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Identification of a novel mouse nuclear protein termed activator of basal transcription 1 (mABT1) that
associates with the TATA-binding protein (TBP) and enhances basal transcription activity of class II promot-
ers is described. We also identify mABT1 homologous counterparts in Caenorhabditis elegans and Saccharomyces
cerevisiae and show the homologous yeast gene to be essential for growth. The mABT1 associated with TBP in
HeLa nuclear extracts and with purified mouse TBP in vitro. In addition, ectopically expressed mABT1 was
coimmunoprecipitated with endogenous TBP in transfected cells. More importantly, mABT1 significantly
enhanced transcription from an adenovirus major late promoter in a reconstituted cell-free system. We
furthermore demonstrate that mABT1 consistently enhanced transcription from a reporter gene with a
minimal core promoter as well as from reporter genes with various enhancer elements in a cotransfection
assay. Taken together, these results suggest that mABT1 is a novel TBP-binding protein which can function as
a basal transcription activator.

Most genes in eukaryotes show a regulated pattern of ex-
pression during the course of development, in the cell cycle, or
in response to changes in the cellular environment. The pro-
tein-coding genes transcribed by RNA polymerase II (Pol II)
are predominantly regulated at the level of transcription (4, 6,
53), and this transcriptional control of RNA Pol II is governed
by specific DNA elements and protein factors assembled on
these elements. Two types of DNA elements exist: (i) common
core promoter elements on which RNA Pol II and general
transcription factors (GTFs) such as TFIIA, -B, -D, -E, -F, and
-H assemble to form a preinitiation complex and (ii) gene-
specific DNA elements that are recognized by regulatory
factors (53, 56). According to this scheme, RNA Pol II and
cognate GTFs can initiate a low level of intrinsic basal tran-
scription from the core promoter. This basal transcription ma-
chinery is an ultimate target of various gene- and cell type-
specific regulatory factors, which lend positive and negative
signals to modulate transcriptional activity.

The TATA-binding protein (TBP) has been isolated and
characterized as a TATA element-binding component of the
general transcription factor TFIID (13, 20, 22, 23, 25, 32). TBP
is associated with a variety of factors that play important roles
in basal or gene-specific regulation of gene expression. For
example, TBP interacts with TBP-associated factors (TAFIIs)
and forms the TFIID complex, which was initially identified as
an essential GTF. Mammalian or Drosophila TFIID can me-
diate basal and activated transcription in vitro, whereas TBP by
itself can mediate only basal transcription, suggesting that
mammalian or Drosophila TAFIIs are required for activated
transcription (50, 67). While TAFIIs have been proposed to be

coactivators that mediate activated transcription, recent stud-
ies have shown that TAFIIs have multiple functions including
core promoter-selective basal transcription (41, 47, 59), histone
acetyltransferase activity (46), and phosphorylation of TFIIF
(8). TAFIIs consist of multiproteins ranging in size from 18 to
250 kDa (39, 40). Major TAFIIs have been cloned from yeast,
fly, and mammalian cells, and most of the counterparts show
remarkable evolutionary conservation. Eleven out of twelve
yeast TAFIIs are essential for cell viability (39), indicating the
importance of TAFIIs for transcription in eukaryotes.

TBP plays a key role together with TAFIIs in communicating
transcriptional regulatory factors and in the basic transcription
machinery (67). TBP binds to a variety of factors including
c-Fos (45, 52), c-Myc (18, 40), and p53 (58, 64). More recently,
other TBP-binding proteins, such as SAGA (3, 10, 55), Mot1
(1, 2, 69), NC2 (17, 26, 33, 42, 44), and NOTs (38), that control
class II genes have been found. To account for the diversity of
regulation mechanisms of class II genes, it is anticipated that
many more factors may be involved in transcription regulation
through the TBP.

Here we report cloning and characterization of a novel
mouse nuclear protein named activator of basal transcription 1
(mABT1). mABT1 was isolated during the course of yeast
two-hybrid screening using the Src homology 2 (SH2) domain
of SHD, a previously identified SH2 domain-containing pro-
tein (48). The analysis carried out in this study showed that
mABT1 associated directly with TBP and activated transcrip-
tion from an adenovirus major late (AdML) promoter in a
cell-free system. Also, expression of mABT1 in mammalian
cells was observed to stimulate gene expression regardless of
cis-regulatory elements, and we demonstrate that only the core
promoter was required for activation. Furthermore, the Sac-
charomyces cerevisiae yeast counterpart of the mABT1 gene
was shown to be essential for growth. These lines of evidence
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characterizes mABT1 as a novel TBP-binding protein which
promotes activation of basal transcription.

MATERIALS AND METHODS

Molecular cloning of mABT1 cDNA. pB42AD-mABT1, which contains the
mouse ABT1 cDNA, was isolated from the Mouse Embryo MATCHMAKER
LexA cDNA Library (Clontech) using the SH2 domain of SHD (48). Both
strands of the mABT1 cDNA were sequenced with an ABI 377 DNA sequencer
(Perkin-Elmer). Human ABT1 cDNA was cloned from the NT2 human terato-
carcinoma cell line by rapid amplification of 59 cDNA ends (59-RACE) (GIBCO
BRL) according to the supplier’s instructions. The primer sequences 59-TGC
CTG GAC TAG GCA TTA TCC-39 and 59-TTG GAA ATA AAG GCC CTT
TCT-39, used for first-strand cDNA synthesis and PCR, respectively, were ob-
tained from the expressed sequence tags database (dbEST). The PCR product
was subcloned in a pT7Blue T-vector (Novagen) and sequenced. The Caeno-
rhabditis elegans ABT1 cDNA was cloned by reverse transcription-PCR (RT-
PCR) with primers 59-TTT GAA TTC ATG GCG CCT ATT CCA AAA

AAG-39 and 59-GAG AGG ATC CTT ATT TGA AGA TCA TAT TCA TCA
ATT C-39. The PCR product was subcloned in the pT7Blue T-vector and se-
quenced.

Northern blot analysis. A mouse multiple-tissue Northern blot (Clontech) was
prehybridized and hybridized in ExpressHyb hybridization solution (Clontech) at
65°C with a 32P-labeled mABT1 cDNA probe. The blot was washed twice for 1 h
at room temperature in a solution containing 0.3 M NaCl, 0.03 M sodium citrate,
and 0.1% sodium dodecyl sulfate (SDS), then washed for 1 h at 65°C in a solution
containing 15 mM NaCl, 1.5 mM sodium citrate, 0.1% SDS, and thereafter
subjected to autoradiography.

