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Transcriptional Regulation of the POU-ML/SGF-3

Gene Involved in the Expression of Bombyx Silk
Genes
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Suzuki and his colleagues have been studying the regulation of silk protein
gene expression in Bombyx mori (for a review, see Suzuki, 1990). The sericin-1
gene is expressed exclusively in the middle silk gland (MSG) while the fibroin
gene is specific to the posterior silk gland (PSG). Both genes are actively
expressed during the intermolts but repressed during the molting stages. Several
silk gland factors (SGF-1 to -4) involved in controlling the silk genes have been
identified (Matsuno et al., 1989; 1990; Hui et al., 1992). Among them, the SGF-
3 has been proposed to be an important factor for the regulation of silk genes
(Matsuno et al., 1990; Hui et al., 1992). It is present abundantly in the MSG and
binds to the SC region, a key element for the sericin-1 gene transcription. The
SGF-3 also binds to the distal upstream region of the fibroin gene. Since the SC
and fibroin distal upstream region contain octamer-like sequences, it has been
proposed that SGF-3 is an octamer-binding protein (Hui et al., 1992). Based on
this assumption, a POU-domain-containing cDNA, POU-M1 has been cloned
(Fukuta et al., 1993). Its POU-domain part is identical with that of Drosophila
Cf1-a protein (Ingham, 1988). The POU-M1 protein was shown to be identical
with the SGF-3 (Fukuta et al., 1993). The POU-M1 transcript and protein are
subject to dramatic change during silk gland development. The transcript was
observed at a high concentration in the fourth molting stage and became lower in
the fifth larval instar in the MSG. In the PSG, the transcript was only detected in
the fourth molting stage (Fukuta et al., 1993). By Western blotting, the POU-
M1 protein is estimated to have molecular weight of about 38KD and exists at a
low concentration in the fourth molting stage and becomes higher in the 2-day-
old fifth instar larvae in the MSG. In the PSG, the protein was only detected in
the fourth molting stage (Fukuta et al., 1993). This pattern suggests that the
POU-M1/SGF-3 gene expression is temporally programmed and spatially
restricted.

The highly conserved POU domain was initially recognized after the
simultaneous cloning of three mammalian transcription factors and a
Caenorhabditis elegans developmental regulator. Many additional POU-domain
proteins have been identified subsequently and they are expressed in distinct
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temporal and spatial patterns during development (for a review, see Rosenfeld,
1991). POU-domain transcription factors appear to exert critical functions in
proliferation of specific cell types, as well as in the activation of specific
programs of gene expression that define specific cell phenotypes within an organ
(Finney and Ruvkin, 1990; Li et al., 1990). Several POU-domain regulators
appear in early embryogenesis and are important in the early developmental
regulation of gene transcription (He et al., 1989; Okamoto et al., 1990; Rosner et
al., 1990; Scholer et al., 1990a; Monuki et al., 1990; Suzuki et al., 1990). Since
the POU domain exerts critical developmental actions, it is very important to
study the roles of the POU domain in regulating organogenesis. POU-domain
proteins have been described to exert either positive or nagetive transcriptional
effects by binding to recognition elements as monomers or as homodimers
formed as a consequence of DNA-dependent cooperative interactions (LeBowitz
- et al., 1989; Poellinger et al., 1989; Ingraham et al., 1990). On the basis of
precendents in Drosophila for other classes of developmental regulators (Akam,
1987; Scott et al., 1989), it is also important to understand the mechanisms that
mediate the regulated expression of POU-domain genes. Analysis of
mammalian Oct-3/4, Tst-1/SCIP/Oct-6 and pit-1 genes suggested that the
molecular mechanisms of activation and maturation of POU-domain proteins are
likely to involve the actions of numerous other classes of transcriptional
regulators (Jones-Villeneuve et al., 1983; Strickland and Mahdavi, 1988; Chan
et al., 1990; McCormick et al., 1990).

As a first step toward understanding the molecular basis of the regulatory
hierarchy during silk gland development and probing the mechanisms of
transcriptional regulation in generating the control patterns of POU-M1/SGF-3
gene expression, Xu has analyzed the expression of the POU-M1/SGF-3
promoter in vitro. In this work, Xu has cloned the POU-M1/SGF-3 genomic
DNA fragment encompassing the whole coding region and its flanking
sequences. This gene does not contain any intron. The 5'-flanking region of the
gene contains several interesting motifs, such as homeodomain-binding motifs,
sequences resembling the transcriptional factor Spl-binding site, and TGTTT
motifs, but lacks some of typical transcriptional regulatory sequences, such as
TATA and CAAT boxes. Transcriptional analysis of a series of deletion
mutants of the gene in the nuclear extracts prepared from the MSG of 2-day-old
fifth instar larvae revealed the presence of multiple cis-regulatory elements
located both upstream and downstream of the start site. One of these elements,
the homeodomain-binding elements, was identified to mediate negative
regulation. By mobility shift assay using the POU-M1 specific antibodies, Xu
found that this negative element interacts with the POU-M1/SGF-3.




Transcription analysis in vitro using one of the POU-M1 antibodies indicated
that POU-M1/SGF-3 can negatively autoregulate its own gene expression as a
consequence of binding to the homeodomain-binding element.
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