotted
double line. The putative 5" end
and the 3’ end of the transcript
are indicated by arrows; the
presumptive TATA box is
boxed. Intron sequence and ge-
nomic sequences flanking the
transcription unit are in lower-
case. The TAT triplet, in paren-
thesis, encoding a Tyr residue
on the cDNA corresponds to a
GAA triplet (Glu residue) of
the genomic DNA
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aactatactgagatctiataagt tatatctcaaggtgggtggegeat ttacgttgtagat
gtctatgggctccagtacttaac[A_TgAGATGGGTTATGAAATCGTCCATCCATCTAAGCA
AAAAAAATATACATATTTACAGTTCGCAACTAATCARAATTGGACAGTAAGTCAGT CAGT
AACACTGGTATTTTTAAAGTATATTTTCGTGGACCGACAGTAGCTATTTTAATACAAATA
ATGACGAAAACATTTAGCGCGGTCCGAAGGCACGGAAAGCGTAAACACGAAGCGCCGGTA
M S vV A M
TGCACCGTTACCTCGCTTGTATARATGAGgagccccacccgaaagett tagTGTAGCGAT
T M K L H A AL L L TIVF VL A A R A
GACCATG. CGCGGCCCTET GT'C "GCCGCACGCGCAGC
s I P DKV P EAUZEDIKPIL NV YV L
CTCCATCCCGGACAAGGTCCCCGAGGCCGAAGATAAACCTTTARATGTCGTTGATAACTT
S 8 EQ EL I D QANTTII KDTIUDNSIL
ATCTAGTGAGCAGGAGCTCATCGACCAGGCTAATACCAT TAAAGACATCGATAACAGCCT
R AN K K EV I DI PV KV I V EE I K
CCGCGCGAACAAAAANGAAGTCATCGACATCCCCGTTAAAGTTATCGTTGAAGAAATCAA
P S8 L K DL ENVEV PDENZETETIK
ACCGTCGTTGAAGAGTGATTTAGAAAACGTTGAAGTGCCGGATGARAATGAGGAAATCAA
R P L V DLIRNPG?PPOQHQEUHET Q
GAGGCCTCTAGTCGATTTAAGAAATCCCGGGCCCCCGCAGCATCAAGAGCACGAARCACA
N P EHHUETDA AEI K I V S S V KNUDIN
GAATCCTGAACACCACGAAGATGCTGRAAAAAATCGTTTCTTCCGTCAAAAATGACATTAA
T A EI AL R Q GF Q EV 8D G I G K W
CACAGCGGAAATCGCTCTTCGTCAAGCCTTCCAGGAAGTGTCAGACGGTATTGGRAARATG
Y A RTEQQ I N EL Q A S L Q HVF Q EN
GTACGCTCGTACCGAGCAAATTAACGAGCTCCAGGCCAGCTTGCAACATTTCCAAGAARA
F G A 0 I Q0 K L E T L HVF I XK P A DT
TTTCGGCGCTCAGATACAAAAGTTGAATGAAACGCTACATTTTATTAAACCAGCTGACAC
I A AP SV EZETZ QNI KA AZ SV FETTI E S8
CATCGCGGCCCCTTCTGTCGAGGARAACGCAAAATARAGCTTCTTTTGAAACAATCGAATC
G L K $ L ETNVFNS GL NOQIL S E G I
GGGTCTCAAGTCTTTAGAGACAAATTTCAATAGCGGTCTTAATCAGC TATCTGAAGGTAT
Q I v AT F K A DG E A A A E S8 8§ S8 T A
TCAAATTGTGGCTACGTTCAAAGCH GCAGCTGAAAGTTCCAGTACCGC
P A Q S T T A S T N G P T N P L
CCCTGCTCAAAGCACAACAGCTTCTACAGT AACAAGCACCAATGGCCCTACAAATCCTTT
I 9 MV TNILIOQNS F L $ G M A L 7T Q
AATTCAAATGGTGACCAACCTCCAGAATTCATTCTTGTCCGGAATGGCTAATCTCACTCA
A I NNWNZSNQAW SV PNTIF GG A
AGCAATCAACAACTGGAACTCGAACCAAGCATGGACTGITCCAAATATTTTTGGCGGAGC
s T A AP QS DV QGDATTTTT Q R P
TAGCACTGCAGCCCCTCAGTCAGATGTTCAAGGCGACGCAACCACCACAACGCAGAGACC
A PWOQNL P S QI SNV FFDNUZPOQGOQN
TGCGCCGTGGCAAAATCTGCCGTCGCAAATAAGCAACTTTTTTAATCCCCAGGGACAAAA
S N Q Q Q 8 G 0 Q s ¢ A P 8 G L F 8 G
CAGTAACCAACAAAACCAGAGCGGTCAACAGTCGCAGGCGCCTTCTGGTCTCTTTTCTGG
vV ¢ N F P FNFLNULULOQPNIRUZPGAQ
TGTACAAAATTTTCCATTTAACTTCCTAAACCTCTTACAACCAAATAGGCCTGGTGCTCA
S T E XK P A E AT S TTTGV A S A A P D
GTCTACTGAGARAACCCGCTGAAGCGACCAGTACGACCGGAGTCGUGAGTGCCGCTCCAGA
I A XK P S ESNUPPTETIKPEQ P A A
CATTGCGAAACCATCTGAGTCAAATCCGCCCACTGAAACAAAACCAGARCAACCCGCAGC
G P L K QI PF EDNUS PV L QG I A G AV
CGGGCCATTAAAACAAATTTTCGAGAACAGCCCAGTTCTGCAAGGCATCGCAGGAGCAGT
XK K I ¢ T TV NNUD©PV KU®PIRUDS, Y.V V E
TAAAAAAATCCAAACAACAGTCAATAATCCAGTGAAGCCAAGAGATTCT&A TGGTTGA
ET K S E Q E K GGGV I L L PV H G H G
AGAGACTAAATCTGAGCAAGAGAAGGGAGGCGTCATTTTGTTGCCAGTACACGGTCACGG
G H G G N G
CGGTCACGGTGGAAATGGTGgtgagtactttttcatatcgaggagtgaaagtctattatt
acatttaagcgatattttt 1.6kb Intronic geguence attttgattaatatct
G D N N v 8§ D G L K A E
aataataacttatcatgttatagGGGATAATAACAACGTCAGTGACGGGTTGAAAGCGGA
‘A E E I K Vv § TEUEI K QEEV K E K E I
AGCCGAAGAAA%CAAGGTATCCACAGAAGAAAAACAGGAAGAGGTAAAAGAGAAAGAAAT
I vV E K T E *
AATAGTAGAAAACAAGACTGAATCGAGTCACTAATGACCCATGTTAATGTTAATTAATTGA
ATTAGATATTCTTTGTACAAATAAAGACGACTGAAACATGAGCATGAAGARCAGACGAAA
MAATTTAATTTAATngacthttttatttgcgaggcgaccttacataacaaagcgtt
tttgtecacaagcgacatcttagacccagaaaagataattacaatittgaacattttc