Western blot analysis. Proteins were separated by SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) and transferred onto polyvinylidene difluoride
membranes (Bio-Rad) with a semidry transfer cell (Bio-Rad). Residual binding
sites were blocked by overnight incubation at 4°C in phosphate-buffered saline
(PBS; 136.9 mM NaCl, 2.7 mM KCl, 8.1 mM Na2HPO4, 1.5 mM KH2PO4)
containing 0.05% Tween 20 and 5% nonfat milk. The blots were incubated for 4
to 16 h at 4°C with primary antibody. Antibody reactions were detected using
anti-mouse or anti-rabbit antibody conjugated to horseradish peroxidase (Am-
ersham) and visualized by enhanced Luminol reagent (NEN).

FIG. 1. Structure of mABT1 and expression in mouse. (A) Nucleotide and deduced amino acid sequences of the mouse ABT1 clone. The 269 aa in the open reading
frame are represented with one-letter symbols. (B) Alignment of mouse, human, yeast, and nematode ABT1. The hypothetical protein sequences of S. cerevisiae
(YNR054), C. elegans (F57B10.8), and human ABT1 exhibit high similarity to the mABT1 sequence. Amino acid residues identical to mABT1 are shown with a black
background. Acidic regions of the four ABT1s are indicated with arrows. (C) Northern blot analysis showing the ubiquitous tissue expression of mABT1 mRNA in the
mouse. mABT1 mRNA is expressed as an approximately 1.4-kb transcript in all tissues examined.
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Cell culture and transfections. COS7 cells were cultured in Dulbecco’s mod-
ified Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum
(FBS), penicillin, and streptomycin. The cells were plated approximately 16 h
before transfection at a density of 2.0 3 105 cells in a well of 35-mm-diameter
multiwell plate (Falcon). Plasmids (2 mg) were preincubated with 13 ml of
Lipofectamine (GIBCO BRL) in 200 ml of serum-free DMEM at room temper-
ature for 45 min. The cells were washed once with DMEM. The preincubated
mixture was diluted with DMEM to a final volume of 1 ml and added to the cells.
The cells were then incubated for 5 h at 37°C, and FBS or bovine serum albumin
(BSA) was added to a final concentration of 10 or 1%, respectively. At 24 h after
transfection, the cells were washed once with DMEM and then incubated for
24 h in DMEM–10% FBS or in DMEM–1% BSA. At 48 h after transfection, the
cells were washed twice with cold PBS and lysed in 150 ml of lysis buffer (25 mM
glycylglycine [pH 7.8], 15% glycerol, 8 mM MgSO4, 1 mM EDTA, 1% Triton
X-100, 1 mM dithiothreitol [DTT]), followed by incubation for an additional 20
min at 4°C. The cell lysates were transferred to a 1.5-ml tube and centrifuged,
and 10 ml of the supernatant was used for luciferase assay.

Plasmids. pcDNA3-myc was constructed by inserting the annealed primers
59-A GCT GCC ATG GAA CAA AAA CTC ATC TCA GAA GAG GAT CTG
GGA TCC AAG CTT G-39 and 59-AA TTC AAG CTT GGA TCC CAG ATC
CTC TTC TGA GAT GAG TTT TTG TTC CAT GGC-39 into the HindIII and
EcoRI sites of pcDNA3 (Invitrogen). pcDNA3-mABT1 and pcDNA3-myc-
mABT1 were constructed by subcloning the EcoRI-XhoI cDNA fragment of
pB42AD-mABT1, which was isolated from the mouse cDNA library, into the
EcoRI and XhoI sites of pcDNA3 and pcDNA3-myc, respectively. pFA-CREB,
pFA-cFos, pFA-ATF2, pCRE-Luc, pSRE-Luc, pAP1-Luc, and pNF-kB-Luc
were purchased from Stratagene. pTATA-Luc was constructed by removing
AP-1 binding sequences from plasmid pAP1-Luc. Two oligonucleotides (59-CGC
AAG CTT GCG GAG ACT CTA GAG GG-39 and 59-TTC TGC CCG AAC
GG-39) were used for PCR to amplify a sequence containing the TATA box and
part of the luciferase coding sequences from pAP1-Luc. The PCR product was
digested and replaced with the HindIII-SplI fragment of pAP1-Luc, which con-
tains seven AP-1 binding sites, the TATA box, and the luciferase coding se-
quence. pEGFP-mABT1 was constructed by subcloning the EcoRI-XhoI frag-
ment of pB42AD-mABT1 into the EcoRI-SalI site of pEGFP-C2 (Clontech).

pGEX-mABT1 was constructed by subcloning the EcoRI-XhoI fragment of
pB42AD-mABT1 in the EcoRI-XhoI site of pGEX-4T-1 (Pharmacia). pGEX-
mABT1 mutant plasmids were constructed by subcloning the EcoRI-XhoI frag-
ment of the PCR products amplified from pcDNA3-myc-mABT1 into the
EcoRI-XhoI site of pGEX-4T-1. The oligonucleotide sequences used for ampli-
fying the fragments of mABT1 cDNA were pcDNA3-S (59-TAA TAC GAC TCA
CTA TAG-39), pcDNA3-AS (59-ATT TAG GTG ACA CTA TAG-39), A34
(59-TTT GAA TTC ATG GCC TGC AGC GCA-39), A97 (59-TTT GAA TTC
GGA GGA AAG AAG GGA GCT-39), A39 (59-TTT CTC GAG GCT GCT
GCT GCT GCA GGC-39), A102 (59-TTT CTC GAG AGC TCC CTT CTT TCC
TCC-39), and A204 (59-TTT CTC GAG ATC CCC ATC AGC TGC AAG-39).
Combinations of oligonucleotides for PCR were as follows: A34 and
pcDNA3-AS for mABT1(34-269), pcDNA3-S and A39 for mABT1(1-39),
pcDNA3-S and A102 for mABT1(1-102), pcDNA3-S and A204 for mABT1(1-
204), A34 and A102 for mABT1(34-102), A97 and A204 for mABT1(97-204),
and A34 and A204 for mABT1(34-204).

