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Two regulatory proteins that bind to the basic
transcription element (BTE), a GC box sequence in the
promoter region of the rat P-4501A1 gene
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The cDNAs for two DNA binding proteins of BTE, a GC
box sequence in the promoter region of the
P4501A1(CYPlAl) gene, have been isolated from a rat
liver cDNA library by using the BTE sequence as a
binding probe. While one is for the rat equivalent to
human Spl, the other encodes a primary structure of 244
amino acids, a novel DNA binding protein designated
BTEB. Both proteins contain a zinc finger domain of Cys-
Cys/His-His motif that is repeated three times with
sequence similarity of 72% to each other, otherwise they
share little or no similarity. The function of BTEB was
analysed by transfection of plasmids expressing BTEB
and/or Spl with appropriate reporter plasmids into a
monkey cell line CV-1 and compared with Spl. BTEB
and Spl activated the expression of genes with repeated
GC box sequences in promoters such as the simian virus
40 early promoter and the human immunodeficiency
virus-i long terminal repeat promoter. In contrast, BTEB
repressed the activity of a promoter containing BTE, a
single GC box of the CYPlAl gene that is stimulated by
Spl. When the BTE sequence was repeated five times,
however, BTEB turned out to be an activator of the
promoter. RNA blot analysis showed that mRNAs for
BTEB and Spl were expressed in all tissues tested, but
their concentrations varied independently in tissues. The
former mRNA was rich in the brain, kidney, lung and
testis, while the latter was relatively abundant in the
thymus and spleen. These results suggest that BTEB and
Spl, which recognize the same DNA sequence, exert
different effects on the transcription of the genes with
different number and arrangement of GC box sequences
in the promoter region.
Key words: cytochrome P450/GC box/Spl/transcription
factor

Introduction
Transcription is a major regulatory point in gene expression
and its frequency depends largely on interaction of the
regulatory proteins with the cognate DNA elements in gene

promoters (for review, see Mitchell and Tjian, 1989).
Analysis of promoters in a variety of genes has identified
a number of distinct DNA elements required for gene
expression. A GC box sequence, one of the most common
regulatory DNA elements of eukaryotic genes, is recognized
by the Spl transcription factor; its consensus sequence is
represented as 5'-G/T G/A GGCG G/T GIA GIA C/T-3'
(Briggs et al., 1986). Arrangement of the GC box sequence
in the promoter region varies in number and spatial array
among genes. Several genes, including adenovirus Elb
(Schmidt et al., 1989) and the transcription factor NFI
(Ammendola et al., 1990), contain a single GC box just
upstream of the TATA box, while simian virus 40 (SV40)
early promoter (Briggs et al., 1986) and human
immunodeficiency virus-I long terminal repeat (HIV-1 LTR)
(Jones et al., 1986) contain six and three tandem repeats of
the GC box sequence, respectively, just upstream of the
TATA box. Multiple GC box sequences are often found
within a few hundred base pairs upstream of the transcription
start site(s) in promoters of some cell growth-related genes
such as genes for H-ras (Ishii et al., 1986), c-myb (Dvorck
et al., 1989) and insulin receptor (Araki et al., 1991), and
genes encoding housekeeping enzymes such as
3-hydroxy-3-methylglutaryl CoA reductase (Reynolds et al.,
1984), hypoxanthine phosphoribosyl transferase (Kim et al.
1986) and dihydrofolate reductase (Swick et al., 1989). This
type of promoter often lacks the TATA box sequence.
Although all the above-mentioned gene promoters are
considered to be activated by SpI, some GC box sequences
could be targets for factors other than SpI (Kageyama et al.,
1988; Chavrier et al., 1990; Huang et al., 1990).
We have been studying the mechanisms of gene regulation

of cytochrome P4501A1 (CYPlA1), a drug-metabolizing
P450 whose expression is induced by polycyclic aromatic
hydrocarbons such as 3-methylcholanthrene and TCDD
(Kawajiri et al., 1984). Using chimeric genes consisting of
the 5'-flanking sequence of the CYPlAl gene and CAT
structural gene, we found an inducible enhancer element,
xenobiotic responsive element (XRE), which is essential for
the inducible expression of the gene (Fujisawa-Sehara et al.,
1987) and another element, basic transcriptional element
(BTE), which is necessary for the constitutive expression
of the gene (Yanagida et al., 1990). The BTE sequence of

- 20 bp contains a GC box. Here we cloned two cDNAs
for proteins that bind to BTE. One is for SpI and the other
encodes a novel DNA binding factor (designated BTEB or
basic transcription element binding protein). Transient
transfection analysis indicates that while BTEB, as well as