shown that the ¢cDNA and genomic DNA are colinear, nylation site, located at a functional distance of 15 nucle-
except for a Glu residue (position 1444-1446) which re- otides upstream from the poly-A tail, could be the active
places a tyrosine found on the cDNA (see Fig.4). one.

The sequence of the mRNA (Fig. 4) contains a putative By comparison of the genomic and cDNA sequences
open reading frame of 1656 nucleotides flanked by a 3’ two introns were found. A small putative intron (22 bp)
untranslated region of 113 nucleotides and a 5" untrans- is present downstream from the first ATG codon between
lated region of 241 nucleotides. Two polyadenylation nucleotides 5 and 6; however, the splice junctions
consensus sequences (Proudfoot and Brownlee 1976) are  (ag/GAgc and tttAG/tg) are rather rare. It is more con-
defined at positions 1711 and 1750. The second polyade- ceivable that the presence of the 22 bp fragment is due to
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Fig. 5 Schematic organization of Urbain gene. The scale is in ki-
lobases (upper line). The two genomic clones A 114 and A 724
were isolated from the genomic library. Restriction sites are shown
for the 0,3, ¥ genomic segments that were cloned independently in
the Bluescript plasmid. The restriction enzymes used are: A Acc 1,
BBglIl, CClal, EEcoR1, A Hind ITI, 2 Pst 1, R EcoRY, § Sac I.
The lower line represents the transcribed region of the Urbain
gene. Open boxes indicate the 5" and 3’ untranslated regions; the 5
end of the transcription unit is not precisely determined. The two
introns are mapped as thin lines. The filled box represents the pro-
tein-coding region

polymorphisms between the two Bombyx strains used for
the ¢cDNA study (strain 200-300) and for the genomic li-
brary (strain 703). A second intron lies between nucleo-
tides 1534-1535 of the cDNA. By restriction site map-
ping its length has been estimated to 1.6 kb.