GST fusion protein binding assays. Escherichia coli JM109 transformed with
pGEX plasmids was inoculated in 20 ml of Luria-Bertani medium containing
ampicillin (100 mg/ml) and cultured overnight at 37°C. The cultures were diluted
1:10 in 200 ml of the same medium and cultured at 25°C until the optical density
at 600 nm reached 0.8; then glutathione S-transferase (GST) fusion proteins
were induced by adding isopropyl-b-D-thiogalactopyranoside (IPTG) to a final
concentration of 0.2 mM. E. coli was collected after 20 h of incubation with IPTG
at 25°C and resuspended in 20 ml of PBS containing 0.2 mM phenylmethylsul-
fonyl fluoride. The E. coli suspension was sonicated followed by incubation in the
presence of 1% Triton X-100 for 30 min at 4°C. The suspension was centrifuged,
and supernatants were incubated with glutathione-Sepharose 4B (Pharmacia) to
immobilize the GST fusion proteins on the Sepharose beads. HeLa nuclear
extract was prepared as follows. HeLa cells growing in log phase were collected
and washed twice with PBS containing 0.5 mM MgCl2 and twice with buffer A (10
mM Tris-HCl [pH 7.5], 1.5 mM MgCl2, 10 mM KCl, 0.5 mM DTT). The cells
resuspended in buffer A were homogenized with a Potter-Elvehjem homogenizer
and centrifuged. After removing supernatants, pellets were resuspended in buffer
C (20 mM Tris-HCl [pH 7.5], 0.2 mM EDTA, 0.45 M NaCl, 5 mM MgCl2, 0.5
mM DTT, 25% glycerol) and then homogenized with a Potter-Elvehjem homog-

FIG. 1—Continued.
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enizer. The homogenates were transferred to a centrifuge tube and rocked at 4°C
for 30 min. The homogenates were then centrifuged, and supernatants were
collected as HeLa nuclear extracts. At this point, 4 ml of nuclear extracts was
obtained from 5 3 107 cells. The GST fusion protein-Sepharose beads (the
amounts of the GST fusion protein and the volume of the Sepharose beads were
normalized to approximately 5 mg and 15 ml, respectively) were incubated over-
night at 4°C with 200 ml of the HeLa nuclear extracts or approximately 5 ng of
recombinant histidine-tagged mouse TBP (His-mTBP) and then washed four
times with PBS containing 0.1% Triton X-100. Proteins bound to the Sepharose
beads were used for Western blot analysis.

Immunoprecipitation. COS7 cells (1.2 3 106 cells) were transfected with 12 mg
of pcDNA3-myc-mABT1 and 75 ml of Lipofectamine as described above. At 48 h
after transfection, cells were lysed with 1 ml of NP-40 buffer (20 mM Tris [pH
8.0], 1 mM EDTA, 150 mM NaCl, 1% NP-40, 10% glycerol) containing aprotinin
(10 mg/ml), leupeptin (10 mg/ml), trypsin inhibitor (10 mg/ml), pepstatin A (2
mg/ml), 0.2 mM phenylmethylsulfonyl fluoride, and 1 mM DTT. Lysates were
centrifuged, and 400 ml of the supernatants was incubated with an anti-TBP
antibody or with a control rabbit immunoglobulin G (IgG) at 4°C for 16 h.
Subsequently, 7 ml each of protein A-Sepharose beads and protein G-Sepharose
beads were added to the mixture and incubated at 4°C for 2 h to absorb the
immunocomplex. The Sepharose beads were washed four times with 1 ml of PBS
containing 0.1% Triton X-100, and proteins bound to the Sepharose beads were
separated by SDS-PAGE and immunoblotted with an anti-Myc or anti-TBP
antibody.

RT-PCR. Two micrograms of total RNAs isolated from COS7 cells with
TRIZOL (GIBCO BRL) was treated with DNase I (GIBCO BRL). Reverse
transcription by SuperscriptII (GIBCO BRL) was performed with the RNA
samples and random hexamers. The DNA fragment corresponding to the partial
sequences of exogenously transfected GAL4-CREB gene was selectively ampli-
fied by PCR by using two oligonucleotides (59-ATT GGC TTC AGT GGA
GAC-39 and 59-GAA TCA GTT ACA CTA TCC-39). PCRs were performed for
35 cycles with denaturation at 94°C for 1 min, annealing at 44°C for 1 min, and
polymerization at 72°C for 1 min. The PCR products were separated electro-
phoretically in an agarose gel and stained with ethidium bromide.

mABT1 localization. pEGFP-mABT1 plasmids were transfected in COS7 cells
with Lipofectamine as described above. At 24 h after transfection, localization of
the enhanced green fluorescent protein (EGFP)-mABT1 fusion proteins were
observed by fluorescence microscopy with an Axiovert 135 microscope (Zeiss).

Disruption of yeast ABT1 gene. DNA fragments with the yeast ABT1 homol-
ogous DNA ends were generated by PCR using the template pFA6a-KanMX4,
which contains the known Kanr open reading frame and permits efficient selec-
tion of transformants resistant to Geneticin (G418) (68), and the two primers
59-AGC AAA CAG TTT ACT GCA GCA GAG TGA AGT AAA TTT TTA
CGC CGT ACG CTG CAG GTC GAC-39 and 59-AGC ATT GGC CAC GGC
TTG TTT CCA CAC GAC GTT GTT TAA ATT ATC GAT GAA TTC GAG
CTC G-39. The PCR was carried out with 25 pmol of the primers, 50 ng of
template, 250 mM each deoxynucleoside triphosphates, 2 mM MgCl2, 13 KOD
polymerase buffer, and 2.5 Unit of KOD polymerase (Toyobo). The program for
the PCR consisted of 40 cycles of 15 s at 95°C, 30 s at 60°C, and 60 s at 74°C. S.
cerevisiae C110-1 (a/a leu2-3/leu2-3 leu2-112/leu2-112 ura3-52/ura3-52 his6/HIS6)
(66) was transformed with the resultant PCR fragment by the lithium acetate
method and selected on a YPD plate containing G418 (0.2 mg/ml). G418-
resistant clones were isolated, and disruption of the yeast ABT1 gene
(YNR054c) was confirmed by PCR. For tetrad analysis, the ABT1-disrupted
clones were incubated at 25°C in 1% potassium acetate to form spores; then
separated spores were incubated on YPD plates at 30°C for 3 days.

