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ABSTRACT The human transcription factor B-TFIID is
comprised of TATA-binding protein (TBP) in complex with
one TBP-associated factor (TAF) of 170 kDa. We report the
isolation of the cDNA for TAFII170. By cofractionation and
coprecipitation experiments, we show that the protein en-
coded by the cDNA encodes the TAF subunit of B-TFIID.
Recombinant TAFII170 has (d)ATPase activity. Inspection of
its primary structure reveals a striking homology with genes
of other organisms, yeast MOT1, and Drosophila moira, which
belongs to the Trithorax group. Both homologs were isolated
in genetic screens as global regulators of pol II transcription.
This supports our classification of B-TFIID as a pol II
transcription factor and suggests that specific TBP–TAF
complexes perform distinct functions during development.

RNA synthesis in the eukaryotic nucleus is catalyzed by three
distinct RNA polymerases (pol I, II, and III) and requires in
each case auxiliary initiation factors. The TATA-binding
protein (TBP) was first identified as the DNA-binding subunit
of transcription factor (TF) IID. Subsequently, TBP was found
to perform essential roles in the pol I and III systems. The
combination with other proteins (TBP-associated factors,
TAFs) dictates the polymerase specificity of the TBP complex
(for review see ref. 1). The TFIID complex harbors more than
eight TAFs ranging in size between 18 and 250 kDa, resulting
in a complex of .700 kDa. In in vitro assays measuring TFIID
activity, it was found that TAFs play an essential role in
transcription activation (for review see ref. 2). Coactivator
function of TAFs is underscored by observations that individ-
ual TAFs bind different sets of activation domains and that this
correlates with activation domain-specific stimulation of tran-
scription (3, 4). In addition, specific TBP–TAF subassemblies
can discriminate between different core promoters (5). The
exact stoichiometry of TAFs in the TFIID complex has not
been established. Certain TAFs appear to be less abundant
than others, and this may relate to partial dissociation of
TFIID during isolation or to the existence of different TFIID
complexes in the cell (6). The latter may be explained by a
model that TAFs are assembled after TBP association with the
promoter (1). In this respect, it is important to note that TBP
does not exist as a monomer in mammalian cell extracts (7).

A comparison of TAF genes cloned from human, Drosoph-
ila, and yeast revealed a high degree of structural conservation
(for review see ref. 2). Genetic analyses in yeast indicated that,

as expected, genes encoding TAFs are essential for viability.
However, additional experiments showed that transcription
activation can occur in TAF-depleted yeast cells (8, 9). In
addition, analysis of pol II holoenzyme-directed transcription
indicated that in vitro activation can occur in the absence of
TAFs (10). Together, these reports indicate that TAFs are not
generally required for transcription activation in yeast.

We have found that, in mammalian cell extracts, the majority
of TBP is present in the pol II initiation factor B-TFIID. This
factor is comprised of TBP and a protein of 170 kDa, TAFII170
(11), and can support basal transcription in transcription assays
measuring TFIID activity. Of interest, transcription with B-
TFIID does not respond to the activators tested (7). This
indicates that the B-TFIID complex is unable to establish
activator contacts, which are involved in the coactivator func-
tion of TAF components of TFIID. B-TFIID binds with less
stability to the TATA box, and this property may relate to its
inability to commit a template for transcription, which is in
contrast to TBP or TFIID (7). In addition, B-TFIID has a
potent (d)ATPase activity (11). Pugh and coworkers (12)
reported that a TAF of 172 kDa is part of the pol III factor
TFIIIB and proposed that it is equivalent to the TAFII170
component of B-TFIID. However, other groups did not ob-
serve a TAF of 170 kDa in TFIIIB (13, 14). In addition, analysis
of B-TFIID indicated that it does not function in pol III
transcription assays (15). Nevertheless, it remains possible that
TAFII170 is present in both B-TFIID and TFIIIB factors.

In this study, we report the cloning of the TAFII170 cDNA
and its copurification with B-TFIID. In addition, we show that
recombinant TAFII170 protein associates with recombinant
TBP and has considerable (d)ATPase activity. The primary
structure of human TAFII170 identifies two global regulators
of pol II transcription as homologs in other organisms, which
supports the role of B-TFIID as a pol II factor.

