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ABSTRACT Human transcription factor IIA (TFIIA) is
composed of three subunits (a, f3, and y). TFIIA interacts with
the TATA-box binding protein and can overcome repression of
transcription. TFIIA was found to be necessary for VP16-
mediated transcriptional activation through a coactivator
function. We have separated the coactivator and antirepres-
sion activities of TFIIA. A TFIIA lacking the a subunit was
isolated from HeLa cells. This "mini-TFIIA" interacts with
the TATA-box binding protein and can overcome repression of
transcription, but it is defective in transcriptional coactivator
function.

Initiation of transcription at promoters transcribed by RNA
polymerase II (RNAPII) is complex. Different families of
factors operate on these promoters (for a review, see ref. 1).
One family of factors recognizes common promoter elements
such as the TATA or the initiator motifs. These proteins are
known as the basal, or general, transcription factors (GTFs)
and include transcription factor IID (TFIID), TFIIB, TFIIE,
TFIIF, and TFIIH (2). TFIID is the only GTF known to exhibit
sequence-specific DNA binding activity, with specificity for the
TATA element (3, 4). In vivo, TFIID exists as a large,
multisubunit complex (5, 6), yet its DNA binding activity is
intrinsic to only one polypeptide of 38 kDa, namely the
TATA-box binding protein, TBP (7-9). The other subunits of
TFIID are known as the TBP-associated factors, TAFs (10-
12).
A second class of factors that operate at promoters tran-

scribed by RNAPII is composed of regulatory factors (13, 14).
One class of regulatory factors recognizes specific sequences
located upstream or downstream of the TATA motifs (13-16).
These factors can activate or repress transcription of specific
genes upon binding to their sites. The molecular mechanisms
by which regulatory factors regulate the activity of specific
genes are poorly understood. Ultimately, regulatory factors
encroach upon the basal transcription machinery to elicit their
effect. In fact, some regulators have been shown to directly
interact with components of the basal transcription machinery
(1).
Another growing family of transcription factors is known as

coactivators (2, 17). Coactivators do not directly bind to
promoter sequences (18), and they appear to function as
"molecular bridges" between the basal transcription machin-
ery and the promoter-bound activator. The prototype coacti-
vators are the collection of TAFs in the TFIID complex (17).
However, not all coactivators are subunits of the TFIID
complex. Some coactivators are general, whereas others are
activator- and tissue-specific. One such example is the B-cell-
specific coactivator Oca-B (19-22). Another collection of
coactivators acts more generally, and they are required for
optimal activation of transcription regardless of the activator

type (23, 24). These general coactivators (cofactors) include
some of the TAFs (25), PC4. (26-28), Dr2/topoisomerase I
(Topo I)/PC3 (24, 29), ACF (24), cofactorA (30), HMG2 (31),
and the mediator (32). A growing body of evidence indicates
that TFIIA also functions as a cofactor during transcriptional
activation (33-38).

Different functions have been ascribed to TFIIA. TFIIA (i)
interacts with TBP (39, 40) and (ii) facilitates the binding of
TFIID (or TBP) to the promoter (41, 42). (iii) Since the
binding of TFIIA to TBP results in the displacement of
negative components from the TFIID complex (39, 43, 44),
TFIIA acts as an antirepressor. (iv) TFIIA acts as a cofactor
for activated transcription, a hypothesis strengthened by the
finding that TFIIA interacts with certain activators (41, 42) as
well as with TAF11110 (45). Moreover, in the presence of
TFIID and an activator, TFIIA is required to overcome a
rate-limiting step during open complex formation (46).
The isolation of cDNA clones encoding the different sub-

units of yeast and human TFIIA has permitted a careful,
detailed analysis of the factor, which has revealed some
intriguing features. The yeast TFIIA is composed of two
subunits (47) encoded by the TOAJ and TOA2 genes (48). In
higher eukaryotes, TFIIA is composed of three subunits, a, 03,
and y (39, 40). The a and ,3 subunits are encoded by a single
gene and are probably produced by protein processing (45, 49,
50). Studies in yeast have demonstrated that TFIIA is essential
for viability (48). The essential function of TFIIA is related in
part to its interaction with TBP (51, 52). Moreover, the
TBP-TFIIA interaction is important for activation of tran-
scription in vivo (52). However, whether the different functions
ascribed to TFIIA in activation of transcription are a conse-
quence of TFIIA promoting binding of TFIID to the TATA
motif or of TFIIA allowing the formation of transcription-
competent complexes by removing repressor molecules from
TFIID (antirepression) is unknown. Using a highly purified
reconstituted transcription system, devoid of repressor mole-
cules, we find that human TFIIA is essential for VP16-
mediated activation of transcription. We also observed that the
association of TFIIA with the TBP-TATA complex, while
sufficient for antirepression, is not sufficient for activation of
transcription.