In vitro transcription assay. The conditions for in vitro transcription assays
were as follows. The reaction mixture contained 10 mM HEPES-KOH (pH 7.6),
3% glycerol, 25 mM KCl, 6 mM MgCl2, 620 mM ATP and UTP, 25 mM CTP, 200
mM O-methyl-GTP, 5 mCi of [a-32P]CTP, 800 ng of template (which contains the
AdML promoter fused to the G-less cassette [57]), 50 ng of recombinant TFIIB,
120 ng of recombinant TFIIF, 45 ng of recombinant TBP, 0.2 mg of RNA Pol II
purified from calf thymus, and different amounts of GST-mABT1 in a total
volume of 20 ml. The reaction mixture without nucleotides was incubated on ice
for 20 min, and nucleotides were then added to initiate RNA synthesis, which
took place at 27°C for 45 min. Synthesized RNA was extracted with phenol-
chloroform, precipitated with ethanol, and analyzed on a 5% polyacrylamide–
8-M urea gel.

DNA binding assay. GST-mABT1 or GST protein (approximately 2 mg) was
incubated with 15 ml of denatured or native DNA-cellulose (Amersham Phar-
macia Biotech) at 4°C for 4 h. The cellulose was washed four times with PBS
containing 0.1% Triton X-100. Proteins bound to the cellulose were subjected to
SDS-PAGE and then stained with Coomassie brilliant blue.

Nucleotide sequence accession number. The sequence data for ABT1 have
been submitted to the DDBJ/EMBL/GenBank databases with accession no.
AB021860 (mouse) and AB027258 (human).

RESULTS

Identification of mouse ABT1 and its homologs in human,
yeast, and nematode cells. During identification of molecules

interacting with SHD by yeast two-hybrid screening, four in-
dependent cDNA clones derived from the same gene were
cloned from a mouse embryonic cell cDNA library. The rep-
resentative clone, designated mABT1, has 1,276 bp and a po-
tential open reading frame of 269 amino acids (aa) (Fig. 1A).
The sequence around the putative ATG initiation codon at
nucleotides 14 to 16 is compatible with the Kozak consensus
sequence. The 39 end is terminated with a poly(A)1 tail pre-
ceded by a polyadenylation signal. This clone covers an almost
full-length mRNA of 1.4 kb as estimated by Northern blot
analysis (see below). A sequence similarity search in the Gen-
Bank database was performed using the mABT1 protein se-
quence as the query, but no similar sequences with known
function were found. mABT1 showed similarity only to the
hypothetical proteins YNR054c of S. cerevisiae and F57B10.8
of C. elegans (GenBank accession no. P53743 and AF039713,
respectively). To determine whether the C. elegans counterpart
is actually transcribed, we performed RT-PCR and cloned a
0.8-kb cDNA. Sequence analysis revealed that this cDNA en-
coded an open reading frame of 268 aa (Fig. 1B) and that it
was identical to F57B10.8, which was predicted from the C.
elegans genome sequence. According to the sequence informa-
tion of the 39 untranslated region of human ABT1 in dbEST,
we cloned a human ABT1 cDNA from NT2 human teratocar-
cinoma cells by 59-RACE. The human ABT1 cDNA encoded
an open reading frame of 272 aa (Fig. 1B). Sequence align-
ment of the mouse ABT1 protein and its human, S. cerevisiae,
and C. elegans counterparts, hABT1, ScABT1, and CeABT1,
respectively, is shown in Fig. 1B. The amino acid identities
between mABT1 and the three homologs hABT1, ScABT1,
and CeABT1 to mABT1 are 75.6, 21.8, and 26.5%, respec-
tively. The homology among these proteins was observed as
small conserved stretches distributed throughout the whole
sequence. No functional motifs except for two putative nuclear
localization signals were found in mABT1. Although ABT1
lacked a typical DNA-binding motif, the N terminus of
mABT1 (aa 1 to 39), hABT1 (aa 1 to 39), ScABT1 (aa 1 to 86),
and CeABT1 (aa 1 to 75) were rich in glutamic and aspartic
acids (30.1, 41.0, 36.0, and 37.3%, respectively), suggesting that
ABT1 might be a transcription factor. Northern blot analysis of
poly(A)1 RNA from a variety of murine tissues showed that
the mRNA of mABT1 was ubiquitously expressed as a tran-
script of approximately 1.4 kb (Fig. 1C).

The yeast ABT1 homolog is essential for growth. Since
ABT1 is conserved from yeast to mammalian cells, we antici-
pate that ABT1 might have an important cellular function. As
a step toward obtaining clues for its function, we disrupted the
ScABT1 gene (YNR054c). Two yeast clones (ynr054cD-6 and
ynr054cD-8) were generated in which a single copy of the
ScABT1 gene was deleted and replaced with a Kanr gene (see
Materials and Methods). The consequences of this gene dis-
ruption were determined by sporulation and tetrad analysis.
Among the 40 tetrads dissected from ynr054cD-6 and
ynr054cD-8, 36 gave rise to only two viable spores that could
grow on YPD plates (Fig. 2). All viable progenies were sensi-
tive to G418, indicating that these haploids have intact
ScABT1 gene. This result clearly suggests that the yeast ABT1
is an essential gene, and it is therefore appropriate to speculate
that the mammalian ABT1 also has an important function.

mABT1 is localized to the nucleus and nucleolus. To deter-
mine the subcellular localization of mouse ABT1, we tran-
siently expressed in COS7 cells the EGFP-mABT1 fusion pro-
tein. While a control EGFP distributed both to the nucleus and
the cytoplasm (data not shown), the EGFP-mABT1 fusion
protein was confined to the nucleus and in some cases to the
nucleolus (Fig. 3). Subcellular localization of hemagglutinin-
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tagged mABT1 (HA-mABT1) examined by an anti-HA anti-
body, and immunofluorescence also confirmed nuclear local-
ization of mABT1 (data not shown). Although mABT1
possesses two putative nuclear localization signals, KKKKK
(40 to 44) and KRKKK (87 to 91), mABT1 mutants lacking
either or both motifs still localized to the nucleus (data not
shown). Accordingly, these motifs are not essential for nuclear
localization of mABT1. There may be other nuclear localiza-
tion signals, or mABT1 may passively be transported into the
nucleus by diffusion due to its small size.