MATERIALS AND METHODS

Cloning of TAFII170 cDNA. The EST clone encoded amino
acids 1616–1699 of TAFII170 and was used to screen a human
B cell cDNA library following standard procedures (16).
Positive clones were sequenced on both strands using the T7
sequencing kit (Pharmacia). The two longest clones (N5D and
3N10) contained a nonspliced intron. This was corrected by
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reverse transcriptase-PCR using HeLa cell mRNA. The PCR
fragment was rebuilt into the 3N10 clone after sequence
verification. This cDNA lacks the first 16 codons. A mouse
fibroblast cDNA library (#1023, CLONTECH) was screened
with a 360-bp fragment encoding amino acids 17–153. This
resulted in one positive clone, M5A, which was sequenced and
used to isolate a human genomic fragment carrying the ATG
and the missing codons. The genomic and cDNA sequences of
human TAFII170 were combined, and the DNA sequence of
the human TAFII170 coding and untranslated regions has been
deposited in the GenBank database under accession number
AJ001017.

Purification of B-TFIID and Recombinant TAFII170. Pro-
tein fractions containing B-TFIID [B] or TFIID [D] were
obtained by phosphocellulose chromatography of HeLa whole
cell extract as described (7). B-TFIID was purified by phos-
phocellulose, Q-Sepharose, and MonoS chromatographic
steps essentially as described (11). Subsequently, B-TFIID
fractions were adjusted to buffer H [10% (vol/vol) glyceroly50
mM KCly50 mM CaCl2y0.5 mM phenylmethylsulfonyl f luo-
ridey0.5 mM DTTy0.2 mM sodium bisulfitey1 mg/ml aproti-
niny1 mg/ml leupeptin] plus 10 mM potassium phosphate (pH
7.0) and applied to a 5-ml hydroxylapatite column (Bio-Rad).
The column was developed with a linear gradient from 10 to
250 mM potassium phosphate (pH 7.0). B-TFIID-containing
fractions (140–200 mM potassium phosphate) were dialyzed to
buffer A [20 mM HepeszKOH, pH 7.9y20% (vol/vol) glycer-
oly1 mM EDTAyDTTyprotease inhibitors as above] plus 0.1
M KCl and applied to a 1-ml heparin HiTrap column (Phar-
macia). After washing with buffer A plus 0.2 M KCl, B-TFIID
was step-eluted with buffer A plus 0.45 M KCl. This B-TFIID
fraction was analyzed by gel filtration as described (7).

Recombinant TAFII170 vaccinia viruses were generated as
described earlier (17) by homologous recombination with
pTAF–gptATA carrying the TAFII170 ORF, in which amino
acids 1–16 were replaced by MGSSHHHHHHSSGLVPRG-
SHMAMGYPYDVPDYARSNS, which contains an 6x His
tag to facilitate purification. For purification of recombinant
TAFII170, Hela S3 cells (2.5z108) were infected as described
(17) with TAFII170 virus at a multiplicity of infection of 3
plaque forming units per cell. After a 20-h infection at 37°C,
cells were harvested. A whole cell extract was prepared and
adjusted to buffer T [20 mM TriszHCl, pH 7.9y20% (vol/vol)
glyceroly0.5 mM phenylmethylsulfonyl f luoridey0.2 mM so-
dium bisulfite] plus 50 mM KCly1 mM EDTAy1 mM DTT.
The extract was applied to a 65-ml Q-Sepharose FF column,
and, after washing with buffer T plus 0.15 M KCly0.1 mM
EDTAy1 mM b-mercaptoethanol (b-ME), TAFII170 protein
was eluted with buffer T plus 0.45 M KCly0.1 mM EDTAy1
mM b-ME. Imidazole was added to 1 mM, and this fraction
was applied to a 2.5-ml NiNTA agarose column (Qiagen,
Chatsworth, CA). The column was washed with buffer T plus
20 mM imidazoley50 mM KCly0.1 mM EDTAy1 mM b-ME,
and TAFII170 protein was eluted with buffer T plus 0.25 M
imidazoley50 mM KCly0.1 mM EDTAy1 mM b-ME.
TAFII170 fractions were adjusted to the conductivity of buffer
A plus 0.1 M KCl and applied to a 1-ml heparin HiTrap
column. The column was developed by a linear gradient of
0.1–0.6 M KCl in buffer A. Recombinant TAFII170 elutes at
0.28 M KCl. TAFII170-containing fractions were identified by
immunoblotting.