SpI, is a transcription factor that stimulates promoters with
repeated GC boxes, the promoter of CYPlAl gene, which
has a single GC box sequence, is activated by Spl but
repressed by BTEB.
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TTGGGGCAGACTAGCAGCAGCAATACCACCCTTACACCCATTGCCTCAGCTGCCTCCATTCCTGCTGGCACAGTCACTGTGAATGCTGCT 1620
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AGTGAGGGGAGGGGCTCTGGAGATCCTGGCAAAAAGAAACAGCACATTTGTCATATCCAAGGATGCGGCAAAGTATATGGCAAAACCTCA 1980
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CTTGCCAACAGTGGCATCAACGTCATGCAGTGACAGAGC-TGCAGTCCATTAATATCAGTGGCAATGGTTTC-TGAGATTAGACGCCAGG 2430
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Results
cDNA cloning of BTE binding factors
A rat liver cDNA library was constructed in the Xgtl 1
expression vector. About 1.2 x 106 plaques were screened
with 32P-labelled BTE as a probe to isolate two positive
clones, XBP20 and XBP26. Sequence analysis of the cloned
cDNAs suggested that XBP20 is a cDNA clone equivalent
to human Spl, and XBP26 is a novel protein binding to BTE.
To obtain cDNAs that encode the remaining two-thirds of
the N-terminal portion of rat Spl, we constructed another
cDNA library by the primer extension method using a primer
that was complementary to a 5' part of XBP20 and screened
it. An extended cDNA clone, XBP20-2, which covered the
remaining sequence, was obtained (Figure 1).
To examine whether a protein encoded by XBP26

specifically binds to the BTE sequence, cDNA of XBP26
was inserted into an expression vector with the T7 promoter
to express the binding protein in Escherichia coli (Studier
and Moffatt, 1986). The extracts were prepared from the
bacteria and subjected to gel mobility shift assay and DNase
I footprint analysis using a DNA fragment containing the
BTE sequence. When extracts prepared from bacteria
expressing a protein from XBP26 cDNA were incubated with
the 32P-labelled BTE and resolved by gel electrophoresis,
one shifted band was observed, while extracts from bacteria
harbouring the vector without cDNA gave no shifted bands

(Figure 2A). The shifted band must be due to specific
interaction of the DNA binding protein with the BTE
sequence, since a 60-fold molar excess of the non-labelled
BTE competed efficiently with the labelled BTE for the
formation of the shifted band, whereas the mutated BTE had
essentially no effect (Figure 2A). When a 600- or 2000-fold
molar excess of competitors was included, a very fast shifted
band occasionally appeared (Figure 2A). We do not know
the nature of this band, which was not reproducibly
observed. DNase I footprint analysis using a promoter region
sequence (-166 to +42 bp relative to the transcription start
site) of the CYPlAl gene showed that bacterial extracts of
the DNA binding protein protected a sequence from -43
to -66 bp, containing the BTE sequence that was identical
to that given by nuclear extracts from Hepa-1 cells
(Figure 2B). These DNA binding analyses indicated that
cDNA of XBP26 encodes a protein factor that specifically
binds the BTE sequence and we tentatively name this factor
BTEB or BTE binding factor. Bacterially expressed SpI also
showed the same protected pattern as the nuclear extracts
of Hepa-1 and the BTEB protein in the DNase I footprint
analysis (data not shown). In a previous paper (Yanagida
et al., 1990), we reported that an oligonucleotide of the GC
box (10 bp) did not compete with the BTE sequence for
binding to BTE-binding proteins in the nuclear extract of
the cultured cells. This non-competition was presumably due

4.1.

Fig. 2. Binding specificity of bacterially synthesized BTEB protein. (A) Gel shift assay. Extracts from bacteria not harbouring (lane C), or
harbouring (other lanes) plasmids of XBP26 cDNA were incubated with [32P]BTE in the presence of a 0- to 2000-fold molar excess of cold BTE or
mutated BTE (Yanagida et al., 1990). An arrow head indicates the shifted band. (B) DNase I footprint analysis. The bacterial extracts containing
(lanes 4, 5 and 6) or not containing (lanes 1, 2 and 3) XBp26 cDNA product, or nuclear extracts from Hepa-I cells (lanes 7, 8 and 9) were
incubated with a DNA fragment of the P-4501A1 gene promoter and were treated with 0.6 (lanes 1, 4 and 7), 0.2 (lanes 2, 5 and 8) or 0.06 U
(lanes 3, 6 and 9) of DNase I. The protected region is indicated by arrows and nucleotide positions of the P-450IA1 gene relative to the RNA start
site (Sogawa et al., 1984). G + A and C + T, sequence ladders of chemical cleavages of the DNA fragments by the method of Maxam and Gilbert
(Maxam and Gilbert, 1977).

Fig. 1. Nucleotide and amino acid sequences of rat Spl cDNA. (A) Restriction cleavage map of Spl cDNA. E, EcoRI; S, Sacl; B, BamHI.
(B) Amino acids are represented by single letter symbols. Rat Spl amino acid sequence is compared with the 696 C-terminal amino acids of human
Spl (Kadonaga et al., 1987). Only the amino acids of the human Spl that do not match the sequence of rat Spi are shown below the rat sequence.
The N-terminus of the published human Spl is indicated by an arrow. An oligonucleotide sequence whose complementary sequence was used for a
primer-extended cDNA library is underlined.