mABT1 interacts with TBP. Since an acidic region has been
reported to be the transcriptional activation domain in the
transcription factors VP16, GAL4, GCN4, and p53 (12, 15, 24,
49, 54, 64), we believe that the function of mABT1 may be
related to transcription. Many transcriptional activators and
coactivators participate in transcription by interacting with
GTFs and especially with TFIID. Thus, we first examined
whether mABT1 associates with TBP, one of the major com-
ponents of TFIID. GST-mABT1 or GST alone was immobi-
lized on glutathione-Sepharose and incubated with nuclear
extract prepared from HeLa cells. Glutathione-Sepharose was
washed either with PBS containing 0.1% Triton X-100 or with
0.5 M LiCl, and the Sepharose was collected. Proteins bound
to GST-mABT1 or to GST were separated by SDS-PAGE and
immunoblotted with an anti-TBP antibody (Fig. 4A). A clear
band with an approximate molecular mass of 37 kDa corre-
sponding to human TBP was recognized by the anti-TBP an-
tibody when GST-mABT1 but not GST was incubated with the

HeLa nuclear extract (Fig. 4A, lanes 2 and 1, respectively). The
TBP band disappeared when the Sepharose was washed with
0.5 M LiCl (Fig. 4A, lane 4). The TBP band could also be
detected when the Sepharose was washed with NP-40 buffer
but not when the Sepharose was washed with the NP-40 buffer
containing 0.1% SDS (data not shown). To further confirm the
interaction between mABT1 and TBP, we performed an im-
munoprecipitation assay. Cell lysates from COS7 cells express-
ing Myc-mABT1 were incubated with an anti-TBP antibody or
a control rabbit IgG. Subsequently, the immunocomplex was
washed four times with PBS containing 0.1% Triton X-100,
separated by SDS-PAGE, and immunoblotted with an anti-
Myc antibody or anti-TBP antibody (Fig. 4B). Under these
experimental conditions, Myc-mABT1 coimmunoprecipitated
with endogenous TBP (Fig. 4B, lane 2), suggesting that
mABT1 forms a complex with TBP in transfected cells.

Next, we examined whether mABT1 interacts directly with
TBP. Recombinant His-mTBP produced in E. coli was incu-
bated with GST-mABT1 or GST alone. The Sepharose was
washed with PBS, and proteins bound to the Sepharose were
analyzed by Western blotting with an anti-His antibody (Fig.
4C). A clear band corresponding to His-mTBP was detected
with GST-mABT1 (Fig. 4C, lane 2) but was only weakly de-
tected with GST (Fig. 4C, lane 1). This result indicates that
mABT1 and TBP bind directly in vitro. To examine stability of
the binding between mABT1 and TBP, we washed the Sepha-
rose with 0.1 to 0.8 M NaCl or 0.5 M guanidium-HCl. His-
mTBP and GST-mABT1 was existed as a complex up to 0.3 M

FIG. 2. Yeast ABT1 gene is essential for growth. A single copy of the ScABT1 gene in a diploid strain was disrupted, and tetrad analysis were performed. Two
independent yeast clones (ynr054D-6 and ynr054cD-8) were cultured in 1% potassium acetate at 25°C to form spores. Spores derived from approximately 20 tetrads
of each clone were separated and incubated on YPD plates at 30°C for 3 days.

FIG. 3. Subcellular localization of mABT1. COS7 cells were transfected with pEGFP-mABT1; after 24 h, cells expressing EGFP proteins were monitored by
fluorescence microscopy under phase contrast (A) and dark field (B).
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NaCl but dissociated at NaCl concentrations of 0.4 or higher
(Fig. 4D); 0.5 M guanidinium-HCl also caused the His-mTBP–
GST-mABT1 complex to dissociate (data not shown).

Region of mABT1 which binds to TBP. For examination of
the TBP-binding region of mABT1, a series of GST-mABT1
fusion proteins constructed from several different regions of

mABT1 were generated in E. coli and purified (Fig. 5A). HeLa
nuclear extracts or His-mTBP were mixed with these truncated
mABT1 fusion proteins, and pull-down experiments were per-
formed. In HeLa nuclear extracts, GST-mABT1(34-269),
GST-mABT1(1-102), and GST-mABT1(1-204) were found to
interact with TBP (Fig. 5B, lanes 3, 5, and 6, respectively) as
did the GST-mABT1 wild type (WT) (Fig. 5B, lane 2). In
contrast, GST-mABT1(1-39) (Fig. 5B, lane 4) failed to interact
with TBP. These results indicate that the region in mABT1
comprising residues 34 to 102 is necessary for binding to TBP.

As was the case for TBP in HeLa nuclear extracts, purified
GST-mABT1 WT (Fig. 5C, lane 2 and 8), GST-mABT1(34-
269), GST-mABT1(1-102), and GST-mABT1(1-204) also in-
teracted with His-mTBP (Fig. 5C, lanes 3, 5, and 6, respective-
ly), while GST-mABT1(1-39) (Fig. 5C, lane 4) failed to do so.
To further define the region sufficient for complex formation,
the GST-mABT1(34-102), GST-mABT1(34-204), and GST-
mABT1(97-204) fusion proteins were generated to examine
the complex formation. Here, GST-mABT1(34-102) and GST-
mABT1(34-204) were observed to interact with His-mTBP as
did the WT (Fig. 5C, lanes 9 and 10, respectively). In contrast,
GST-mABT1(97-204) did not interact with His-mTBP at all
(Fig. 5C, lane 11).

mABT1 stimulates basal transcription in vitro. Given that
mABT1 directly interacts with TBP, we then examined
whether mABT1 will functionally participate in transcription
in a reconstituted transcription reaction. We first examined
whether mABT1 stimulates basal transcription from the
AdML promoter, which contains only the core promoter se-
quence without any upstream regulatory elements. Addition of
12.5, 25, and 50 ng of GST-mABT1 to the in vitro transcription
reaction significantly stimulated transcription levels 3.6-, 4.9-,
and 5.4-fold, respectively (Fig. 6, lanes 2 to 4) compared to the
control (no addition [Fig. 6, lane 1]). Addition of 12.5, 25, and
50 ng of control GST protein also slightly enhanced transcrip-
tion levels 1.2-, 1.5-, and 2.2-fold, respectively (Fig. 6, lanes 5 to
7). The stimulatory effect of mABT1 on in vitro transcription
was approximately three times higher than that of the GST
protein. The transcription enhancement by GST-mABT1 sat-
urated at 50 ng of GST-mABT1, and transcription was rather
inhibited at the higher dose of 200 ng of GST-mABT1 (data
not shown). These results clearly show that mABT1 can acti-
vate basal transcription in vitro.