MATERIALS AND METHODS
Purification-of Recombinant TFIIA (rTFIIA) (a + ( + y)

and Mini-TFIIA (mTFIIA) (( + y). Plasmid DNAs encoding
the y and the synthetic a and ,B subunits of TFIIA were as
described (33). Recombinant proteins were expressed in bac-
teria, and the polypeptides were purified on nitrilo-triacetic
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acid agarose under denaturing conditions as described (33).
Recombinant polypeptides were mixed in an equimolar ratio
and renatured. To avoid precipitation, the protein mixture was
diluted with buffer E (8 M guanidine-hydrochloride/0.1 M
NaH2PO4/0.01 M Tris, adjusted to pH 4.5 with HCl) to a
concentration of 0.5 mg/ml and then renatured by extensive
dialysis against three changes of 4 liters of buffer C-100
(BC100) (25 mM Tris HCl, pH 7.9/10% glycerol/0.1 M KCl/
0.5 mM EDTA/10 mM 2-mercaptoethanol/0.2 mM phenyl-
methylsulfonyl fluoride) at 4°C for 20 hr.

Purification of Native TFIIA and mTFIIA. TFIIA was
purified from HeLa cell nuclear extracts as described (42) with
modifications. Western blotting detecting the a and -y subunits
and a gel mobility shift assay were employed during purifica-
tion of TFIIA. Fractions of the gel filtration step were analyzed
in transcription activation as well as in antirepression. Proteins
present in single-stranded DNA agarose pool (40 mg/50 ml)
were precipitated by the slow addition of solid ammonium
sulfate (0.42 mg/ml). Precipitated proteins were collected by
centrifugation (35,000 x> g for 30 min) and resuspended in 2 ml
of buffer C containing 0.5 M KCl and 0.01% Nonidet-P40.
Proteins were loaded onto an FPLC Superdex-200 (120-ml bed
volume) gel filtration column. Fractions (1 ml of each fraction)
were pooled (see Fig. 1A) and dialyzed against BC100. mT-
FIIA (1.6 mg/9 ml) was further concentrated by chromatog-
raphy on a DEAE-Sephacel column (200 ,ul of resin). mTFIIA
activity was bound to the column and eluted with buffer C
containing 0.35 M KCl. Quantitative Western blotting using
antibodies against the y subunit was performed to determine
the concentrations of TFIIA and mTFIIA.

In Vitro Transcription Assays. Transcription assays were
performed as previously indicated using the two DNAs de-
scribed in the text (49). Transcription factors used in the assays
were rTFIIA a + ,B + y (0.47 mg/ml), native TFIIA (0.55
mg/ml total protein; TFIIA concentration = 4.46 nM), re-
combinant mTFIIA 13 + y, (0.4 mg/ml), mTFIIA (0.19 mg/ml;
mTFIIA concentration = 1.12 nM), rTFIIB (10 ng), epitope-
tagged holo-TFIID (eTFIID) (4 ng of TBP determined using
quantitative Western blots), rTFIIE (15 ng), rTFIIF (23 ng),
HeLa cell-purified TFIIH [1 ,ul, 26 ng/,u, Mono-S (53)], and
anti-RNAPII-carboxyl-terminal domain affinity purified RNA
polymerase II [50 ng, 50 ng/,ul (30)]. Assays measuring acti-
vation of transcription also contained Gal4(194)-VP16 (1.14
mg/ml) and recombinant PC4 (0.29 jig). Topo I (Dr2) was
purified as described (24). Reactions were incubated at 30°C
for 1 hr (except for the antirepression assay; see Fig. 2 legend).
The RNA products were separated by electrophoresis on
denaturing gels. Quantitation was performed using a Phos-
phorlmager (Bio-Rad).

Release of Topo I from the TFIID Complex. The 12CA5
antibody affinity column (2 mg/ml) was prepared as described
(33) and equilibrated with BC100. Nuclear extracts prepared
from LTR3a cells expressing eTFIID (10) were fractionated by
chromatography on phosphocellulose and DEAE-52 columns.
The bound material, which was enriched in both eTFIID and
Topo I activities, was dialyzed against BC100. The material
(1.6 ml) was incubated with 400 ,ul of 12CA5 resin at 4°C for
8 hr. The column was washed extensively with BC100 until no
Topo I activity could be detected. The sample was then divided
into four identical columns. Equimolar amounts (22.4 pmol) of
glutathione S-transferase (GST) or Gal4-VP16, normal or
mTFIIA (native and recombinant forms), or 12CA5 (hema-
glutinin) peptide were incubated with each column (100 ,ul) for
10 min at 4°C. Fractions were collected and assayed for Topo
I activity using a DNA relaxation assay as described (24).