3665



B

A B

T B P

XBP26 (E)T B P S B (E)
XBP26-3' (E) T B P S B

).BP26-5'-1 (E) PT T (E)
XBP26-5'-2 (E) P(E)

L--U

0.2kb

(E)

GCGGCCGTCGGCGGACGCGGGAAGAAGTGTCTTGTAGGCGCGGCGCCCCACTCAGCCCCGGCCCCCCTCATCCGC
GTACTCGGCTGATGCCTCAGGGCGTCAGCTCGGCGGAGAGGCGGTCGAGGCGTGCGCCTGGCTAGCAGTTGGCTT

TCAGGAGGAGGGCGCGCCCATCGTGGGATCGCGCGGGGCGCCCGGCAGGGCGGCGGCGACAGCGGCAGAGCCGGC
CGCGGCTGCTGCGTGCGGAGGCGCTGCCGGTTACGTAAAGATGAGGGGCTGAGGTCGCCTCGGCGCTCCCGCGAG
TCGCAAGCTCCCGCGCCCCCGCCCCCTCGGCCGCGCCGCACCGCGCTCGTCGTCCGAGACCAGGGCAGGGCTAGC
CGAAGCTCCGCAGCCACCCTCAAGTTTGGCCGCACCGCCCGGGCTGCCGTCICCCiCACCATGTCCGCGGCCGCC

MetSerAlaAlaAla

TyrMetAspPheValAlaAlaGlnCysLeuValSerIleSerAsnArgAlaAlaValProGluHisGlyGlyAla

CCGGACGCCGAGCGACTGCGACTACCTGAGCGCGAGGTGACCAAGGAACACGGTGACCCGGGGGACACCTGGAAG
ProAspAlaGluArgLeuArgLeuProGluArgGluValThrLysGluHisGlyAspProGlyAspThrTrpLys

GATTATTGCA5CACTQTCA T9AAGAGCTTGTTGGACCTGAACAAATACCGACCCATCCAGACCCCCTCG
AspThrCysThrLeuValThrIleAlaLysSerLeuLeuAspLeuAsnLysTyrArgProIleGlnThrProSer

GTG>l'TGCAGCGHAC;AGtTCTGGAGjAG';TCCGATrGAGGATrATrAGGATCCUGACGCGACGTGACCACCGAATCTGGTCG
ValCysSerAsoSerLeuGluSerProAsRGluAspI1eGlySerAspSerAspValThrThrGluSerGlySer

AGTCCTTCCCACAGCCCGGAGGAGAGACAGGATTCTGGCAGCGCGCCCAGCCCGCTCTCCCTCCTCCACTCTGGA
SerProSerHisSerProGluGluArgGlnAspSerGlySerAlaProSerProLeuSerLeuLeuHisSerGly

GTGGCTTCGAAGGGGAAACACGCCTCCGAAAAGAGGCACAAGTGCCCCTACAGTGGCTGTGGGAAAGTCTATGGA
ValAlaSerLysGlyLysHisAlaSerGluLysArgHisLysCysProTyrSerGlyCysGlyLysValTyrGly

LeuLysLysPheSerArgSerAspGluLeuThrArgHisTyrArgThrHisThrGlyGluLysGlnPheArgCys

CCGCTGTGTGAGAAGAGATTCATGAGGAGTGACCACCTCACCAAGCATGCCCGGCGCCACACCGAGTTCCACCCC
ProLeuCysGluLysArgPheMetArgSerAspHisLeuThrLysHisAlaArgArgHisThrGluPheHisPro

AGCATGATCAAGAGATCAAAAAAGGCTCTTGCCAGCCCCTTGTGAGGTGCTCCCCATATGGCAACCAGGCAGAGA
SerMetIleLysArgSerLysLysAlaLeuAlaSerProLeu***