mABT1 stimulates basal transcription in transfected cells.
It remains to be shown whether mABT1 can activate basal
transcription in the cell. To examine this, the reporter plasmid
pTATA-Luc, which consists of a TATA box and a luciferase
gene but without any cis-regulatory elements, was cotrans-
fected in COS7 cells with pcDNA3-myc-mABT1, an expression
vector of Myc-tagged mABT1. As the expression of mABT1
increased, the luciferase activity from pTATA-Luc was ob-
served to increase up to fourfold in a dose-dependent man-
ner (Fig. 7A). We note here that enhancement of transcrip-
tion required relatively high expression levels of mABT1.
These results convincingly show that overexpression of
mABT1 stimulates basal transcription in transfected cells as
well as in vitro.

We further tested, again by cotransfection, whether mABT1
enhances expression from other reporter genes containing
CRE, AP-1, serum response element SRE, and NF-kB regu-
latory elements. Expression of mABT1 repeatedly increased
luciferase activity from these reporter genes, pCRE-Luc (4-
fold), pSRE-Luc (7-fold), pAP-1-Luc (5-fold), and pNF-kB-
Luc (2.9-fold) (Fig. 7B). The enhancement of transcription
from these heterologous promoters was more or less at the
same level as that observed for the core promoter (pTATA-

FIG. 4. mABT1 interacts with TBP. (A) Interaction of GST-mABT1 with
TBP in HeLa nuclear extracts (N.E.). The GST-mABT1 fusion protein (lanes 2
and 4) and the GST protein (lanes 1 and 3) expressed in E. coli were immobilized
on glutathione-Sepharose beads and incubated with HeLa nuclear extracts. After
washing with PBS (136.9 mM NaCl, 2.7 mM KCl, 8.1 mM Na2HPO4, 1.5 mM
KH2PO4) containing 0.1% Triton X-100 (lanes 1 and 2) or with 0.5 M LiCl (lanes
3 and 4), proteins bound to the Sepharose beads were subjected to SDS-PAGE
and immunodetected with an anti-TBP antibody. HeLa nuclear extracts were
used as a positive control (lane 5). The arrow indicates the TBP band, which is
37 kDa. (B) Coimmunoprecipitation of mABT1 and TBP. COS7 cells were
transfected with pcDNA3-myc-mABT1, and lysate was prepared. Immunopre-
cipitations with control rabbit IgG (lane 1) or anti-TBP antibody (lane 2) were
performed, and the immunocomplex was analyzed with antibodies against TBP
(a-TBP blot) and c-Myc (a-Myc blot). TBP and Myc-mABT1 in the whole cell
lysate are shown in lane 3. (C) Interaction of mABT1 with purified mTBP.
Recombinant His-mTBP was incubated with GST-mABT1 (lane 2) or GST (lane
1), and proteins bound to the Sepharose beads after washing with PBS containing
0.1% Triton X-100 were subjected to SDS-PAGE and immunodetection with an
anti-His antibody. The arrow indicates His-mTBP. (D) Stability of mABT1-TBP.
The His-mTBP was incubated with GST-mABT1 and washed with various con-
centrations of NaCl (0.1 to 0.8 M) containing 0.1% Triton X-100. Then His-
mTBP bound to the GST-mABT1 was analyzed as described above.
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Luc; fourfold [Fig. 7A]). This suggests that mABT1 may not
act in an enhancer-specific manner but rather acts ubiqui-
tously. This observation is consistent with the idea that mABT1
stimulates basal transcription but does not activate specific

enhancer elements. Although Myc-tagged mABT1 was used to
monitor expression in these assays, the Myc tag did not con-
tribute to enhance luciferase activity, since tagless mABT1
gave similar results (data not shown).

FIG. 5. Delineation of the TBP-binding region of mABT1. (A) Schematic representation of a series of GST-mABT1 mutants and summary of the binding
characteristics. Numbers show the sequence position of amino acids in mABT1. Results of the interaction analysis with TBP in HeLa nuclear extracts and purified
His-mTBP are summarized to the right (E, interaction; 3, no interaction; ND, not determined). The binding and washing conditions for TBP binding to the
GST-mABT1 proteins were the same as in Fig. 4C. (B) Interaction of the GST-mABT1 deletion mutants with TBP in HeLa nuclear extracts. The series of GST-mABT1
deletion mutants were incubated with HeLa nuclear extracts and washed with PBS containing Triton X-100. Proteins bound to the GST fusion proteins were then
detected by immunoblotting with an anti-TBP antibody. Lane 1, GST; lane 2, mABT1 WT; lane 3; mABT1(34-269); lane 4, mABT1(1-39); lane 5, mABT1(1-102); lane
6, mABT1(1-204); lane 8, control HeLa nuclear extract (N.E.) (C) The series of GST-mABT1 deletion mutants were incubated with His-mTBP and washed with PBS
containing 0.1% Triton X-100. Proteins bound to the GST fusion proteins were detected by immunoblotting with an anti-His antibody. Lanes 1 and 7, GST; lanes 2
and 8, mABT1 WT; lane 3, mABT1(34-269); lane 4, mABT1(1-39); lane 5, mABT1(1-102); lane 6, mABT1(1-204); lane 9, mABT1(34-102); lane 10, mABT1(34-204);
lane 11, mABT1(97-204).
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mABT1 enhances gene expression as monitored by mRNA
and protein levels. In addition to the measurement of lucif-
erase activity, we confirmed the enhancement of gene expres-
sion by monitoring mRNA and protein levels. An expression
plasmid for a GAL4-CREB fusion protein was cotransfected
into COS7 cells with or without pcDNA3 Myc-mABT1. Total
RNA was collected after an incubation period, and RT-PCR
analysis was performed to quantify the amount of GAL4-
CREB mRNA. As shown in Fig. 8A, the GAL4-CREB tran-
script was not detected by the RT-PCR in total RNA prepared
from the COS7 cells transfected with a GAL4-CREB expres-
sion vector and pcDNA3-myc even after 35 cycles under these
experimental conditions. In contrast, a GAL4-CREB tran-
script was readily detected in total RNA prepared from the
COS7 cells transfected with the GAL-CREB expression vector
and pcDNA3-myc-mABT1 after 25 cycles. We determined the
amount of GAL4-CREB protein by Western blotting using an
anti-CREB antibody and found that the amount, as well as that
of GAL4-CREB mRNA, increased upon cotransfection of
mABT1 (Fig. 8B). We further studied whether mABT1 en-
hances gene expression in other cotransfected plasmids ex-
pressing GAL4-Fos or GAL4-ATF2. Western blotting using an
anti-GAL4 antibody clearly showed the expression levels of the
GAL4-Fos and GAL4-ATF2 chimeric proteins to drastically
increase when mABT1 was coexpressed (Fig. 8C).