Immunological Analyses. Polyclonal antisera were raised
against an N-terminal region (17–154) or against a C-terminal
region (1616–1699) of human TAFII170 as described (7). mAb
20C7 and 22D1 are directed against the N-terminal half of
human TBP and were isolated according to standard proce-
dures (18). For coimmunoprecipitation, protein fractions were
incubated in ELB buffer [50 mM HepeszKOH, pH 7.9y0.3 M
KCly5 mM MgCl2y0.5 mM EDTAy0.1% Nonidet P-40y1 mM
b-ME and protease inhibitors as above] with antibody-coated

protein A–agarose beads for 3 h at 4°C. The beads were
washed, and immune complexes were analyzed on immuno-
blots, which were prepared and developed as described (18).

Coinfection by Recombinant TBP and TAFII170 Vaccinia
Viruses. For the coimmunoprecipitation experiment, A14
mouse fibroblast cells were infected by recombinant TAFII170
andyor recombinant TBP viruses at a multiplicity of infection
of 3 (TAF) or 1 (TBP) plaque forming units per cell. After 20 h
of infection at 37°C, cells were washed twice with PBS and
lysed by incubation in ELB buffer for 30 min at 0°C. After
removal of cell debris by centrifugation, lysates were used
directly.

For the NiNTA–agarose affinity step, HeLa-TK2 cells were
infected with virus(es), and lysates were prepared as above in
ELB buffer plus 1 mM imidazole and without EDTA. Lysates
were applied to 1-ml NiNTA–agarose columns. After washing
with ELB buffer plus 20 mM imidazole and without EDTA,
bound proteins were eluted by increasing the imidazole con-
centration to 0.25 M in ELB buffer.

ATPase Assay. ATPase activity was measured in reactions of
10 ml, which contained 40 mM HepeszKOH, pH 8.05y2–4%
(vol/vol) glyceroly25–35 mM KCly0.2 mM EDTAy5 mM
MgCl2y2 mM DTTy0.5 mM phenylmethylsulfonyl f luoridey
0.2 mg/ml BSA and were started by the addition of 100 mM
[a-32P] ATP. After a 2-h incubation at 30°C, part of the
reaction was analyzed by thin layer chromatography on poly-
ethyleneimine plates using 0.5 M LiCly1 M HCOOH as eluens.
Identity of the products was verified by UV shadowing of
cochromatographed ATP and ADP.

RESULTS

Generation and Analysis of TAFII170 Antibodies. Microse-
quencing of TAFII170 protein is hampered by its low abun-
dance in mammalian extracts (11). To circumvent this, we
speculated that TAFII170 belongs to the SNF2 superfamily
(19). This was based on its size and its apparent (d)ATPase
activity (11). In addition, a member of this group, yeast Mot1p,
was identified as a TAF by Weil and coworkers (20). Antisera
against human members of the SNF2 family (ERCC-6, Etl-1,
and an EST with homology to Mot1p) were obtained and
tested for recognition of TAFII170 in immunoblot experiments
with B-TFIID fractions. One of these sera recognized a protein
band with the mobility of TAFII170. This serum was raised
against an human EST clone with homology to a C-terminal
region of yeast Mot1p (1612–1691). If the protein recognized
by this antiserum is indeed TAFII170, it should be immuno-
precipitated from B-TFIID fractions by antibodies directed to
TBP. This was investigated using [B] or [D] fractions from the
phosphocellulose chromatographic step, which separates B-
TFIID (in [B]) from traditional (D-)TFIID (in [D]) (7).
Precipitated proteins were analyzed for TBP and TAFII170
content by immunoblot analysis. Fig. 1A shows that the protein
recognized by the antiserum is very efficiently precipitated by
TBP antibodies but not by control antibodies (lanes 3 and 4).
As expected, no protein bands are recognized in the anti-TBP
precipitate of the (D-)TFIID fraction (Fig. 1 A, lane 7). This
indicates that the EST clone used to generate the antibodies is
part of the human cDNA for the TAFII170 protein and
prompted us to isolate the remainder of the cDNA (see below).

