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Abstract

The POU domain is a highly conserved region found in
a number of transcription factors and products of
developmental control genes. This report presents here
the isolation and characterization of a POU domain-
containing ¢DNA (POU-M1) from the middle silk gland of
Bombyx mori. 1t encodes a protein with a POU domain
identical to that of the Drosophila Cfl-a protein. By
mobility shift and nuclease protection assay, the POU-M1
protein and the putative silk gland factor SGF-3 were
found to interact in an inditinguishable manner with the
SC region of the sericin-l gene, which is a key cis-acting
element involved in the stimulation of sericin-1 gene
transcription through the interaction with SGF-3.
Antibodies raised against the synthetic oligopeptides
corresponding to the two regions of putative POU-MI
sequence reacted specifically to both the POU~-M1 protein
and the 8GF-3. Northern blot hybridization and Western
blotting revealed that the POU-Ml expression is regulated
both temporally and spatially during the silk gland
development. It is concluded that the POU-M1l protein is
identical to 8GF-3 and proposed that the differential
expression of the PQOU-M]1 gene is probably involved in the

transcriptional regulation of the silk protein genes.



Introduction

The POU domain is a DNA-binding region consisting of
75-82 amino acids POU-specific domain, a short variable
linker region, and a POU-specific homeodomain of 60 amino
acids (for reviews, see Ruvkin and Finney, 1991; Herr et
al., 1988). It was originally found in three mammalian
transcription factors, the pituitary-specifiec Pit-1/GHF-1,
the ubiquitous Oct-1, and the predominantly B cell
specific Oct-2, and the product of the cell lineage
control gene Unc—-86 of Caenorhabditis elegans (llerr et
al., 1988 and references therein). By means of sequence
similarity, several other mammalian POU domain genes have
also been identified (He et al., 1989; Monuki et al.,
1990; Okamoto et al., 1990; Rosner et al., 1990; Scholer
et al., 1990; Suzuki, N. et al. 1990). All of them were
shown to interact with an octamer-like sequence (see Fig.
2 of Ruvkin and Finney, 199}) and to activate
transcription via an octamer motif near the TATA box. The
Drosophila Cfil-a protein, which interacts with a DNA
element required for expression of the dopa decarboxvlase
gene 1in selected dopaminergic neurons (Johson and Hirsh,
1990), was also found to possess a POU domain similar to
those of the mouse Oct-6 (Suzuki, N. et al., 189%0) and the
human Brn-1 and Brn-2 (He et al., 1989) proteins. These
POU domain genes are likely regulatory genes controlling

transcription of distinct sets of genes during

development. The findings that two dwarf mutations in




mice are null mutations in the Pit-1/GHF~1 gene (Li et
al., 1990) provide further support on the roles of POU
transcription factors in development. Recently, the
maternally expressed POU domain transcription factor, the
Oct-3/4 protein (Okamoto et al., 1990; Rosner et al.,
1990; Scholer et al., 1990), has also been shown to be
required for the first embryonic cell division in mice
(Rosner et al., 1990).

Suzukl and his colleagues have been studying the
developmental regulation of the silk protein genes in
Bombyx mori (see Suzuki, Y. et al., 1990 for a review) .,
Among them, the sericin-1 gene is expressed exclusively in
the middle silk gland while the fibroin gene is specific
to the posterior silk gland. Both genes are actively
expressed during the intermolts but repressed during the
molting stages. Several silk gland proteins have been
identified as putative regulatory factors involved in the
transcriptional control of the fibroin and sericin-1 genes
(Hui et al.,, 1990; Matsuno et al., 1989, 1990). OQOne of
these proteins, SGF-3, was found to bind with a high
affinity to the SC region of the sericin-~1 gene (Matsuno
et al., 1990) and the distal upstream region of the
fibroin gene (Hui et al., 1990). These regions are known
to be important for an efficient transcription of these
genes in the silk gland extracts (Matsuno et al., 19380;
Tsuda and Suzuki, 1983; Suzuki et al., 19886). A multimer
of the SC region gave transcriptional enhancement in

extracts prepared from the middle silk gland where the



sericin-1 gene is specifically expressed but that of a
mutant SC region giving a reduced affinity for SGF-3 did
not (Matsuno et al., 1990). Mobility shift assays
revealed that SGF-3 is far more abundant in the middle
silk gland of the 2-~day-old fifth-instar larvae than in
the posterior silk gland (Hui et al., 1990; Matsuno et
al., 1990; Suzuki, Y., unpublished). These observations
suggest that the SGF-3 is a key regulatory factor in the
transcriptional control of the sericin~1 gene.