mABT1 interacts with DNA. To examine whether mABT1
interacts with DNA, GST-mABT1 or control GST protein was
incubated with DNA-cellulose. GST-mABT1, but not GST,
was captured by both native DNA-cellulose (Fig. 9, lane 4) and
denatured DNA-cellulose (Fig. 9, lane 6). The amount of GST-
mABT1 protein bound to the cellulose was approximately one-
third to one-fifth of the input (Fig. 9, compare lane 2 with lane
4 or 6). These results suggest that mABT1 directly binds to
single- and double-stranded DNA. To examine stability of the
binding, we washed the complex with 0.1 to 1.0 M NaCl. GST-
mABT1 bound to both DNA-celluloses dissociated at 1.0 M
NaCl but did not dissociate at 0.8 M NaCl (data not shown). In
this assay, some degradation of GST-mABT1 was detected.
We do not know whether these degradation products retain
DNA-binding ability, since they might be captured by the
dimerization of GST (65) between the degradation products
and the intact GST-mABT1.

DISCUSSION

Recent studies aimed at understanding the molecular mech-
anism of transcriptional regulation have unraveled a battery of
proteins participating in various aspects of the transcriptional
event (4, 30, 39, 53, 56, 67). TBP in particular has been recog-
nized as one of the central factors that help multiple proteins
to assemble into a large complex leading to transcriptional
initiation and regulation (39). To further advance our knowl-
edge, it is important to identify all of the TBP-binding proteins
and relevant factors. In the present study, we have described
the investigation and resulting characterization of a novel
TBP-binding protein, mABT1.

mABT1 is a TBP-binding protein. ABT1 was found to be
ubiquitously expressed in a variety of mouse tissues and con-
served from yeast to mammalian cells, suggesting an elemen-
tary role of ABT1 in cells. Indeed, the importance of ABT1
was explicitly shown in yeast cells, as the ABT1-deficient cells
were unable to grow. We first tested whether mABT1 is in-
volved in transcription, since mABT1 is a nuclear protein and
has a characteristic acidic region, which has been described as
a transcriptional activation domain in many transcription fac-
tors (e.g., VP16, GAL4, GCN4, and p53) (12, 15, 24, 49, 54,
64). Since several transcription factors have been shown to
interact with TBP or TFIID, we examined whether mABT1
also interacts with TBP. In fact, mABT1 was found to interact
with TBP directly, indicating that mABT1 can be added to the
growing list of TBP-binding proteins. Interestingly, mABT1
and TBP could not associate under the high ionic strength of
0.4 M NaCl or 0.5 M guanidine hydrochloride in vitro. Thus,
this association appears to be unstable compared with the
association between TBP and TAFIIs, which is resistant to 0.5
M guanidine hydrochloride (21, 51). This may be one of the
reasons why ABT1 has not previously been identified as a
TAFII by conventional immunopurification methods using an-
ti-TBP antibody (9). Although less stable, mABT1-TBP bind-
ing could be demonstrated by coimmunoprecipitation in
mABT1-transfected cells, indicating that association can occur
in the cell.

The fact that TBP can bind so many proteins raises the
interesting question of whether this binding occur simulta-
neously on the same TBP molecule or on different TBP mol-
ecules. A quantitative Western blot analysis has shown that the
concentration of TBP in the cell is sufficient to permit inde-

FIG. 6. mABT1 stimulates transcription in a reconstituted cell-free system. In vitro transcription from an AdML promoter was performed with addition of
increasing amounts of GST-mABT1 or GST. Lane 1, without GST-mABT1; lane 2, 12.5 ng of GST-mABT1; lane 3, 25 ng of GST-mABT1; lane 4, 50 ng of
GST-mABT1; lane 5, 12.5 ng of GST; lane 6, 25 ng of GST; lane 7, 50 ng of GST. Nuclear extract (N.E.) prepared from rat liver was used as a positive control. Amounts
of transcripts were measured by an image analyzer (BAS 1500; Fuji), and fold activation is indicated at the bottom.
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pendent interactions with each of the TBP-binding proteins,
including TAFIs, TAFIIs, TAFIIIs, SAGA, Mot1, NC2, and
NOTs (39). According to this scheme, mABT1 may interact
with a small population of a large global pool of TBP and form
a complex with TBP which is not bound to other proteins.

By using a series of mABT1 mutants, we determined that the
mABT1 region encompassing residues 34 to 102 is responsible
for TBP binding. This domain is well conserved among differ-
ent species, indicating that the interaction may be an evolu-
tionarily conserved feature of this protein. TBP-binding motifs
in several TBP-binding proteins have been reported (29), but
we were not able to locate these motifs in the TBP-binding
region of mABT1.

mABT1 activates basal transcription. Since mABT1 binds
to TBP, we examined whether mABT1 is involved in transcrip-
tional regulation in a reconstituted cell-free transcription sys-
tem. mABT1 increased up to threefold in vitro transcription
from the AdML promoter in a dose-dependent manner. The
level of transcription was inhibited at higher concentrations,
possibly due to sequestering of the functional TBP from the
promoter DNA. Given that mABT1 binds to TBP, it is likely
that functional interaction can occur between mABT1 and the
basal transcriptional machinery. The ability of mABT1 to en-
hance basal transcription appears to render the protein distinct

from mammalian TAFIIs (67), which usually do not affect basal
transcription but only mediate the response of specific activa-
tors. TAFIIs typically act as molecular bridges between specific
activators and the general transcription machinery. For exam-
ple, TAFII110 mediates activation of Sp1 (7, 21, 70), and
TAFII40 mediates activation of GAL4-VP16 in cell-free sys-
tems (16).