TGGTCCCGGAAGGACAGAGCTCCCAGGAAACAGACGGACACATGGAAATCTGCCACCGCAGAGTTGTGCTGGCCA
CAGGAGGTCACTGCTCTTTGGTCAATATTCTGACACTCTCCCTGCGCTGTTTCCAAAAAGCACACGGTAGCCTAA
GATCAAAGTCAACATTTGGTCCCCTTGCAGAGGCCACTCTGAACCGTCTCTGACTGTTGGAGGGCAGGCAA&AT
ATGCTTTTGGTATTTTCTCCTTTGTTTTGGGGGGTGGGGGGAGGGGGCAAGGCCAAGACTTGGGGTAGGATTTTT
GAAGATTCAGGCTGGTGTACATACGTCTGACTGGGTGAGTTGACCCCTGGCCTCCCACAGTGACTCTGGATCCTT
GATGCTTGCTGACTCTCAGAATTGTTTTTCTTCTCTCTCAATGTCACGACCAGAGTGCTTCAGCTTGTTTAGCAG
AGCCACTCTCGAATCACGTTAACTTTTGAGATTTAAAAAACAAAACAAAAAAAA CCCCTC
CATAGCACAGCTGTCTTTTATGCAAGCAAGAGCACACCTACTCCAGCATGATCTGTCATCTAAGGACTTCAAAAC
AAAACAAAACAAAAAAAAAAGTTACTTATAGTCAGTGGATAAGCAGAGTCCGAATTTACACTAAACAAGACAGAC
CTTCGAGGGGTCATAAGTCCGGAACTTTCAAACCTTGCTTCGTATGAATCGTACTATCTGAACATAAACTGCACT
TTTATTTTCTAATACCGAGGGTGAATACGGTAAATCCATGCCTTGAGGGTAGAAGCCGACATTCTGTTTGGCACA
CGTTATTATCTGCTTATTTTCCAGGATACACATTTCCCTGAGAACCCACGGCAGAGATGTGAGGGCAGAATGTAT
GGAAACACATGCTGAGGAGGGGAAGGAGGAGGGGAGTGCTTTAAAGATACAAA_AAAAAAAAAAAAAGA
GCAAACAATTTTAACTTCATGAATTTGTTTGAATTTTCCCAAGCTTCAGATAACAACGCCACTCACGGGACTAGG
ACGCTGCAAGAGCATTGGGCTCTGTGTAGCATTAGCTGATAAATGGGTGTATAGCCATCACCAGACCTGGAAATG
CCCCCTTTTGGTGGGGGTGGGGGTGTTTCTTGGTCTCTCTTTCGTTCCTATGAAATTTCCACTAAGAGGTGCAAG
AGTTATATCAAAGGAAAGGGAACTGAAATATGG AAAAGTTTGCCCCTGTAAGTAGTCTCTAGGGAAGGA
AGATGCCACAATGGTTTCAGAGGCGACTCTGCAGAACAGTCCCTTCTGCTGAACATAGGTCAGAGAAACACTCGT
GAATGGCATCACATCGCCAACTGTCTGCATCATGGCCCACCACTACTTAGCTTGTATCTCGGTGTCTACACAATG
GCCTGAACCACTGGTCACCAT
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Fig. 3. Nucleotide sequence and deduced primary structure of rat BTEB cDNA. (A) Restiction cleavage map of BTEB cDNA. E, EcoRI; S, Sac;
B, BamHI; P, PmaCl; T, EcoTI4I. The box represents the ORF. (B) The acidic region mentioned in the text is underlined. Serine residues that are

possible targets of casein kinase II (Edelman et al., 1987) are doubly underlined. In-frame stop codons in the 5'-UTR as to the open reading frame
and AATAAA, a possible polyadenylation signal in the 3'-UTR are underlined. An arrow indicates the 5' end of a truncated BTEB cDNA used for
expression in CV-1 and SL2. Nucleotides whose complementary sequences were used for the primer extension of cDNA are indicated by a dotted
line.

to the fact that the GC box used as the competitor was too
short for competition.

Since the BTEB cDNA (1.2 kb) was shorter than the
BTEB mRNA (-5 kb) as judged by RNA blot analysis
(Figure 4), we extended the BTEB cDNA in the 5' and 3'
directions. For extension to the 5' end, we performed several
cycles of screening of primer-extended cDNA libraries with
appropriate DNA fragments as a probe to isolate several
3666

cDNA clones (Figure 3). Altogether, these cloned cDNA
covered a 2.6 kb sequence, which is still not long enough
for the entire length of the mRNA.

Structure of rat BTEB and Spl
Two cDNA clones of XBP20 and 20-2 in combination
encoded a primary structure of 788 amino acids that is highly
similar (98%) to that of human Spl previously reported

H.Imataka et al.
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Fig. 4. Northern blot analysis of BTEB and Spl. Total RNA (20 l4g)
obtained from indicated organs of rats were fractionated and
transferred to a nitrocellulose filter. The filter was hybridized with a

BTEB- (A) or Spl-specific (B) probe. The same filter was

rehybridized with a 3-actin probe. The positions of 18S and 28S
RNAs are indicated.

(Figure 1) (Kadonaga et al., 1987). Different amino acids
(22/788) between the two sequences appear to be clustered
in several parts.
The 2.6 kb cDNA of BTEB has an open reading frame

(ORF) that encodes a polypeptide of 244 amino acids flanked
by a long (>500 bp) stretch of GC-rich (73%)
5'-untranslated region (UTR) and (> 1.4 kb) 3'-UTR. The
nucleotide sequence surrounding the putative initiator
methionine codon (GCACCATGT) matches fairly well the
consensus sequence for a eukaryotic translation start site
(CCA/GCCATGG) (Kozak, 1984). From the deduced
primary structure, BTEB was found to possess a three-times
repeated zinc finger domain with a Cys-Cys/His-His motif.
This feature is shared by Spl; sequence similarity between
the zinc finger domains of the two transcription factors is
72% (58/81 amino acids) at the amino acid level. A survey
of amino acid sequences in the EMBO protein database
shows that no equivalent protein with sufficient similarity
to BTEB has been reported except for the zinc finger
domains. Therefore, BTEB is considered to be a novel DNA
binding protein.