The 5" end of the Urbain transcript has not yet been
determined precisely; however preliminary primer exten-
sion experiments suggest that it could be located 241 nu-
cleotides upstream of the first translation initiation site
(position 1 in Fig. 4). The proposed transcription start
site ATCAGAT agrees well with the Drosophila start
consensus sequence (Cherbas et al. 1986). However, the
potential TATA box is located 67 nucleotides upstream
from this transcription initiation site, which seems an un-
usually long distance, and thus suggests that either the
effective transcription start site is more upstream than es-
timated or that Urbain does not utilize a TATA box to
initiate transcription.

Three in-frame translation start sites are found in
closely spaced positions, starting at nucleotide 1, at nu-
cleotide 13 and at nucleotide 19. The nucleotidic context
of these ATG triplets does not correspond to the opti-
mum consensus context for the initiation site of transla-
tion (Kozak 1989; Cavener and Ray 1991). In the case of
Urbain mRNA, the three sites could be used for increas-
ing the efficiency of the translation (Kozak 1991).

The Urbain gene encodes a putative polypeptide of
551 amino acids. Searches of amino acid sequence data
show that Urbain protein does not present any structural
motif which places it among a particular family of pro-

transcription
unit

teins. Nevertheless, a DGEA sequence (nucleotides
760-771) has been found. In vertebrates, the DGEA site
is a recognition sequence for collagen I by an integrin
(Staatz et al. 1991). The hydropathy analysis (Kyte and
Doolittle 1982) presented in Fig. 6A, indicates that the
Urbain protein is predominantly hydrophilic, except for
a prominent hydrophobic segment of 16 amino acids at
the N-terminal region of the coding sequence. This lat-
ter region corresponds to a peptide signal sequence
which suggests that Urbain is a secreted protein (Perl-
man and Halvorson 1983; Heinje 1985). This segment is
separated from the methionine codon (nucleotides
19-21) by a lysine one, which is in agreement with the
study of Perlman and Halvorson (1983). Six potential
N-linked glycosylation sites are found along the protein
(Fig. 4).

Discussion

We report here the characterization of a gene encoding a
novel protein in Bombyx. Indeed, searches in sequence
data banks have failed to identify any proteins with sig-
nificant similarity to the Urbain product. Comparison of
the predicted amino acid sequence reveals no striking
features with catalogued protein structural motifs, except
the DGEA sequence. However, the functionality of a
DGEA binding site is obscure in Bombyx, since the only
collagen molecule that has been described in this insect
is not collagen I (Chareyre et al., in preparation). At the
N-terminal part of Urbain, the peptide signal indicates
that the protein is probably secreted, this is corroborated
by the hydrophilic character of the protein and the pres-
ence of potential N-glycosylation sites.

Nevertheless, alignment with the Clustal method
(Higgins and Sharp 1988) shows a significant similarity
with the IMP-E2 protein: 18% of the amino acids are
identical and 42% correspond to conservative substitu-
tions (Table 1). This Drosophila protein has been de-
scribed by Paine-Saunders et al. (1990) as an ecdysone-
dependent product, secreted and expressed during wing
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Fig. 6 A Hydropathy plot of Urbain protein. The hydropathy of
the Urbain protein is evaluated according to the method of Kyte
and Doolittle (1982). Amino acids are numbered from the first
translation start site. Positive values correspond to hydrophobic re-
gions. B Secondary structure predictions of the Urbain protein.
The amino acids are numbered on the abscissa axis. The dotted
boxes and the great vertical bars represent respectively large and
narrow regions of a-helices; the open boxes and the middie-sized
vertical bars indicate large and narrow regions of B-sheets; the
small vertical bars represent turns

disc morphogenesis. The matching residues are distribut-
ed throughout the proteins. In the two polypeptides, ala-
nine, glutamic acid and glutamine or asparagine are the
most frequent amino acids. Like IMP-E2, Urbain con-
tains several EIK-type repeats which consist of short-se-
quence motifs with an acidic amino acid, an hydrophobic
one and then lysine; but for the Urbain protein, the mo-
tifs are more variable in number and spacing and are lo-
cated at each end of the protein.