In transfection experiments, we showed that coexpression of
mABT1 enhanced transcription from a minimal core promoter
and to the same extent from promoters with CRE, SRE, AP-1,
and NF-kB cis-regulatory elements. Importantly, mABT1 does
not function as a specific regulatory factor for CRE, SRE,
AP-1, and NF-kB cis-regulatory elements; only the core pro-
moter is sufficient for this effect. This result is compatible with
the notion that mABT1 can activate basal transcription. Again,
this feature appears to differentiate mABT1 from TAFIIs, in
that TAFII40, TAFII60, TAFII110, and TAFII230 have been
shown not to affect basal transcription in cotransfection exper-
iments (11). Taken together, these results show that mABT1 is
unique in possessing TBP-binding and basal transcription ac-
tivities, a feature distinguishing it from typical TAFIIs, which
act in a regulator-specific manner.

Recently, a distinct class of factors that activate basal tran-
scription has been identified in yeast. For example, the yeast

FIG. 7. mABT1 stimulates transcription in transfected cells. (A) Coexpression of mABT1 stimulates luciferase activity from the reporter plasmid pTATA-Luc.
pTATA-Luc (0.1 mg) was cotransfected in COS7 cells with different amounts of pcDNA3-myc-mABT1 (0 to 2 mg). The total amount of plasmids used for each
transfection was normalized with pcDNA3-myc. The cells were cultured in DMEM–10% FBS. Following 48 h of incubation, cell lysates were prepared and subjected
to immunoblotting and luciferase assays. The expression level of Myc-mABT1 in each sample was detected by immunoblotting with an anti-Myc antibody (inset). (B)
Stimulation of luciferase activity from reporter genes with different cis-regulatory elements by mABT1. Structures of the reporter and expression plasmids are shown
at the top. One microgram of reporter genes containing CRE, SRE, AP-1, and NF-kB cis-regulatory elements was cotransfected with 1 mg of pcDNA3-myc (Mock)
or pcDNA3-myc-mABT1 (Myc-mABT1). The cells were cultured in DMEM–1% BSA; after 48 h of incubation cell lysates were prepared and subjected to luciferase
assay. CMV, cytomegalovirus.
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Tsp1/Sub1 protein, which has sequence similarity to the human
coactivator PC4, stimulates basal transcription in vitro (19, 35).
Also, the yeast mediator, which consists of approximately 20
polypeptides, interacts with the C-terminal repeat domain of
Pol II and stimulates basal transcription in vitro (34, 36).
Whether ScABT1 is included in the mediator complex and
activates basal transcription remains to be clarified. Tsp1/Sub1
and the mediator have been reported to stimulate activated
transcription as well as basal transcription. It will be interesting
to determine whether mABT1 stimulates activated transcrip-

tion. Interestingly, mABT1 can bind to DNA in a sequence-
independent manner. This feature of mABT1 suggests that it
could be a transcription cofactor, since well-characterized hu-
man-positive cofactors such as topoisomerase I (37, 43, 61),
topoisomerase II (5), poly(ADP-ribose) polymerase, HMG2
(14, 28, 60, 62, 71, 72), and PC4 (31) are DNA-binding proteins
which may affect accessibility to DNA and modulate the activ-
ity of RNA Pol II (30). The precise mechanism of how mABT1
exerts its effect on basal transcription remains to be elucidated.
Since mABT1 binds to TBP and DNA, we favor the view that

FIG. 8. mABT1 enhances mRNA and protein levels from cotransfected genes. (A) COS7 cells were transfected with pFA-CREB with either pcDNA3-myc (as
Mock) or pcDNA3-myc-mABT1 (mABT1), and total RNA (1 mg) was subjected to RT-PCR (RT1) or PCR without the RT reaction (RT2). The PCRs were sampled
at 15, 20, 25, 30, and 35 cycles, then separated on 1% agarose gel, and stained with ethidium bromide. A PCR product of 485 bp derived from the GAL4-CREB mRNA
is indicated with an arrow. (B) Immunoblotting with anti-CREB antibody. Cell lysates prepared from the transfected COS7 cells as mentioned above were subjected
to SDS-PAGE, followed by immunoblotting with an anti-CREB antibody. Arrows indicate the GAL4-CREB fusion protein. Two samples of control (2) and mABT1
(1) were independently prepared. (C) Immunoblotting with an anti-GAL4 antibody. COS7 cells were cotransfected with pFA-cFos or pFA-ATF2 with or without
pcDNA3-myc-mABT1. Cell lysates were prepared after 48 h and analyzed with an anti-GAL4 antibody. Arrows indicate GAL4-Fos and GAL4-ATF2 fusion proteins
detected with the antibody. Lane 1, pFA-cFos plus pcDNA3-myc; lane 2, pFA-cFos plus pcDNA3-myc-mABT1; lane 3, pFA-ATF2 plus pcDNA3-myc; lane 4,
pFA-ATF2 plus pcDNA3-myc-mABT1).
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mABT1 accelerates or facilitates assembly of the transcrip-
tional initiation complex. However, we cannot totally exclude
the possibility that mABT1 affects mRNA stability or tran-
scription elongation. Recently, TBP has been shown to form
homodimers and needs to dissociate to acquire TATA element
binding and activate transcription. Thus, it is thought that TBP
dimerization prevents unregulated gene expression (27, 63).
Along the same line, mABT1 might accelerate the dissociation
of TBP dimers by binding to TBP and as a result increase the
accessibility of TBP to promoter DNA, thereby enhancing
basal transcription. To further dissect the molecular mecha-
nism of mABT1 function, it is important to explain which
proteins mABT1 interacts with, that is, whether mABT1 binds
to GTFs, Pol II, TAFIIs, or other factors included in the preini-
tiation complex. Yeast two-hybrid screening using mABT1 is
under way in our laboratory. mABT1-associated proteins may
represent a novel protein-protein complex involved in the reg-
ulation of basal transcription. Although mABT1 has an acidic
region in its N terminus, the function of this region in tran-
scriptional activation has not been elucidated.

We have provided evidence that mABT1 can act as a regu-
lator of basal transcription for class II genes. However, we still
do not know whether mABT1 can act on class I and class III
promoters. Since TBP is included in the transcriptional ma-
chinery of class I and class III promoters (39), and since
mABT1 resides in the nucleolus, these possibilities may be
worth testing in the future. Also, it would be interesting to
examine if SHD or other SH2 domain-containing proteins
regulate mABT1 function.
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