The sequence of the EST clone is in a conserved region of
the SNF2 superfamily. This raised the possibility that the
antiserum was directed against another SNF2 family member
but that it cross-reacted with TAFII170. Therefore, we gener-
ated antibodies against the most N-terminal region of one of
the obtained cDNA clones. This region is not conserved in the
SNF2 superfamily. The obtained antibodies were analyzed in
a TBP coprecipitation experiment. This analysis showed that
the protein recognized by the N-terminal antibodies is indeed
immunoprecipitated efficiently by TBP antibodies from the
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B-TFIID fraction (Fig. 1B, lane 3). In a similar analysis with
(D-)TFIID, this antiserum did not recognize coprecipitating
proteins (data not shown).

To elaborate these findings, we analyzed fractions from the
different steps of a B-TFIID purification with TAFII170 and
TBP antibodies. A strict coelution of TBP and TAFII170 was
observed (data not shown). B-TFIID peak fractions from the
fifth chromatographic step were subjected to gel filtration
analysis. As expected, immunoblotting analysis showed that
TAFII170 and TBP coelute from this column (Fig. 1C). Both
proteins peak in fractions 10 to 12, which correspond to a
molecular size of 300 kDa. This is very similar to the earlier
analysis of B-TFIID (7) and illustrates the stability of the

TBP–TAFII170 interaction. Taken together, the immunoblot-
ting experiments of Fig. 1 show that cDNA sequences used to
generate the antibodies encode the human TAFII170 compo-
nent of B-TFIID.

Analysis of the cDNA for Human TAFII170. We obtained the
complete ORF of human TAFII170, which encodes a 1849-
amino acid protein with a calculated molecular mass of 206,771
Da. Whereas previous analysis indicated that the TAF com-
ponent of B-TFIID has a relative mobility of 170 kDa (hence
its name), TAFII170 migrated closer to its calculated molecular
weight in our current gel system. To avoid confusion, we will
continue to refer to the TAF subunit of human B-TFIID as
TAFII170. As expected, the TAFII170 sequence harbors the
seven motifs characteristic for proteins containing ATPase
activity (Fig. 2). A database search with the TAFII170 ATPase
region (amino acids 1263–1779) revealed 62% identity with
yeast Mot1p (21) and 69% identity with Drosophila 89B
helicase (22). In addition, this region is very similar to the
ATPase regions of, for example, human ERCC-6, murine
Etl-1, Drosophila brahma, and yeast Snf2pySwi2p (37, 34, 35,
and 33% identities, respectively).

The homology among TAFII170, Mot1p, and 89B helicase
extends beyond the ATPase region (Fig. 2). The first 1262
amino acids of TAFII170 are 26% identical to the correspond-
ing region of Mot1p and 33% identical to amino acids 1–343
of 89B helicase [the N-terminal half of 89B helicase has not
been cloned yet (22)]. Comparison of this TAFII170 region
with other SNF2 family members reveals no significant ho-
mology. In conclusion, this analysis shows that TAFII170,
Mot1p, and 89B helicase are encoded by homologous genes in
different organisms. The Drosophila FlyBase web site (http://
morgan.harvard.edu/htbin-post/gene.script?FBgn0002783)
shows that the 89B helicase is encoded by the Trithorax gene
moira (23).

Association of Recombinant TAFII170 with Recombinant
TBP. To investigate whether the recombinant TAFII170 can
associate with TBP, we used the recombinant vaccinia virus
system. The N terminus of TAFII170 was modified by addition
of a His-tag and recombinant TAFII170 virus was generated.
Mouse fibroblast cells were infected by this virus in combina-
tion with a TBP-expressing virus (kind gift of H. Stunnenberg).
Extracts were prepared by mild lysis of the cells and subjected
to immunoprecipitation with TBP antibodies. The results show
that the TAFII170 protein is present in the immunoprecipitates
only when cells are infected by both viruses (Fig. 3A Upper,
lane 6). When cells are infected by a single virus, no TAFII170
protein can be detected (Fig. 3A Upper, lanes 4 and 5).
Reprobing the blot with TBP antibodies indicated that im-
mune complexes contain recombinant TBP as expected (Fig.
3A Lower, lanes 4–6). Also, recombinant TAFII170 and TBP
were present in the lysates before immunoprecipitation (Fig.
3A, lanes 1–3).