The SGF-3 was proposed as an octamer binding protein
(Hui et al., 1990). Since high affinity SGF~3 binding
sites, such as the SC and fibroin distal upstream regions,
also contain octamer-like sequences, it has been
speculated that SGF-3 might possess a POU domain similar
to the mammalian octamer-binding proteins. This report
describes the isolation and characterization of a POU
domain cDNA (POU-M1) from the middle silk gland. 1t has
been shown that the POU-M1 protein and SGF-3 bind to the
SC region in an indistinguishable manner and they share
immunologically closely related structures. The
expression of POU-M1 gene is developmentally regulated,

and the POU-M1 transcript was restricted to the middle

silk gland during the fifth intermolt.




Materials and Methods

Cloning and Sequencing of POU-M1 cDNA.
A set of fully degenerated primers for polymerase chain
reaction (PCR) were synthesized according to the two
highly conserved regions (for the sequences, see Fig. 1)
among POU domain proteins as described by He et al.
(1989). The sequence for forward primer is
TT(C/TYAA(A/G) (G/C) (A/T)N{A/C)GN(A/C)GNAT(A/T/C)AA~-
(A/G)(T/C)TNGG and the sequence for reverse primer is
(T/C)TGNC(T/G)N(T/C)(T/G)(A/G)TT(A/G)CA(A/G)AACCANACNC,
where N stands for a mixture of A, T, G and C. First
strand c¢DNAs were generated from poly(A)+ ENAs of the
middle and the posterior silk glands of 2-day-old fifth-
instar B. mori larvae (a Kanebo hybrid strain, Kin-shu x
Sho-Wa) according to standard procedures (Ausubel et al.,
1987). PCR was performed 40 cycles at 94 °C for 1 min, 45
“C for 1 min, and 55 °C for 3 min with 50 ng of cDNA and
200 pmoles each of the primers in a 100 pl reaction
mixture as recommended by Perkin-Elmer Cetus. The
reaction products of an appropriate size were subcloned
into pBluescript 1I (Stratagene) and the POU domain
sequence was confirmed by sequencing with a Sequenase
protocol (United States Biochemicals). The PCR clone was
then used as a probe to screen a middle silk gland lambda
gtll c¢DNA library (Sambrook et al., 1989). After
subcloning the ¢DNA insert into pBluescript IT, the

complete nucleotide sequence of the longest cDNA clone was




determined.

In vitro Transcription/Translation.
The pBluescript II subclone containing the entire open
reading frame was used as template for in vitro
transcription. In vitro transcription and RNA capping
were pertformed as recommended by the manufacturer
(Stratagene). An aliquot of the synthesized mRNA was
translated in a rabbit reticulocyte lysate (Promega) in
the presence of 35S~-methionine and the translated products
were analyzed by an SDS-PAGE.

Mobility Shift and DNasel Footprinting Assays.
The oligonucleotide probes used for mobility shift assay
were shown in Fig. 3B. Binding reaction (10 pl) was
carried out in a binding buffer containing 25 mM HEPES-
NaOH (pH7.9), 25 mM NaCl, 5 mM MgClz, 8.7% glycerol, 1 ng
poly(dI-dC) - -poly(dI-dC), 1 pg sonicated salmon testis DNA
and 0.1 ng oligonucleotide probe labeied by filling-in
reaction with Klenow enzyme. The reaction was started by
adding proteins and kept on ice for 30 min. Protein-DNA
complexes were visualized on a 5% polyacrylamide gel
(Matsuno et al., 1990). The probe DNA containing -331 to
—50 sericin-1 upstream region used for footprinting assay
was described previously (Matsuno et al., 1989).
Footprinting was performed as described (Matsuno et al.,
1989) except that the time for the DNasel treatment was
increased to 10 min for the in vitro translated products.
Nuclear extracts from the middle or posterior silk gland

of 2-day-old fifth-instar or fourth molting stage larvae




were prepared as described (Matsuno et al., 1989).

RNA Extraction and Blot-Hybridization (Northern)
Analysis.
Total RNA was isolated by using an acid guanidinium
thiocyanate-phenol-chloroform method (Chomczynski and
Sacchi, 1987) and poly(A)" RNA was enriched by oligo
(dT)-cellulose chromatography. The RNA was
electrophoresed on 1% agarose-1.1 M formaldehyde gels
(Ausubel et al., 1987) and transferred onto Nylon
membranes (Biodyne, PALL). Blots were hybridized with the
whole POU-M1 ¢DNA probe labeled by a random primer method.
A control probe which hybridizes with an abundantly
expressed transcript of unknown identity was also used to
check the integrity of RNA.