Expression of BTEB and Spl mRNA
Expression of rat BTEB and Spl in various tissues was

examined by RNA blot analysis. Both BTEB and Spl
mRNAs were detectable in all the organs examined,
suggesting that these two transcription factors have
fundamental roles in cells (Figure 4). BTEB mRNA was
most abundant in the kidney, lung, brain and testis. The main
transcript for BTEB was a 5 kb mRNA in all organs
examined except for the testis where a shorter transcript (2
kb) was dominant. This short mRNA was probably due to
alternative usage of the polyadenylation signal at nucleotide
position 1400 (Figure 3), since probes 3' downstream of this
signal did not hybridize with the testicular shorter mRNA
(data not shown). Spl mRNA was 8.3 and 5.2 kb in all
the tissues examined and was most abundant in the thymus
and spleen. The concentrations of the two mRNAs were

apparently different from each other in some tissues.

Functional analysis of BTEB and Sp 1
To explore the function of BTEB and compare it with that
of Sp I, we constructed the expression vectors (pRSVBTEB
and pRSVSpl) of BTEB and Spl. This was achieved by
inserting each of the cDNAs under the RSV promoter in

the plasmid pRSV(Xho) and transfecting them with a reporter
plasmid, pSV/MC53, in which a promoter region of the
CYPlAl gene had been inserted between the SV40 enhancer
and the CAT gene (Yanagida et al., 1990; Figure 5). This
reporter gene contains a single GC box sequence derived
from BTE just upstream of the TATA box. While
cotransfection with pRSVSpl enhanced the expression of
CAT activity from the reporter gene, the plasmid expressing
BTEB repressed the expression of CAT activity, which was
probably driven by endogenous Spl acting on the BTE.
When the two plasmids, pRSVSpl and pRSVBTEB, were
simultaneously transfected into CV-1 cells with the reporter
gene, the Spl-stimulated CAT activity was also repressed
to some extent by cotransfection with pRSVBTEB
(Figure 5). The binding affinity of BTEB protein for the BTE
sequence was found to be almost equal to that of SpI
(Sogawa,K., Imataka,H. and Fujii-Kuriyama,Y., unpub-
lished observation), suggesting that BTEB competed
with Spl existing endogenously or expressed from the
transfected pRSVSpl for the BTE sequence, resulting in the
apparent repression of the CAT expression. It has been
reported that a yeast transcription factor, GALA, required
reiteration ofGALA binding sites for prominent transcription
enhancer activity (Carey et al., 1990). This observation led
us to construct pSV/MC53 + 4GC, which contains five
repeats of the BTE-derived GC box (5'-GAGGCGTGGC-3')
in the promoter (Figure SA), and test it for responsiveness
to BTEB. As shown in Figure SC, BTEB elevated CAT
activity from this promoter. The effects ofBTEB on natural
promoters containing repeated GC boxes such as SV40 early
promoter (pSV2CAT) and HIV-I-LTR(pHIV-CAT) were
then examined. Figure 6 shows that BTEB, as well as SpI,
was able to stimulate the expression of the CAT activity
driven by the multiple GC box sequences. RNase protection
assay using an antisense RNA probe to a 5'-untranslated
region of HIV-l-LTR confirmed that the mRNA content was
changed in parallel with the CAT activity (data not shown).
Taken together with the results of a gel mobility shift assay,
in which the SV40 early promoter and HIV-1-LTR promoter
specifically bound the bacterially expressed BTEB (data not
shown), these results suggest that BTEB serves as a
transcriptional activator through the reiterated GC box
sequences. It was quite difficult to find an appropriate control
expression vector for normalization of transfection efficiency
and we did not use an internal control. Many promoters that
are employed to express indicator proteins have GC boxes
and could be thereby influenced by expressed Spl and
BTEB. Even the Rous sarcoma virus promoter, which has
no GC box, has been shown to be activated by Spl (Swick
et al., 1989) and by BTEB (Imataka,H., Sogawa,K. and
Fujii-Kuriyama,Y., unpublished data). Instead we repeated
transfection experiments with different batches of plasmid
DNAs to confirm the reproducibility of the experiments.

