Endocrine Journal 1998, 45 (4), 569-573

NorTtE

Characterization of the Promoter of the Mouse Prohormone
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Abstract. Prohormone convertase 2 (PC2) is a member of a family of mammalian subtilisin-like
endoproteases that are involved in the processing of prohormones, neuropeptides and many other
precursor derived proteins. The expression of PC2 is restricted to neuroendocrine tissues such as
pancreatic islets, the pituitary and the brain. To understand the regulation of the PC2 gene, we cloned
and characterized the promoter region of the mouse PC2 gene. The transcriptional start site of the
mouse PC2 gene is identical to that of the human. There is 79% identity in the sequences of the promoter
regions between the mouse and human PC2 genes. The mouse PC2 gene, like the human, does not have
a TATA-like motif in the region just upstream of the start of the transcription. Studies with promoter-
reporter gene, chrolamphenicol acetyltransferase (CAT), constructs showed that the region from —400 to
—170 bp was necessary for high level expression of the mouse PC2 gene in the BTC-3 insulinoma cells.
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LIMITED proteolysis at pairs of basic amino acids
is characteristic of a family of subtilisin-like
endoproteases related to the yeast Kex2 gene
product [1, 2]. Several mammalian homologues of
Kex2 have been recently identified [3, 4]. One of
these, furin appears to be responsible for proprotein
processing in the constitutive secretory pathway
[5]. In contrast, prohormone convertase 2 (PC2)
and prohormone convertase 3 (PC3) are involved
in the processing of prohormones such as proinsulin
and proopiomelanocortin which are secreted
through the regulated pathway [6]. Furin is
expressed in a wide variety of tissues and cells
with high levels of expression in the liver and the
kidneys, whereas PC2 and PC3 are more
restrictedly distributed, primarily in tissues that
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synthesize and secrete peptide hormones including
the pituitary and endocrine pancreas. In order to
obtain more understanding of the factors regulating
the expression of the PC2 gene, we have isolated
and characterized the promoter region of the mouse
PC2 gene.

Materials and Methods

Isolation of the promoter region of the mouse PC2
gene

Mouse genomic DNA library (Clontech, Palo
Alto, CA) was screened by hybridization with a
fragment of the mouse PC2 cDNA predicted to
represent exon 1 based on the exon-intron
organization of the human PC2 gene [7]. The
sequence of the promoter region was determined
after cloning appropriate fragments into pGEM-
3Z (Promega, Madison, WI) with Sequenase Version
2.0 (United States Biochemical, Cleveland, OH) with



570 OHAGI et al.

either universal or specific primers.

Identification of the transcriptional start site

The transcriptional start site was localized by
primer extension analysis. The oligonucleotide (5'-
CAAATCTGTACGCTGTCCAC-3’) complementary
to nucleotides —173 to —192 relative to the
translation start site was labeled with [r-32P]ATP
using T4 polynucleotide kinase, annealed with 20
ug of the BTC-3 total RNA, and extended with avian
myeloblastosis virus reverse transcriptase. The
primer extension products were separated by
electrophoresis in a DNA sequencing gel, and a
sequencing ladder obtained with the same primer
on the appropriate template was run in adjacent
lanes to allow the start site to be previously
localized.

Localization of cis-acting regulatory sequences in the
mouse PC2 gene

A 1.8 Kb EcoRI-HindlIII fragment containing 1.6
kb of 5’-flanking region and 172 bp of the 5’'-
untranslated region of the mouse PC2 gene was
isolated and cloned into a chrolamphenicol
acetyltransferase (CAT) expression reporter vector,
PSVOOCAT [8]. A nested series of different deletion
mutants were prepared with PCR and also ligated
into pSVOOCAT. The sequence of the inserts in
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Fig.1. Structure of the promoter region of the mouse PC2

gene. A schematic representation of a mouse PC2
recombinant, AmPC2-01, was shown at the top. An
extended map of the promoter and exon 1 region
was at the bottom. Abbreviations for restriction
enzymes are: B, BamHI; H, HindIII; X, Xbal.

each construct was confirmed by DNA sequencing.
The activity of these constructs was measured in
mouse insulinoma BTC-3 cells and human
hepatoma HepG2 cells. For transfection studies,
cells were trypsinized, seeded at 1 x 10° cells/100
mm tissue culture dish and incubated overnight.
The medium was removed and the cells were
washed twice with Opti-MEM I medium (GIBCO/
BRL). Ten pug of each construct together with 50 ul
of lipofectin (GIBCO/BRL) was used. Each
transfection also included 2 pug of pSV-B-
Galactosidase (Promega) as a control for
transfection efficiency. After 24 h, the cells were
harvested, and CAT and B-galactosidase were
assayed. The CAT activity was corrected with
respect to that of B-galactosidase.