Synthetic Peptides and Immunization.
Rabbits were immunized by injecting 2 mg of BSA conjugated
oligopeptides synthesized according to the deduced POU-MI1
amino acid sequence by a Peptide synthesizer {Applied
Biosystems Inc.) mixed with complete Freund’s adjuvant.
Following the subsequent 3 boosts with 2 weeks interval of
the oligopeptiides mixed with incomplete Freund’s
adjuvant, blood samples were taken and the serums were
tested for anti-POU-M1 activity. 1gG was purified from
each serum by GammaBind G column (GENEX), and used for
further experiments.

Hyper—-shift Assay.

Affinity purified 1gGs were added to the mobility shift

reaction mixtures with or without competitor peptides,




incubated further for 20 min and tested for mobility shift
as described (Matsuno et al., 1980).

Western Blotting.
Proteins of nuclear extracts were separated by an SDS-
PAGE, and transferred to nitrocellulose membrane
(Schleicher & Schuell). I'mmunoblotliing was performed with
the rabbit IgGs described above and horse radish
peroxidase-labelled goat anti—-rabbit Igf (CAPPEL) (Amanai

et al., 1991),.
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Results

Isolation and Sequence Analysis of PQU-M1 cDNA.
Based on the assumption that SGF-3 is a POU domain
protein, a PCR method was used to c¢lone POU domain
sequences from the c¢DNA of the middle silk glands. PCR
primers corresponding to the two highly conserved regions
of the POU domain (Fig. 1) were prepared by the method
described by le et al. (1989) which were successfully used
in the isolation of a number of mammalian POU domain
sequences. As a result of PCR with these primers (Fig.
2), one type of POU domain sequence was obtained from the
cDNA of the middle silk gland, which is named POU-M1. 1In
these trials, POU domain segquences could not be detected
in the cDNA of the posterior silk gland. Using this PCR
fragment as a probe, longer cDNA clones were isolated from
a middle silk gland c¢DNA library. From 240,000 plaques 23
POU-Mi-derived clones were detected. However, other types
of POU domain genes were not obtained by cross hybridiza-
tion. Fig. 4 shows the nucleotide sequence of the longest
clone and the deduced amino acid sequence of the putative
protein. The sequence revealed one open reading frame of
351 amino acids with a deduced molecular mass of 38.6 kDa.
The methlonine residue at the nucleotide position 181 is
designated as the initiator because it is the first methi-
onine residue after many termination codons and the se-
quence around it matches with an optimal consensus se-

quence for eukaryotic translation initiation, -CCA/GCC—
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ATG, as defined by Kozac (13984).

The POU-M1 protein contains a POU domain identical to
that of the Drosophila Cfl-a protein which is a putative
neuron-specifie transcription factor (Johnson and Hirsh,
19980). This 170 amino acid region shows a homology of
greater than 80% with those of the POU-III type proteins
(He et al., 1989), such as the human Brn-1 and Brn-2
proteins and the murine Oct-6 protein (Fig. 5).
Considering the phylogenic divergence between insects and
mammals, it is surprising to find such a high
conservation. In the N-terminal region, repeats of
proline-rich region alternated with histidine-rich region
can be found (Fig. 4). Similar repeats are also found in
the Oct-6 protein (Suzuki N. et al., 1990). Proline-rich
regions have been shown to function as an activation
domain in several transcription factors (Mermod et al.,
1989; Mitchell and Tjian, 1989). It is possible that this
region of the POU-M1 protein has a similar regulatory
function,

The POU-M! Protein and SGF-3 Bind Indistinguishably to
the SC Region.

In vitro transcription/translation of the POU-M1 c¢DNA
revealed a protein of about 38 kDa as deduced from the
nucleotide sequence (data not shown). To know whether
this POU-MI protein is identical to SGF-3 or not, binding
specificity was tested for the in vitro synthesized POU-M1
protein by mobility shift and nuclease protection assays.