Discussion
Two regulatory proteins binding to a GC-box
sequence, BTE, and their structural features
We have cloned two cDNAs encoding regulatory proteins
binding to the BTE sequence in the promoter region of the
rat CYPlAI gene that contains a GC box consensus
sequence. Sequence analysis of the cloned cDNAs revealed
that one of these cDNAs encodes a primary structure of 788
amino acids, which from its close sequence similarity (98%)
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Fig. 5. Effects of BTEB and Spl on the expression of CAT activity driven by promoters with a single or repeated GC box sequence. (A) Schematic
representations of the effectors, pRSVBTEB and pRSVSpl and of reporters, pSV/MC53 and pSV/MC53 + 4GC. 8 Ag of pSV/MC53 (B) and

pSV/MC53 + 4GC (C) were cotransfected into CV-1 with indicated amounts of pRSVSpl and/or pRSVBTEB in a total amount of DNA (18 jig)
adjusted with pRSV(Xho). The CAT activity of extracts from cells transfected with the reporter and pRSV(Xho) was arbitrarily assigned a value of
1.0. Other CAT activities were normalized accordingly. Each column and bar represents the mean and standard deviation of three transfection
experiments.

to human SpI, is considered to be a rat transcription factor;
the other encodes a protein of 244 amino acids, a novel DNA
binding protein. Recently, cDNA for human BTEB has been
isolated in our laboratory and its deduced amino acid
sequence showed remarkable homology with the rat
counterpart protein (98% amino acid identity). Therefore,
BTEB may be functionally important. These two proteins
have three consecutive zinc finger domains with Cys-
Cys/His-His motifs. Figure 7 compares the amino acid
sequences of the zinc finger domains of rat BTEB, rat Spl,
mouse Krox2O (Chavrier et al., 1988) and mouse Krox24
(Lemaire et al., 1988). Krox2O and Krox24 are serum-

inducible transcriptional activators that have three
consecutive zinc finger motifs and are known to recognize
GC-rich regulatory sequences that are similar to, but distinct
from, the target sequence of SpI (Chavrier et al., 1990;
Lemaire et al., 1990).
Sequence similarity (72%) in the zinc finger domains

betweer BTEB and SpI is much higher than that in any of
the compared pairs, except for the pair of Krox2O and
Krox24. From site-directed mutagenesis studies, Nardelli
et al. (1990) suggested that the amino acids in the zinc finger
domains are responsible for the recognition of the varied
nucleotides between target sequences of Spl and Krox2O.
Interestingly, these amino acids are conserved between
BTEB and Spl, in agreement with recent findings that no

notable difference has been found between the apparent
affinities of BTEB and Spl for various GC box sequences

(Sogawa,K., Imataka,H. and Fujii-Kuriyama,Y., unpub-
lished observation).
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As described, SpI is highly conserved for such a large
molecule, suggesting that Spl plays an important role in
interacting with other transcription factors. Two glutamine-
rich domains and serine/threonine domains are important to
the structure of SpI and it has been proved that the former
function as an activator domain (Courey and Tjian, 1988).
In contrast, BTEB is a small molecule with no glutamine-
rich region. Instead, it has an acidic region from position
84 to 116 N-terminal of the zinc finger domains where
aspartic acid and glutamic acid account for 28% (11/39) of
the total amino acids, giving a net charge of -10 in this
region. Several transcriptional activators, including the yeast
factor GAL4, are equipped with acidic domains as an effector
(Mitchell and Tjian, 1989). Serine residues at the 88 and
110 positions are possible targets for casein kinase II

(Edelman et al., 1987).

BTEB is functionally distinct from Sp 1
BTEB seems to require tandem repeats of GC boxes for
promoter activation, while SpI can actvate transcription from
a promoter with a single GC box. Constitutive transcription
from the CYPlAI gene with a single GC box sequence in
the promoter is shown to be activated by SpI, but repressed
by BTEB. These functional differences between the two
factors may stem partly from differences between the
activation domains as discussed above. It should be noted
that GAL4, which has acidic domains, also requires
reiteration of GAL4 target elements for its transcriptional
enhancer activity (Carey et al., 1990), apparently similar
to the case with BTEB. It has been suggested that different

pSV/MC53

I CAT I

(C)

Spl BTEB

I CAT I
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Fig. 6. Effects of BTEB and Spl on the expression of CAT activity driven by SV40 early and HIV-I-LTR promoters. (A) Schematic representations
of pSV2CAT and pHIV-CAT. (B) Analysis of expressed CAT activities. 3 ug of pSV2CAT or pHIV-CAT were cotransfected into CV-1 with the
indicated amounts of pRSVSpl or pRSVBTEB in a total of 18 yg of DNA adjusted with pRSV(Xho).
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Fig. 7. Comparison of amino acid sequences of zinc finger domains of BTEB, Spl, Krox2O and Krox24. Asterisks indicate cysteine and histidine
residues that possibly coordinate zinc. Aindicates amino acids that are considered to be important for DNA recognition (Nardelli et al., 1991). Amino
acids of BTEB that are shared by any of the other protein sequences are blocked.

activation domains of transcription factors interact with
different adaptors or coactivators that mediate between the
transcriptional regulator and general transcriptional
machinary including TFIID, RNA polymerase H and others
(Martin et al., 1990; Pugh and Tjian, 1990; Lin and Green,
1991). In vitro transcription using purified BTEB will clarify
the mechanism by which BTEB functions.