GATC

Localization of the transcriptional start site in the
mouse PC2 gene by primer extension. The primer
extended product is noted by the arrow. The
sequence ladder shown on the left was obtained
using the same primer as used for primer extension
with the appropriate template.

Fig. 2.
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Fig.3. Sequence of the promoter region of the mouse PC2 gene and comparison with corresponding region of the human
PC2 gene. The M and H denote mouse and human sequences, respectively. Numbers on the right side of the
sequences indicate nucleotide positions in relation to the transcription initiation site (*). Gaps in the alignment are
indicated by dashes. Column means identical nucleotides. Potential binding sites for transcriptional factor SP1
and consensus sequences for the putative regulatory elements (UPE, NF-kB, and CRE) are boxed. The purine-rich
regions in the mouse and human genes are shown in bold letters.

Results and Discussion

The promoter region of the mouse PC2 gene was
isolated by hybridization with the mPC2 ¢cDNA
probe corresponding to exonl of the human PC2
gene [7]. The partial sequence of the insert in
AmPC2 -01 which includes 6 kb of the promoter
region and 310 bp of the 5'-untranslated region is
shown in Fig. 1. Primer extension studies localized

the transcriptional start site to nucleotide —332 bp
relative to the start of the translation (Fig. 2).
Transcription of the mouse PC2 gene proved to
begin at the corresponding location in human PC2
sequence. The mouse PC2 promoter sequence, like
the human, was very GC-rich, showing no evidence
of TATA [9] or CAAT [10] motifs. Alignment of
the mouse and human [7] promoter sequences
showed extension regions of homology extending
for more than 500 bp upstream of the start of
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trancription (Fig. 3). The overall identity between
the two promoters was 79%.

A number of putative transcription regulatory
elements were conserved between the mouse and
the human implying that they are functionally
important. These included four putative SP1
binding sites [11], a cAMP response element (CRE)
[12], binding sites for nuclear factor kappa B (NNF-
kB) [13] and on upstream promoter element (UPE)
[14]. The UPE is a motif found in the glucokinase
gene which is also expressed in insulin-secreting
cells as the PC2 gene. There is also a purine-rich
region [15] present in the promoter region of the
mouse gene although there are differences between
the mouse and human genes in the size and the
sequence organization of this region.

A genomic fragment from —1.8 kb to +170 bp
was cloned upstream of a CAT reporter vector,
pSVOOCAT. This construct was active in the BTC-
3 cells (Fig. 4) which express PC2 mRNA. The
activity of this construct in HepG2 cell which do
not express PC2 mRNA was as low as 11.5%-20%
of that observed in BTC-3 cells. Analyses of a series
of nested deletions showed that the region from —
400 to —170 bp contained sequences required for
high level expression of the mouse PC2 gene in
BTC-3 cells.

In conclusion, we have characterized the
promoter region of the mouse PC2 gene and shown
that this sequence shares regions of identity with
the human PC2 promoter described previously [7].
These conserved regions may be of functional
importance in the control of PC2 gene expression.
From the result of the CAT assay, the region from
—400 to —170 was seen to be indispensable for
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Fig.4. Structure of CAT reporter gene constructs and their

relative CAT activities in the B-TC3 cells. The
relative CAT activity is measured as the ratio of the
value of each construct to that of the largest
construct (—1.8 kb to +170 bp ) and expressed as the
mean (+SD) percentage. The results presented are
the average from at least three independent
experiments performed in duplicate. Error bars
show S.D. —1.8KR; —1.8K in the reverse
orientation.

the expression of the mouse PC2 gene. Further
studies are required to identify the factors that
regulate the expression of the PC2 gene.
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