Three protein binding regions of the sericin-l gene, the
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SA, SB and SC regions, have been identified previously
(Matsuno et al. 1989) and their schematic construction and
sequences are described in Fig. 3A and B. Among them, the
SC region is known to interact with SGF-3 with a high
affinity while the SA region binds another silk gland
specific factor, SGF-1 (Hui et al., 1990; Matsuno et al.,
1990) which are also schematically described in Fig. 3A.
As shown in Fig. 6A, the In vitro synthesized PQU-MI1
protein bhound strongly to the SC region but not to the SA
region. Interestingly, the POU-M1 protein also bound
weakly to the SB region, which contains a 7/8 match of the
canonical octamer seguence, ATGTAAAT (Matsuno et al.,
1989). The binding of the POU-M1 to the SC region is
specific because an excess of the SC oligonucleotide, but
not the SA oligonucleotide, competed the formation of the
complex (Fig. 6B)}. This binding was affected by mutations
in the SC region as shown by a diminished ability of the
SCM oligonucleotide in competition analysis. It should be
emphasized that the SCM oligonucleotide also showed a
diminished ability to bind SGF-3 (Matsuno et al., 1990).
Next, a mobility shift assay of the in vitro
synthesized POU-M1 protein and SGF-3 in a middle silk
gland extract was carried out in parallel. As shown in
Fig. 7, they form complexes which migrate virtually with
the same mobilities. Turthermore, the SC oligonucleotide
competed these complexes essentially with the same
kinetics. The SB and the SCM oligonucleotides were also

shown to compete these complexes with similar kinetics,
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though much weakly (data not shown). The intensities of
the bands were measured and expressed as persent
activities (Fig. 8), which indicate the competition
ratterns are similar. These observations suggest that the
POU-M]1 protein and SGF-3 are identical. To further
support this hypothesis, DNasel protected patterns were
examined for the POU-M]1 protein and SGF-3 on the sericin-1
gene promoter (Fig., 9). The POU-M1 protein gave a DNasel
footprint and hypersensitive sites on the SC region
virtually the same as the SC region protection by the
SGF-3 in middle silk gland extract, while the extract gave
protection at SA and SB regions as well,

Antibodies Raised Against the Deduced POU~M1 Amino Acid
Sequences Also Reacted to SGF-3 with the Same Specificity.
Oligopeptide sequences corresponding to the deduced POU-M1
amino acid sequences N1, Cl and HC shown in Fig. 2 were
synthesized and used for immunization by K. Matsuno.
Matsuno further demonstrated that antiserums against the
N1 and Cl peptides reacted with POU-M1 protein. Affinity
purified 1gGs frbm the serums were added to the gel
mobility shift assay reaction mixtures. Both the N1 and
Cl antibodies reacted with SGF-3/SC complex and POU-M1/SC
complex and resulted in hyper-shifting the complexes (Fig.
10). Addition of the cognate antigens wiped out the
antibody effect leaving the SGF-3/SC and POU-M1/SC
complexes uneffected. Addition of unrelated antigens did
not disturb the hyper-shift effect of the antibodies.

These results clearly indicate that both antibodies are
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very specific. It is concluded that the POU-M1 protein is
identical with the SGF-3.

Developmentally Regulated Expression of the POU-M1 Gene
in the Silk Gland.
To know the profile of POU~M1 transcript and protein
during development of posterior and middle silk gland, RNA
blot hybridization and Western blotting were performed. A
3.1 kb transcript was detected by Northern hybrydization
(Fig. 11A) both in the posterior and middle silk glands
during the fourth molting stage (lanes 1 and 5), and when
the larvae entered the fifth intermolt the level in the
middle silk gland was reduced and then increased again
slightly (lanes 6 to 8) while the transcript became
undetectable in the posterior silk gland (lanes 2 to 4).
As shown in Fig. 11B the transcript continued to be
detected in middle silk gland until the end of the fifth
larval instar (Fig. 11B lane 86), along with active
expression of sericin-1 gene. By mobility shift assays,
SGF-3 has been found abundantly in the middle silk gland
of 2-day-old fifth instar larvae while at a much lower
level in the posterior silk gland of this stage (Hui et
al., 1990; Matsuno et al., 1990) and found both in the
middle and posterior slik glands during the fourth molting
stage (Fig. 12). 1In Western blotting performed using
nuclear extract proteins from silk gland (Fig. 13B), the
POU-M1 C1 antibody detected an approximately 38 kDa band
in both extracts from the posterior and middle silk gland

of the fourth molt and only in the extract from the middle
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silk gland of 2-day-old fifth intermelt. The POU-M1
protein analyzed in parallel showed the the same size band
{Fig. 13A). This differential existence of PQU-M1
transcript and protein during the fifth intermolt is
consistent with the middle silk gland specific expression
of the sericin-1 gene. These results indicate that the
POU-M1 expression is differentially regulated in the
posterior and middle silk glands during the fourth

molt/fifth intermolt.
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Discussion