To verify that recombinant TBP associates with TAFII170,
another approach was required because the polyclonal
TAFII170 antisera are not functional in immunoprecipitation.
The presence of a His-tag in recombinant TAFII170 facilitates
affinity purification. Lysates were prepared from infected
HeLa cells and subjected to NiNTA affinity chromatography.
Immunoblot analysis of the fractions showed that TBP is only
present in the elution step of double-infected lysates (Fig. 3B
Upper, lane 12). Part of the TBP is present in flow-through and
wash fractions of the column (Fig. 3B Upper, lanes 2, 3, 10, and
11). This may indicate inefficient binding of recombinant
TAFII170 to the column (Fig. 3B Lower, lanes 6 and 7) or that
not all of the TBP is complexed with TAFII170. In the absence
of recombinant TAFII170, TBP has a low affinity for NiNTA
(Fig. 3A Upper, lane 3). In conclusion, these experiments show
that recombinant TAFII170 can associate with recombinant
TBP and verify that the isolated cDNA indeed encodes the
TAF component of B-TFIID.

FIG. 1. TAFII170 is recognized by antisera raised against N- or
C-terminal regions of the protein encoded by the isolated cDNA. (A)
Immunoprecipitations using isolated B-TFIID or D-TFIID fractions
were performed without antibody (lanes 2 and 6), with TBP mAb 22D1
(lanes 3 and 7), or with 12CA5 antibody (lanes 4 and 8) attached to
protein A–agarose beads. Lanes 1 and 5 contain 50% of the input [B]
or [D] fraction. Immune complexes were analyzed on immunoblots
with polyclonal antibodies raised against the C terminus of TAFII170
(Upper) and, subsequently, with the TBP mAb 20C7 (Lower). The
arrows indicate the positions of TAFII170 and TBP. Positions of the
markers (in kilodaltons) are indicated to the left. (B) The N-terminal
antibodies also recognize TAFII170 in B-TFIID. [B] fraction was
subjected to immunoprecipitation as in A. Lane 1 contains 30% of the
input [B] fraction. No antibodies (lane 2), 22D1 (lane 3) or 12CA5
antibodies (lane 4) were coupled to protein A–agarose before incu-
bation with [B]. Immunoblots were analyzed as in A. (C). TAFII170
protein coelutes with TBP on a gel filtration column. Four microliters
of the load (lane 1) and 80 ml of fractions 8–16 (lanes 2–10) were
analyzed on immunoblots with TAFII170 (Upper) and TBP antibodies
(Lower) as indicated to the right. The arrows above the blot denote
fractionation of standard proteins by their molecular mass.
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Analysis of (d)ATPase Activity of Recombinant TAFII170. It
has been shown that B-TFIID can hydrolyze both ATP and
dATP (11). To test this for recombinant TAFII170, we purified
the protein by a combination of ion exchange and affinity
chromatography. After the NiNTA affinity step, no endoge-
nous TBP was present in the TAFII170 fractions (data not
shown and see also Fig. 3B Upper). Peak fractions were further
purified and subsequently tested for presence of recombinant
TAFII170 and for ATP hydrolysis. Fig. 4 A and B show that
fractions 22 and 23 contain the TAFII170 peak and have the
highest ATPase activity. Further analysis of fraction 23 indi-
cated that the Km for ATP ranges between 30 and 50 mM (data
not shown). The reaction is dependent on Mg ions and can
utilize dATP. These biochemical properties of recombinant
TAFII170 are very similar to those of B-TFIID (11). However,
recent findings in the yeast system show stimulation of Mot1p’s
ATPase activity by TBP (24). To investigate this for the human
system, a direct comparison of TAFII170 and B-TFIID is
required.

DISCUSSION
In this paper, we describe the isolation of the cDNA for
TAFII170. In a variety of assays, it is shown that the protein

encoded by this cDNA is the TAF subunit of B-TFIID. The
ability to hydrolyze (d)ATP is conferred to B-TFIID by the
TAFII170 subunit as indicated by biochemical analysis of
recombinant TAFII170. Of interest, the human TAFII170 gene
has homologs in other organisms, the yeast MOT1 and Dro-
sophila moira genes. These genes have been identified as global
regulators of pol II transcription (21, 23) because mutations in
these genes can affect transcription of a particular gene both
positively and negatively. The relationship of TAFII170 with
global regulators of pol II in other organisms strongly argues
against previous suggestions that the TAF component of
B-TFIID is involved in the pol III transcription system (12).