Expression of BTEB and its significance
BTEB expression could activate expression of genes with
repeated GC boxes. Insulin receptor (Araki et al., 1991) and
H-ras genes (Ishii et al., 1986) have multiple GC boxes,
some of which are tandemly arranged. It is intriguing to test
whether these genes, and other housekeeping genes that
contain multiple GC boxes, respond to BTEB. On the other
hand, BTEB expression could repress Spl-supported
transcription from promoters with a single GC box sequence
such as the CYPlAI gene promoter. BTEB and Spl in
combination would create a variety of cellular states by
selectively activating or repressing the expression of genes
with various numbers of the GC box sequence in the

promoter. BTEB and Spl mRNAs were detectable in all
organs examined. However, the abundance of BTEB and
Sp 1 mRNAs seems to vary independently among various
organs. It remains to be seen whether and how these
variations in the expression of the two mRNAs are related
to the cellular states. It could be speculated that BTEB
expression is under post-transcriptional control, since BTEB
mRNA has a long stretch of GC-rich 5'-UTR. A number
of genes that are involved in cell growth control have a long
GC-rich 5'-UTR (Kozak, 1989). In some genes, including
the ornithine decarboxylase (Manzella and Blackshear, 1990)
and PDGF genes (Rao et al., 1988), secondary structure
formed in the 5'-UTR of the mRNAs seems to inhibit
translation. It will also be interesting to investigate whether
the mRNA of BTEB is always translated into protein or
whether it is subject to translational control.

Materials and methods
Cloning of cDNAs
Total RNA was isolated from rat liver by the guanidium thiocyanate treatment
followed by centrifugation in caesium chloride solution, and poly(A)+ RNA
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was obtained by passing the total RNA through an oligo(dT) cellulose column
(Maniatis et al., 1982). cDNA synthesis and subsequent insertion of the
cDNA into the Xgt 11 vector were performed using commercial kits
(Amersham). The procedure for screening bacteriophages was essentially
the same as that of Vinson et al. (1988).
BTE, 5'gatc-59GAGAAGGAGGCGTGGCCAAC-40

CTCTTCCTCCGCACCGGTTGctag
was tandemly (10-20 times) ligated and 32P-labelled by the nick translation
method (specific activity, 5 x 109 d.p.m.I/g). To obtain cDNAs missing
in the XBP20 and BP26 cDNA for the mRNAs of Spl and BTEB, rat liver
cDNA libraries were constructed using an oligonucleotide (17mer)
complementary to the 5' part of the XBP20 sequence (Figure IB) and an
oligonucleotide (17mer) complementary to the XBP26 sequence (Figure 3B)
as primers, respectively. The resulting libraries were screened with a 0.14
kb BamHI-EcoRI fragment of XBP20 (nucleotide positions 1541 - 1680,
Figure 1) or with a 0.45 kb PmaCI-EcoRI fragment of XBP26 (584- 1036,
Figure 3). For further 5' extension from XBP26-5'-1, a cDNA library was
constructed using a primer (26mer) complementary to a 5' part of
XBP26-5'-1 (Figure 3) and poly(A)+ RNA, which had been enriched in
the mRNA species hybridized with XBP26 by centrifugation in sucrose
density gradient (Maniatis et al., 1982). This library (5 x I05 plaques) was
screened with a 0.08 kb EcoRI-EcoT14I of XBP26-5'-1 (144-233,
Figure 3). Nucleotide sequence was determined by the dideoxy chain
termination method (Sanger et al., 1977).

Expression of cDNA in E.coli
An expression vector, pAR2106 (Studier and Moffatt, 1986), was digested
with BamHI, filled in with Klenow enzyme and ligated with EcoRI linkers
(lOmer). XBP26 cDNA was inserted into the EcoRI site of the plasmid.
A bacterial strain, BL-21 (DE8) (Studier and Moffatt, 1986), harbouring
the recombinant was grown until A6W reached 0.1. Then IPTG was added
to 0.4 mM and incubation was continued for another 3 h. Bacteria were
harvested and lysed by freezing and thawing three times in a buffer consisting
of 25 mM HEPES (pH 7.8), 12.5 mM MgCl2, 1 mM DTT, 0.1 % Triton
X-100 and 0.5 mM PMSF. The cell lysates were centrifuged at 30 000
r.p.m. for 1 h after addition of glycerol to 20%. The supematants were
referred to as bacterial extracts. Protein concentrations were determined
according to Bradford (1986) using bovine serum albumin as standard.