It has been previously described that the gilk gland
factor SGF-3 is probably a key trans-acting factor for the
regulation of the sericin-1 gene (Matsuno et al., 1990).
Based on the observation that the SGF-3 is an octamer-—
binding protein (Hui et al., 1990) and that several
mammalian octamer—-binding proteins possess a POU domain
for specific binding (Ruvkin and Finney, 1991; Herr et
al., 1988), it has been attempted to clone the cDNA for
SGF-3 by isolating POU domain-containing cDNA from the
silk gland. The present paper reports here Lhe cDNA
cloning and characterization of a POU domain gene, PQU-M1,
The POU-M1 protein was shown to be identical with the
SGF-3 in DNA-binding and immunological studies. Northern
blot hybridization and Western blotting analyses revealed
that the POU-MI was detected specifically in the middle
si1lk gland during the fifth intermolt. The result is
consistent with the hypothesis that the POU-M1 is SGF-3,
since sericin-1 gene is expressed specifically in middle
silk gland during intermolt. It is concluded that the
POU-M1 gene encodes SGF-3 and postulated that its
developmental regulation in the silk gland is probably
involved in the transcriptional control of the silk
protein genes. For the sake of clarity, SGF-3/POU-M1 will
be used in place of the POU-MI protein in the following
discussions.

SGF-3/POU-M! belongs to a family of evolutionarily
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conserved proteins. It posesses a POU domain identical to
that of the Drosophila Cfl-a protein, a putative
transcription factor involved in the regulation of the
dopa decarboxylase gene in selected dopaminergic neurons
(Johnson and Hirsh, 1990), and closely related to those of
other POU-TIT type proteins, such as the mammalian Brn-1,
Brn-2 and Oct-6 proteins, which are likely involved in the
developmental regulation of the central nervous svstem (He
et al., 1989; Suzuki, N. et al., 1990). It has been
further discussed that POU domain genes have met the
increasing requirement for the development of newly
acquired midbrain and forebrain in vertebrate (Rosenfeld,
1991; He and Rosenfeld, 1991). It is highly probable that
SGF-3/POU-M1 might play a role in neurogenesis and that
the insect POU domain gene have met the evolutional
requirement and developmental maintenance for such highly
specialized tissue as silk gland.

Since the POU domains are involved in DNA binding, it
is likely that the recognition sequences of these
evolutionarily conserved proteins are similar.

Considering that the POU domain part of POU-MI is
identical with that of Drosophila Cfl-a, it is interesting
to compare the binding sequences of the Drosophila Cfl-a,
the Cfl region of the dopa decarboxylase gene (Johnson and
Hirsh, 1990), and the SGF-3/POU-M1 binding site, the SC
region of the sericin-1 gene (Matsuno et al., 1990). They
matches only five bases in the octamer eight bases

including TATNCA motif, where POU specific domain is
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supposed to contact, but interestingly thev matches as
much as five bases in the six base A/T rich sequences 5°’
adjacent to the octamer sequence, where PQOU homeo domain
is supposed to contact (Rosenfeld, 1991). However, no
significant matches were observed around these regions.
On the other hand it has been shown previously that,
though different POU domain proteins can bind similar
octamer—-like sequences, eaph of them recognizes distinct
high affinity sites (see Ruvkin and Finney, 1991 for a
review). A relaxed binding specificity as well as other
features like cooperative binding are probably important
for functional interaction (see Struhl, 1991 for a
review). As shown in Fig. BA, SGF-3/POU-Ml1 can also bind
to the SB region of the sericin-1 gene with a lower
affinity and the mobility shift band formed by SB
oligonucleotide and middle silk gland nuclear extract
proteins were hyper-shifted by adding the PQU~-MI1
antibodies (K. Matsuno unpublished), indicating that
multiple SGF-3/POU-M1 binding sites might be involved in
the precise control of the sericin-1 gene transcription.
Though the transcriptional function of SGF-3/P0OU-M1
has not been demonstrated, the proline-rich and
histidine-rich regions found in the N-terminal region
suggest that it might work as a transcriptional activator
like other mammalian transcrition factors possessing
similar structural features (Suzuki, N. et al., 1990;
Mermod et al., 1989; Mitchell and Tjian, 1989). Actually