The yeast MOT1 gene was initially isolated as a repressor of
basal pol II transcription by two independent screens (21, 28).
Recent studies indicated that Mot1p can also stimulate pol II
transcription from certain genes (27, 29, 30). The MOT1 gene
is essential for yeast viability, which also is observed for other
TAF genes (8, 9). These findings classify Mot1p as a global
regulator of pol II transcription. A model for its biochemical
action is provided by the finding of Hahn and coworkers (26)
that Mot1p is identical to ADI (ATP-dependent inhibitor of
TBP binding). Mot1pyADI can remove TBP from the TATA

FIG. 2. Amino acid sequence of TAFII170 and its alignment with Mot1p and 89B helicase sequences. Alignment was performed using the
CLUSTAL W algorithm (25). Only the N-terminal 205 amino acids of mouse TAFII170 have been determined, and this part is included in the
comparison. The sequence for Drosophila 89B helicase is derived from a partial cDNA clone, lacking the N-terminal half of the ORF.
Immunoblotting experiments indicate that the full length 89B helicase protein has a molecular mass 210 kDa (22), which is similar to that of
TAFII170. The boxed regions mark ATPase motifs and are indicated by roman numerals. Putative nuclear localization signals are indicated by bars.
The asterisk denotes the mot1–24 mutation R1507K (30).
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box depending on ATP-hydrolysis, and this suggests that
Mot1p redistributes TBP among different promoters. It was
proposed that the increased mobility of TBP favors weak
TATA boxes, explaining the stimulatory effect of Mot1p on
TATA-less promoters (27, 30). In addition, part of the total
Mot1p in yeast extracts exists in a complex with TBP (20), and
it was shown very recently that the N-terminal 1281 amino
acids of Mot1p are essential for TBP binding (24). In vitro
transcription experiments analyzing repression by Leu3p in-
dicated that Mot1pyTBP-containing fractions but not recom-
binant TBP support Leu3p repression (31). However, it is
unclear if the other TAFs present in the assay are important
for the corepression, and the molecular mechanism has not
been determined yet. Preliminary experiments indicate that
expression of human TAFII170 does not suppress mot1–1 or
mot1–1033 mutant alleles (H.Th.M.T. and M. A. Collart,
unpublished results).

The TAFII170 homolog in Drosophila melanogaster is the
89B helicase protein (22), which is encoded by the moira gene.
Immunological analysis indicated that the gene encodes a
protein of '210 kDa and showed a widespread expression
during development. Of interest, in the latter part of embry-
ogenesis, the protein accumulates in the ventral nerve cord and
brain (22). Analysis of polytene chromosomes showed a dis-
tinct patterning, which indicates association with particular
target genes (22). In analogy to TAFII170, it is likely that, in
Drosophila cell extracts, the 89B helicaseymoira protein is also
present in a TBP–TAF complex and that TBP is responsible for
its association with chromatin. Similar to MOT1, moira is
essential for viability, and this strongly suggests that inactiva-
tion of both TAFII170 alleles in mice will be lethal. The moira
gene was isolated as an activator of homeotic gene expression
and belongs to the Trithorax group of genes (23). This
heterogenous group also includes Drosophila brahma, which
also belongs to the SNF2 family. Members of this family
contain a DNA-stimulated (d)ATPase activity and are present
in various chromatin-remodeling complexes. Destabilization
of chromatin structures may explain the global activation
properties of proteins like brahma (for review see ref. 19).

What are the implications of the Mot1p and moira results for
TAFII170? It is probable that both activation and repression by
Mot1p are caused by an increased redistribution of TBP–TAF
complexes over pol II promoters (26). Supporting this model
is the observation that B-TFIID rapidly repartitions over
different promoters in template commitment assays (7). Tem-
porally restricted genes like homeotic genes may be particu-
larly sensitive to an impaired mobility of TBP, and this could
explain the isolation of moira as a Trithorax gene. Alterna-
tively, B-TFIID could act as a cellular reservoir for TBP.