The secondary structure has been predicted according
to Geourjon and Deléage (1994) and is presented in Fig.
6B. It reveals that the Urbain protein can be divided into
three major regions. The first one contains approximate-
ly 300 residues at the N-terminus and presents mainly an
a-helical structure. A second region (from residues 300
to 460) is poorly organized. The last region lies at the C-
terminus of the protein and contains several stretches of
o-helix, mixed with B-sheets. The N-terminal region of
the IMP-E2 protein also presents long domains with o-
helices (Paine-Saunders et al. 1990), whereas the re-
mainder of the protein contains o-helix and S-sheet
parts. Thus, both the structural organization (secreted
proteins, large domains of similarity, a-helical struc-
tures) and the related developmental expression patterns
suggest that the two proteins might belong to related
families in charge of similar functions outside the cell.
This hypothesis must, however, be verified by functional
analysis of specific Urbain protein domains (work in
progress). Immunolocalization results on IMP-E2 protein
(Paine-Saunders et al. 1990) showed that the protein is
secreted apically and could be essential in remodelling
the wing disc cell surface. However, the hormonal regu-
latory pathways of IMP-E2 and Urbain genes are differ-
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300 400

ent; the first one is a primary gene induced by 20-hy-
droxyecdysone whilst Urbain shows a secondary re-
sponse to the same hormone (see below). The signifi-
cance of such differences in hormonal regulation for
genes encoding putatively similar proteins is not known;
this might reflect different requirements for development
of Diptera and Lepidoptera.

The Urbain gene requires the action of 20-hydroxyec-
dysone to be expressed. The transcript accumulation is
induced either in vitro after hormonal stimulation or in
vivo at the peak of hormone secretion during each stage
that has been examined. Moreover, mRNAs accumulate
in response to hormone in a dose-dependent manner: in
vitro, the transcript is present at a higher level with a
higher 20-hydroxyecdysone concentration; in vivo, the
abundance of Urbain transcript during the fourth and
fifth larval stadia reflects the hormonal level. This sug-
gests that the developmental pattern of Urbain transcript
accumulation is regulated both by changes in the hor-
mone level and by the duration of the peaks.

The in vitro experiments show that Urbain mRNA ac-
cumulation is delayed after hormone addition and re-
quires synthesis of regulatory proteins. These proteins
could be encoded by 20-hydroxyecdysone-inducible
genes, homologous to such Drosophila early genes as
Broad-Complex (Karim et al. 1993), and could influence
Urbain gene expression either by acting on the promoter
or by affecting some posttranscriptional mechanisms.
Thus, temporal expression and in vitro requirements
show that Urbain behaves as a late or secondary re-
sponse gene with respect to 20-hydroxyecdysone action,
according to the classification proposed by Ashburner et
al. (1974) for Drosophila salivary gland genes. Late
genes have been characterized in Drosophila wing discs:
IMP-L1 (Natzle etal. 1992), IMP-L2 (Osterbur et al.
1988). Like Urbain in Bombyx, they are detected in wing
discs several hours after the increase of 20-hydroxyecdy-
sone titer and require protein synthesis to be induced.
However, there are several differences between Bombyx
and Drosophila wing disc genes.

Whereas the IMP-L.2 gene is expressed in prepupae
and during embryonic development without exclusive re-
lation to the hormonal level (Garbe et al. 1993) and the



Table 1 The alignment of Urbain and IMP-E2 proteins was performed by using the Clustal method (Higgins and Sharp 1988; Stars and

bold letters indicate identical residues, italicized letters and dots indicate conserved residues)

URBAIN MSVAMTMKLHAALLLTIFVLAARAASIPDKVPEAEDKPLNVVDNLSSEQELIDQA 55
IMP2-DROME MK....... PVALIL.VF.LAISQARVLNLPKEAIDIPVAIVEDKEPPVALSLVK 46
Consensus * N S T *x ok kL x_ L. L *

URBAIN NTIKDIDNSLRANKKEVIDIPVRVIVEEIKPSLKSDLENVEVPDENEEIKRPLVD 110
IMP2-DROME EEVKAEEVKPEEVKPIAQEEKAKDLKEEVKPEIKPEIKEQPKPDIKDEIKEDL 99
Consensus LR L . .. . * kR kX * L. LA S
URBAIN LRNPGPPQHQEHETQONPEHHEDAEKIVSS VKNDINTAETALROGFQEVSDGIGKW 165
IMP2-DROME .. it iienennen KADIKEELKEKIEEQ INELPNAKPLELKE. ......... KSs 130
Consensus A R *
URBAIN YARTEQINELQASLQHFQENFGAQIQOKLNETLHFIKPADTIAAPSVEETONKASF 220
IMP2 -DROME LEAEFEKPQEIKEEVQQ. .. ... PEIKK. ...t inensennens EATEIKE. . 158
Consensus LEL LR L. * LU ELF * ok *