RESULTS AND DISCUSSION
Isolation of a Form of TFIIA Lacking the a Subunit. TFIIA

interacts with TBP and stabilizes the formation of the TBP-

TATA complex (41, 42). The resulting DNA protein complex
(TFIIA-TBP-TATA motif, TA complex) is stable and can be
isolated by electrophoresis on native gels (41, 42). Function-
ally, TFIIA activity can be measured in a transcription acti-
vation assay, as well as by its ability to displace repressors from
TBP (or TFIID) to allow transcription. TFIIA activity was
purified from HeLa cells as previously indicated using the
three assays described above (namely TA complex formation,
transcription activation, and antirepression).

Fractionation of TFIIA on a gel filtration column, the sixth
chromatographic step of purification, resulted in the separa-
tion of TFIIA into two forms. One form was capable of
producing a TA complex that comigrated with a complex
formed using highly purified transcriptionally active TFIIA
(Fig. 1A, + lane). The second form yielded a faster-migrating
TA complex [mini-TA (mTA); Fig. 1A]. Human TFIIA is
composed of three subunits, a, 13, and y. Western blot analysis
using antibodies directed against the a and y subunits indi-
cated that fractions yielding TA and mTA complexes con-
tained the y subunit. However, only fractions forming the
slower-migrating TA complex were reactive to the a subunit
(Fig. 1A).
To further analyze the two different DNA-protein com-

plexes observed, fractions were pooled as indicated in Fig. 1A.
The addition of increasing amounts of each protein pool to
DNA binding reactions resulted in the formation of a complex
specific to each fraction; TFIIA produced the TA complex and
mTFIIA produced the mTA complex. Formation of each
complex depended on TBP, as its omission from the DNA
binding assay resulted in no complex (Fig. 1B). Antibodies
against the different subunits of TFIIA were used to study the
composition of TFIIA and mTFIIA (Fig. 1 C and D). Western
blot analysis demonstrates that the TFIIA protein pool con-
tained the three subunits of TFIIA, whereas mTFIIA con-
tained the 13 and -y polypeptides but was devoid of the a subunit
(Fig. 1C; see also A). Using the gel mobility shift assay, we
found that antibodies against the a subunit supershifted the
TA complex (Fig. 1D, lane 3) but were without effect on the
mTA complex (lane 9). Antibodies against the -y subunit
supershifted both the TA (lane 4) and the mTA (lane 10)
complexes. Antibodies against the 13 subunit supershifted the
TA complex (lane 12) yet inhibited formation of the mTA
complex (lane 16). The effect of the antibodies on the TA and
mTA complexes was specific and due to the presence of
different TFIIA subunits within the complexes. The addition
of the TFIIA antibodies to DNA protein complexes formed in
the absence of TFIIA, such as the TBP-dependent complexes
containing Drl (TDrl) (54, 55), was without an effect (Fig.
1D). The most likely explanation for these results is that
mTFIIA lacks the a subunit. This finding is not inconsistent
with studies that demonstrated that the 13 and y subunits
independently interact with TBP and that the a subunit
interacts with the y subunit (33-35). Moreover, we reported
that recombinant 13 and y subunits interacted with TBP to
produce a DNA protein complex that migrated faster than the
complex reconstituted with the three recombinant subunits on
native polyacrylamide gels (33). Studies with the yeast-derived
factor have shown that the C terminus of TOA1, which is
homologous to the human 13 subunit, contains residues re-
quired for DNA contact within the TA complex (56). There-
fore, the 13 and y subunits appear important in establishing a
TA complex, and the a subunit appears to be brought into the
complex by its interaction with the y subunit of TFIIA. The
simple experiment of adding recombinant a subunit to mT-
FIIA was without effect (data not shown). This is not surpris-
ing since we previously observed that the addition of a to the
preformed 13-vy subcomplex resulted in no appreciable effect
on complex migration (33). Whether a mTFIIA exists in vivo
is not known; however, the biochemical isolation of this form
of TFIIA provided us with an opportunity to assess whether
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FIG. 1. mTFIIA contains the 3 and -y subunits and lacks the a