FIG. 3. Recombinant TAFII170 and recombinant TBP associate
after coexpression. (A) TAFII170 protein is precipitated by TBP
antibodies only in the presence of recombinant TBP. A14 mouse
fibroblast cells were infected with recombinant vaccinia viruses ex-
pressing TBP (lanes 1 and 4), TAFII170 (lanes 2 and 5), or TBP and
TAFII170 (lanes 3 and 6) as indicated above the lanes. Cell lysates were
subjected to immunoprecipitation by the TBP antibody 22D1. Immune
complexes were washed and analyzed in lanes 4–6 on immunoblots
with TBP or TAFII170 antibodies as indicated. Lanes 1–3 contain 20%
of the input. Arrows and molecular size markers as in Fig. 1A. (B)
Recombinant TBP coelutes with recombinant His-tagged TAFII170
during NiNTA affinity chromatography. Lysates of HeLa TK2 cells
infected with viruses expressing TBP (lanes 1–4), TAFII170 (lanes
5–8), or TBP and TAFII170 (lanes 9–12) were subjected to NiNTA–
agarose chromatography. Fractions were analyzed on immunoblots
using TAFII170 or TBP antibodies as indicated to the right. Load
fractions were analyzed in lanes 1, 5, and 9; f low-through fractions in
lanes 2, 6, and 10; wash fractions in lanes 3, 7, and 11; and elution
fractions in lanes 4, 8, and 12. The asterisk indicates the heavy chain
of the mouse 22D1 antibody.

FIG. 4. Recombinant TAFII170 contains ATPase activity. (A)
Immunoblot analysis of recombinant TAFII170. Fractions of the
heparin affinity step were analyzed on immunoblots using TAFII170
antibodies as in Fig. 1B. Lane 1 contains 5 ml of the load, and lanes 2
and 3 contain 15 ml of the flow-through and wash fractions. Lanes 4–23
contain 3 ml of the fractions as indicated above. Arrows and molecular
size markers are as in Fig. 1A. (B) ATPase activity assay of heparin
fractions containing TAFII170 protein. Two microliters of the load
(lane 1) or flow-through (lane 2) and 1 ml of heparin fraction 17–27
(lanes 3–13) were analyzed for ATPase activity. Positions of ATP and
ADP are indicated by arrows.
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Transient overexpression of TBP in mammalian cells results in
free TBP with a short half-life of 90 min whereas the average
half-life of a TBP–TAF complex in the cells exceeds 12 h
(F. C. P. Holstege and H.Th.M.T., unpublished observations).
It is possible that TAFII170 performs a chaperone-like func-
tion for TBP. The reservoir model does not explain the
classification of TAFII170 homologs as global pol II regulators.
Because TBP is also essential for pol I and III transcription (1),
one would expect effects of MOT1ymoira mutations on these
systems.

It is interesting to compare TAFII170 of B-TFIID with
TAFII250 of the (D-)TFIID complex. Both proteins contain
enzymatic activities. TAFII170 harbors a (d)ATPase activity,
and TAFII250 has acetyltransferase and protein kinase activ-
ities (32, 33). Both can bind TBP in the absence of other
proteins, resulting in reduced binding of TBP to DNA (7, 34).
Two lines of evidence suggest that (D-)TFIID has gene
specificity. Its TAFs interact with transcription regulators in an
activation domain-specific manner (2) and TAF mutations can
lead to specific cell cycle arrest phenotypes (35, 36). In
contrast, the present evidence indicates that the B-TFIID
complex functions in pol II transcription in a global manner.

In this discussion, we assumed that the functions of Mot1p,
moira, and TAFII170 are dependent on interaction with TBP.
It is important to stress that part of the cellular TAFII170 may
not be complexed to TBP. In fact, size fractionation of yeast
extracts showed that Mot1p is also present in complexes
lacking TBP (20). During purification from HeLa cell extracts,
we observed strict coelution of TAFII170 with TBP, but small
amounts of TAFII170 protein may have escaped detection by
our polyclonal antibodies. The availability of the TAFII170
cDNA clone allows development of better immunological
reagents and facilitates further investigation of its role in the
global regulation of pol II transcription in mammalian cells.
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