on the promoter possessing multimerized SC sites in its
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upstream SGF-3/POU-M1 worked as an activator (Matsuno et
al., 1990) tissue-specifically (K. Matsuno, unpublished).
However, Western blotting and mobility shift analyses
revealed that a lower amount of SGF-3/POU~Ml exists during
the fourth molting stage when sericin—1 gene is almost
repressed. To explain this contradietion it may be
necessary to consider effects of post—-translational
modification, protein-protein interaction or difference in
concentration that affects the function of SGF-3/POU-M1
during the fourth molt/fifth intermolt. But considering
the role of SGF~3/POU-M! during the fourth molting stage
in posterior silk gland, it might have some other funection
commonly needed in this stage. As several POU domain
proteins have been shown to be DNA replication factors
(Verrijzer et al., 1990) and the maternally expressed
Qct-3/4 protein was found to be important for the first
embryonic cell division in mice (Rosner et al., 1991),
SGF~3/POU-M1 might also play an additional role in DNA
replication. This is of particular interest because
multiple rounds of DNA replication are known to take place
during the development of the silk gland (Tashiro et al.,
1968). Especially the last three rounds of replication
are initiated at the fourth molting stage and finished by
3 days of the fifth instar. The active expression of the
SGF-3/POU-M1 gene during the fourth molt in both the
posterior and middle silk glands, when silk genes are
repressed, might serve specially in this process. On the

other hand it may be considered such an amount of
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expression
gene might
initiation
expression

confer the

preceding the activation of its putative target
indicate the involvement of its product in the

of the target gene transcription. The specific
of POU-M!l gene during the fifth intermolt might

strict discrimination of expression pattern

between the posterior part and the middle part of the silk

gland. However, further biochemical and genetic analyses

are necesgsary to prove any function on the silk protein

genes and the control on DNA replication during silk gland

development.,
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Fig. 1. Schematic representaion of four first
identified POU domain proteins, Pit-1, Oct-1, Qct-2 and
Unc-86, with the approximate location of the POU specific
and POU homeodomains indicated. Two highly conserved
amino acid regions represented as FK{(V/Q)RRIKLG and
RVWFCN(R/Q)RQ, on which oligonucleotide primers were
designed and used for polymerase chain reaction (PCR),

were also shown.
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Fig. 2. The PCR products from cDNAs of the posterior
and middle silk gland of 2-day-old fifth instar larvae.
The amplified products from the posterior (lanes 2 and 3)
and middle silk gland (lanes 4 and 5) c¢DNAs were
visualized on a 2% Sea Plaque agarose gel (TAKARA SHUZO
CO.,LTD.). The bands of expected size (350-400bp)
indicated by the arrow were cut out and subjected to

sequencing analysis. Lane 1 shows a size marker, pBR322

Hinfl digests.
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Fig. 3. (A) Schematic representation of sericin-1 gene
promoter. Three cis elements, SA, SB and SC, have been
identified on the promoter (Matsuno et al., 1989).
Putative transcription factor SGF-1 is known to interact
with SA site, while SGF-3 interacts Qith SC strongly and
SB with lower affinity. (B) The nucleotide sequences of
double stranded oigonucleotides for SC, SCM, SB and SA
sites. Nucleotide sequence of Drosophila Cfl was aligned
under the SC site sequence with identical nucleotide shown
by dashes. Octamer-like regions were shaded. The mutated

nucleotides in SCM were shown in bold letters.
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- 250 J\ l TATA "
SC SB SA

AATTCAACGAGCCATGRAATAAATTAGAAATCAAT

SC

GTTGCTCGGTACTTATITTAATCITTAGTTATTAA

Cfl
SCM
AATTCCALTIACATAGAG

SB

GGTAARTGTATCTCTTAA
S A AATTTTGTATCTCATTGTTTGCACAAATGTTTG

AACGATATGTAACAAACGTGTTTACAAACTTAA




Fig. 4, Nucleotide and deduced amino acid sequences of
POU-M1. POU-specific domain and POl-homeodomain are
boxed. Except for those in the POU-domain, proline
residues are underlined and histidine residues are
circled. Proline-rich regions are marked with wavy lines.
The amino acid sequences synthesized for immunization are

shaded and named N1, HC and C1 respectively.

32




121:
81

481:
101

541
121

601
141

6G61:
161

721
181

181
201

841:
221

901 ;
211

961:
261

1021:
281

1081:
301

11418
kF3

1201:
341

1261;
1321y
1381:
14410:
1501
1561:
t621:
1681
1741
1801:

1 CCGTAGCGCACGCACGCGCATGTCGCTCGCTGTCGAATCCGGTGATGTGAGGTGGCCCCC
1 GCCGCTACCGCAGCGCACCGGGACCCCCGCGCAGTTTTCGCGAAAGAATAAGCCAGTTGA
1 AGGCTCGAGAGCCTTCGAGCCGGCAAGACGCCGTCCACCGTGGATCTGAGATACGGCGEC