URBAIN ETIESGLKSLETNFNSGLNQLSEGI QIVATFKADGEAAAESSSTAPAQSTTASTV 275
IMP2-DROME EPAQNILKSLPAEETVVVPAEELSPNPVEQEQSENODAAHPQVROATQATPTOQS 213
Consensus * L, EEkx e e e e kL I

URBAIN TSTNGPTNPLIQMVTNLONSFLSGMANLTQA INNWNSNQAWSVPNIFGGASTAAP 330
IMP2~-DROME TTQGNFVQQLIQN ............ SPIGQFINQFQPOPA. .. ...... AAAAPA 247
Consensus JHEE R T R * L 0*
URBAIN QSDVQGDATTTTQORPAPWQONL PSQISNF FNPQGONSNQOQNQSGQOQSQAP. SG 381
IMP2-DROME AAQVQADDAAAAAPATP. . APTVPGFLNPQAAITSAQQAVQNAAQSAVNATTQ 298
Consensus L ERE .. * R EEE L *,

URBAIN LFSGVQNF PFNFLNLLQPNRPGAQSTEKPAEATSTTGVASAAPDIAKP..SESNP 434
IMP2-DROME AFQGIQQFASNLGNQFQNTLSSLTGQQQQAVSTTPRPPGPIQQFVNNVFGGNNNA 353
Consensus * ok %k kK ok L*®
URBAIN PTETKPEQPAAGPLKQIFENSPVLQGTAGAVKKIQTTVNNPVKPRDSYVVEETKS 489
IMP2-DROME TAAAPPAQQOSGNPLOGIIN....... FLGGNRPQNAPAAAPATQATEKPAVDDKI 401
Consensus e, Rk EE Ok fo * .. .. .o

IMP-L1 gene is expressed during and after pupariation
(Natzle etal. 1992), Urbain expression is induced at
each 20-hydroxyecdysone peak during successive larval
stages of Bombyx and at metamorphosis. This time
course is consistent with a role for the Urbain gene in
events including the growth and morphogenesis of the
wing discs.

However, the dose-dependence for Urbain accumula-
tion is not verified when cultured discs are incubated with
the extraphysiological concentration of 10-4M 20-hy-
droxyecdysone (Fig. 2A), and in pupae where Urbain is
transcribed in two waves during the peak of 20-hydroxy-
ecdysone (Fig. 1). The temporal regulation may therefore
be complex and different pathways of several regulatory
proteins might be involved according to the developmen-
tal stage and/or the hormone level. Thus, the Urbain gene
can be a good candidate for identifying upstream genes;
these unknown genes could interact from hormonal in-
duction to developmental tissue modifications.

Urbain expression has a tissue distribution different
from that of the Drosophila late genes. Whereas IMP-1.1
mRNA is detected only in discs (Natzle et al. 1992),
IMP-L2 expression is not restricted to the discs but is
implicated in the development of the nervous system
(Garbe et al. 1993). In situ hybridizations show that Urb-
ain is expressed in wing discs and epidermis. The latter
has the same ectodermal origin as the wing primordia
and also undergoes complex, hormonally-induced modi-
fications during insect life. In contrast, the silk glands
which also originate from the ectoderm, do not express
Urbain; this might be related to their developmental fate
since they will degenerate after cessation of spinning. A
slight labelling is seen on fat body, another 20-hydroxy-
ecdysone inducible tissue (Lepesant et al. 1986). These
spatial and temporal localizations suggest that Urbain is
required in different tissues to realize a specific phase of
the differentiative processes initiated by the hormone.
This specific phase occurs repeatedly throughout larval



342

life and at metamorphosis -a period characterized by
massive tissue reorganization and morphogenesis. Also,
the delay between appearance of the hormone peak and
accumulation of the Urbain transcript suggests that the
protein is involved in late events. Identification of these
events and analysis of the role and regulation of the pro-
duction of this protein (work in progress) will help to
generate some insight into the mechanisms of tissue re-
organization.

In conclusion, we suggest that Bombyx wing discs can
provide a convenient system in which to study mecha-
nisms underlying wing morphogenesis, and we hypothe-
size that the Urbain gene product may be involved in the
process of cell rearrangement leading to changes in tis-
sue size and shape.
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