Gel mobility shift assay and DNase I footprint analysis
For gel mobility shift assays, bacterial extracts (15 yg protein) were mixed
with unlabelled BTE (O-1-fg) for competition experiments and double-
stranded poly(dI-dC) (4 jig) in a buffer containing 10 mM HEPES (pH
7.6), 1 mM MgCl2 and 1 mM DTT and kept on ice for 10 min. A 32P-
labelled BTE probe (2 x 104 d.p.m.) was added to the mixture and was
incubated at 24°C for 20 min. The reaction mixture was resolved by
electrophoresis in 4.6% native polyacrylamide gel. For DNase I footprint
analysis, a DNA fragment spanning from -166 to +42 bp of the P-450IA1
gene was used as a probe (Yanagida et al., 1990). The 5' end of the non-
coding strand of the fragment was labelled with [-y-32P]ATP. Bacterial
extracts (60 jg protein) or Hepa- 1 cell nuclear extracts (20 Mg) (Yanagida
et al., 1990) were pre-treated with 1 Mg double-stranded poly(dI-dC) on
ice for 10 min and then incubated with the labelled probe at 20°C for 10
min. The reaction mixture was treated with various concentrations of DNase
I at 25°C for 90 s and was resolved on a 7 M urea-6% polyacrylamide gel.

Expression of cDNAs in eukaryotic cells and CAT assay
BTEB cDNA was truncated as follows. Most of the 5'-UTR of BTEB cDNA
was removed by digestion with Bal31 and the region downstream of the
Sacl site was eliminated. The resulting BTEB cDNA begins at nucleotide
position 496 and ends at 1192 (Figure 3). The truncated BTEB and the SpI
cDNA were ligated with XhoI linkers. For expression of cDNAs in CV-l
cells, pRSVCAT (Gorman et al., 1982a) was modified and used as a vector.
From pRSVCAT, a 0.6 kb HindIII-ScaI fragment containing most of the
CAT coding region was eliminated and the HindIII and Scal sites of the
truncated vector were converted to a XhoI site. The resulting plasmid was
named pRSV(Xho). The XhoI-linked cDNAs were inserted into the XhoI
site of pRSV(Xho) in the sense orientation, generating pRSVBTEB and
pRSVSpl. As reporter plasmids, pSV/MC53 (Yanagida et al., 1990),
pSV/MC53 + 4GC (Figure 5A) pSV2CAT (Gorman et al. 1982b) and
pHIVCAT (Shibata et al. 1990) were employed.

To generate pSV/MC53 + 4GC,
5 'CTGAGGCGTGGCTGAGGCGTGG
GACTCCGCACCGACTCCGCACC

was inserted twice into the Bal31 site in the GC box of pSV/MC53 (Yanagida
et al., 1990). Insertion of the sequences was confirmed by sequencing.
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CV-I cells were maintained in Dulbecco's modified Eagle's medium
containing 10% fetal bovine serum and were distributed at a density of
2.5 x I05/6 cm dish at 12-24 h before transfection. The calcium phosphate
precipitation method (Gorman et al., 1982b) was employed for transfection.
Fixed amounts of a reporter plasmid were mixed with various amounts of
pRSVBTEB or pRSVSpl. The total amount of DNA was kept constant in
a series of transfection experiments by adding pRSV(Xho) as a carrier. At
4 h after transfection, each dish was subjected to glycerol shock and then
incubated for 40 h. The CAT assay was performed as described (Gorman
et al., 1982b). Briefly, cells were lysed by freeze-thaw and were centrifuged
to obtain supematant fractions. The suprenatant (30 jg protein) was incubated
with [14C]chloramphenicol for 15 min at 37°C, when pSV/MC53,
pSV/MC53 + 4GC and pSV2CAT were used as reporter plasmids. For
pHIVCAT, 80 itg protein was incubated for 1 h.

RNA blot analysis
Total RNA was obtained by the guanidine thiocyanate method (Chirgwin
et al., 1979) from rat liver, lung, kidney, thymus, spleen, testis and brain.
RNA (20 Mg) was denatured, electrophoresed and transferred to nitrocellulose
filters. The fragment spanning from nucleotide 1 to 790 (BamHI) of BTEB
cDNA and the SacI-BamHI (21 -925) fragment of Spl cDNA were 32p
labelled by the random priming method using a commercial labelling kit
(Boehrinrer Mannheim). The filter was hybridized with the BTEB probe
(0.9x10 d.p.m./Mg) or Spl probe (.Ox 109 d.p.m./Ig). The hybridized
filter was washed at 50°C for 30 min in 0.1 xSSC and 0.2% SDS, and
exposed to an X-ray film at -80°C for 20 h. The filters were rehybridized
with a 32P-labelled ,B-actin probe (Tokunaga et al., 1986).
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Note added in proof
The rat Spl and BTEB sequences are available from the EMBL/
GenBank/DDBJ databases under accession numbers D12768 and D12769
respectively.
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