IMACTCGGLAACATCGGEGGGTACCAC
N1 o6 6oy (i)

i GCGGCGTCGCCGCGTAGTGCTGAGCCTGCCGACATGAAGTACCAGCATCCGTTGCACTCG

AASPRSAEPRADMNEKY QMIE LAS

¢ GGCGGGTCGCCGTCCCCGGGGGCGCCCGTGATAGGGAACCCTTGGACGTCACTGCCACCC

G 6 8 P S5S PG A PV I GNZPEW TS5 L P P
B A  av v

H GCCGACCCCFGGFCGA1EE;CLA%%?TFALGCA(A(GLA (ATCAACCAGACGTGAAGCCT

A D P W A Q P DY K P

CUCCCGOLTCLCAGACACRCACTICAGCATHCGCLACGHCTHGLACUNCLC
PP AP (j) WL e(Da alhe WD a p

GTCGTCAGCCCGCATTACGGTGCGGCTEGCCCGTCACACTGCATGRAGGATACCCAATGT
v vs ey caarps@cHEDTQC

CCGTGCACCAACACCATATGCTCAGAGACATCCAGCCCTCGCGATCCGCTGCAT ATCAC
P CTNTTITI CS ET S S P R D EL

GCCATGGAGEGGGATCAGCCCGAGGAGGACACCCCCACGAGCGACGACCTCGAAGCATTC

AMERDOGQ®PEEDTZPTS DD L E A F
— 1

GCCAAACAGTTCAAGCAGCGCCGCATCAAGCTCGGT TTCACGCAGGCGGACGTCGGGLCTC
A K QF K QRRTIEKLGFTT™ 4 aDV G L
GCGCTCGGCACGCTCTACGGGAATGTGTTTTCACAGACGACTATCTGTCGTTTCGAAGCG
A L GT LY GNUY F S QQ@TTT T CURFE A
TTACAGCTCAGTTTTAAAAATATGTGTAAATTAAAGCCGCTGCTGCAGAAGTGGCTCGAG
L @ L S F KNMZCIEKTULI KU®PLULGQEKWTL E

POU
specific
domain

E aAaIpSTTOGS P T S 1D K1 A A QG R

AAGAGGAAGAAGCGCACCTCTATAGAGGTTTCGGTGAAAGGTGCGCTAGAGCAACACTTC
K R K KR TS I E V § V K G AL EQHF

CACAAGCAGCCGAAACCGTCCGCTCAAGAAATCACGTCGTTAGCGGACAGCCTRCAGCTG
H K P KPS A Q E I T S L a D35 L QL

E K E V¥V V R V W F C

GAGAAAGAFGFGGFbCFCG]GTGG]TLThCAACAGGAGACAGAAA&AGAA&AGGA]GACO

i p—
GAGGCGGACTCGACGACGGGCAGCCCGACCAGCATCGACAAAATAGCGGCGCAGGGTCGE

POU

homeo
domain

<«HC

CCACCGAACACGOTCGGCGECRAGATGATGGAGGECATECGGCACCTACACTACGGACAC
, ‘T L G 6& E M MEGHGOU)AQ)Y G (1)

GGALACQFGCACGGGFCCCCGCT&CAGFAClCLCLGCLGGGCClb[(CCLCCAQ
G DY G s PLQ()s PP G L S P {i)

TSRS

GCAGGGCGEC GGCAG

G

ACTAACAGTTCGCCCCGTGGLCGCCGLCG
*

CGGCCCTACTATGCGGAGCCGCACTAGCGCGECCHCCCGUGHGATACTCTCTGTACATAC
GCOCCGCCGRCCLEGRACGTGCCCGLGGLGCAGTGACCOGACGOGCCOUCGACTTTATAAA
TAGPCCGTGCOGCGAGCCCCATCCTGTGGACTT TCOAACGCTAAGTTTAAGTTIGTTCTTF
ATAATTTCAGTGAAGTCATTGATTAAATATGTGAGTAATGTTAAGATCGAAGCCAGTAAT
CGTTTGTAACCTCGGAGCCGCAGT GATCGCCGACGACGTTTAGC TAGATAGTCTAATTGA
TAAATAAGAGCTTAAATCGGAGGTGGATCCCGGCGCCGCTCACGCACCCTCGCCGLGEGE
GCCCTCGUTCCACATCGTCGTGCUGGTAAGTACGACGACACACAACACGTACACTATCGAC
ACCGAGCLGGACGCGAGCCGRACLHCGAACCGGACGUGAGLLGGACGCGACCGGEGBAGGAL
TGCGGAGUGLCAAACAGTTTTGTAAAGGACGA ATCGAATTTATTTATAGATATIAT

(%]

AAATGAACGATGTTCATGCGAGCCTACCTGCCGTALGGAGTCATTGTGGTGTGGACCG

« Cl




Fig. 5. BSeguence comparison of the POlUi-domains of POU-
M1, Cfl~-a, Pit-1, Oct~-1, Oct-2 and Qct-3. Identical amino
acid residues are indicated by dashes and dots represent a

gap in the aligned sequences.
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Fig. 6, (A) Mobility shift assay with the SC, SB and SA
oligonucleotide probes. Each probe was assayed with a
rabbit reticulocyte lysate programmed with (+) or without
(~) the POU-M1 mRNA. The arrow head shows the POQU-M1
complex. (B) Competition analysis of the POU-M1/SC
complex. The reaction mixtures were incubated with 50— or
200-fold molar excess of unlabelled SC, SCM, or SA
oligonucleotide, or without competitor (-). The larger
arrow head indicates the POU-M1/SC complex. The smaller

arrow indicates a complex probably formed with single

stranded probes.
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Fig. 7. Mobility shift assay of the POU-M1 protein and
SGF-3. The POU-M1/SC and SGF-3/5C complexes were examined
by competing with 5-, 25- and 50-fold molar excess of

unlabelled SC oligonucleotide.
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Fig. 8. A comparison of the competition kinetics
expressed as percentage activities between the POU-M1/SC

and the SGF-3/SC complexes against SC, SB and SCM

competitors. Intensity of the bands was measured by Bio

Image Analyzer (Fuji).
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Fig. 9. A comparison of the DNasel footprints by the
POU-M1 protein and SGF-3. Footprint reactions were
performed in the absence of protein (-), in the presence
of rabbit reticulocyte lysate incubated without mRNA
(Mock) or with POU-M1 mRNA (POUM1), and in the presence of
a middle silk gland extract (Extract). Vertical lines
indicate the protected regions referred to as the 5C, SB
and SA sites. Hypersensitive sites generated in common

between POUM! and Extract were indicated by arrows.
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Fig. 10. Hyper-shift assay and peptide competition
analysis to the POU-M1/SC and SGF-3/SC complexes. Two
kinds of antibodies raised against the N1 and Ci
oligopeptides, respectively, were added to the POU~-M1/SC
and SGF-3/SC complexes with or without 15 pug of competitor

peptide N1, Cl1 or HC.
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Fig. 11. Expression of the POU-Ml gene in the middle
and posterior silk gland during the fourth molting stage
and the fifth larval instar. (A) A Northern blot of
poly(A)Y RNA (5 ng) isolated from the posterior (lanes 1~
4) and the middle silk gland (lanes 5-8). Lanes: 1 and 5,
15 h after the fourth apolysis; 2 and 6, the fourth
ecdysis; 3 and 7, 24 h after the fourth ecdysis; 4 and 8,
48 h after the fourth ecdysis. They were hybridized with
the POU-M1 cDNA probe and a control probe (C). (B)
Northern blot analysis of poly(A)t RNA (5 pg) isolated
from the middle silk gland. Lanes: 1, 72 h after the
third ecd&sis; 2, the fourth ecdysis; 3, 4, 5 and 8, 2%,
48, 72 and 144 h after the fourth ecdysis. They were

hybridized as described in (A).
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Fig. 12, Mobility shift assay of the SGF-3 in the
middle or posterior silk gland of the fourth molting or
fifth intermolt and the POU-M1 synthesized in vitro.
Mobility shift assays with SC probe were performed using
extract (10 pg) of the middle (MSG) and posterior (PSG)

silk gland of the fourth molting stage (IVm) or 2-day-old

fifth intermolt (V2) or using in vitro synthesized PQU-M1.

Identity of each shift band indicated by the arrow was
confirmed by competition with 50-fold unlabeled SC

oligonucleotide and hyper—-shifting with the C1 antibody.
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Fig. 13. Western blotting with the C1 antibody against
the middle and posterior silk gland nuclear extracts of
the fourth molting stage and the fifth intermolt or Iin
vitro synthesized POU-MI1. (A) Western blotting of the
middle silk gland nuclear extract (20 ng) from 2-day-old
instar larvae (lane 1) and in vitro synthesized POU-M1 (10
ul) in rabbit reticulocyte lysate {lane 2). (B) Western
blotting of middle (lanes 1 and 2) and posterior (lanes 1
and 2) silk gland nuclear extracts (20 ug). Lanes: 1 and
3, 15 h‘after the fourth ecdysis; 2 and 4, 48 h after the

fourth ecdysis. The arrow indicates the band of SGF~3/8C

and POU~M1/ScC,
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