subunit. (A) Aliquots (2 ,ll) of the different fractions of a Superdex-
200 column were analyzed for their ability to form TBP-dependent
complexes using the gel mobility shift assay as described (42). The
migration of the normal TA and mTA complexes are indicated on the
left of the panel. Aliquots (20 tLI) were also analyzed by Western
blotting using antibodies against a (Middle) or y (Bottom) subunits.
The arrow on the left denotes the different polypeptides. (B) Aliquots
of the TFIIA (0.55 mg/ml) and mTFIIA (1.7 mg/ml) protein pools
were analyzed for their ability to produce TBP-dependent DNA-
protein complexes using the gel mobility shift assay. Additions (in ,ul)
are indicated on the top of the panel. The migrations of the different
complexes are indicated on the left. (C) Purified TFIIA (27 jig) and
mTFIIA (40 ,ug) were analyzed for the presence of the different TFIIA
subunits using Western blotting as indicated. (D) The effect of
antibodies against the different subunits of TFIIA on the TA and mTA
complexes was analyzed using the gel mobility shift assay. DNA
protein complexes were formed as described in B and incubated with
different antibodies as indicated on the panel. In addition, complexes
formed by the association of Drl with TBP were used as control. In
this case, the association of Drl with TBP produced at least two
different DNA-protein complexes (54). In lanes 1-10, the DNA-
protein complexes were formed first and then reacted with protein
A-purified antibodies. Complexes reacted with antibodies against the
13 subunit were as follows. Because the antibodies are of low titer and
do not have any effect on preformed complexes, TFIIA (or mTFIIA)
was first incubated with these antibodies and then added to DNA
binding assays. Complexes were formed as described (42) on a DNA
fragment containing the adenovirus major late promoter TATA motif.

the interaction of TFIIA with TBP is sufficient for activation
of transcription as well as antirepression.

mTFIIA Functions in Antirepression of Transcription. Pre-
vious studies have shown that TFIIA interacts with both TBP
and TFIID (39, 45, 49, 50). TFIIA is without effect on basal
transcription directed by TBP but is stimulatory towards
reactions directed by TFIID (33, 34, 39). Studies have sug-
gested that one of the functions of TFIIA is to counteract
proteins that copurify with TFIID and that negatively affect
transcription (39, 44). Since these findings were reported,
factors that interact with TFIID and repress transcription have
been isolated (23, 24, 43, 44, 54). The activity of some of these
factors is counteracted by TFIIA (24, 43, 49). Moreover, their
addition to transcription reactions reconstituted with TBP
imposes a requirement for TFIIA in basal transcription (24).
The yeast MOT1 is one such repressor that is neutralized by
TFIIA (43). Another factor is Dr2/PC3, which was isolated
independently by two groups seeking activities that enhanced
the response of the basal machinery to activators (24, 29).
Despite its ability to.enhance activation, Dr2/PC3 represses
basal transcription and was identified as DNA Topo 1 (24, 29).
These observations were in agreement with genetic studies in
the yeast Saccharomyces cerevisiae, indicating that Topo I-me-
diated repression is a primary means through which transcrip-
tion is halted upon entry into the stationary phase (57).
Interestingly, the effect of Topo I in transcription was inde-
pendent of its DNA relaxation activity. Dr2-mediated repres-
sion was found to be specific and not due to the nonspecific
DNA binding activity intrinsic to Topo I. Specifically, the
repressing effect was observed only on TATA-containing
promoters (24). Furthermore, Topo I was found to interact
with TBP and was also present in the TFIID complex (30).
Topo I-mediated repression of transcription was found to be
counteracted by activators and/or TFIIA (24, 49).
To analyze whether the interaction of TFIIA with TBP is

sufficient for antirepression, we examined whether mTFIIA
could overcome Topo I-mediated repression of transcription.
Reactions were reconstituted on the adenovirus major late
promoter using TBP and purified GTFs and RNAPII (Fig. 2).
In agreement with our previous observations (24), the addition
of Topo I to the reconstituted transcription assay resulted in
repression of basal transcription (lane 2). Repression could be
overcome by the addition of recombinant (lane 5) or native
TFIIA (lanes 6 and 7). TFIIA lacking the a subunit (mTFIIA),
purified from HeLa cells (lanes 8 and 9), or a recombinant
form reconstituted with the ,B and y subunits produced in
bacteria (lanes 10 and 11), was also active in overcoming Topo
I-mediated repression. This effect was specific to TFIIA and
mTFIIA, as the addition of excess TFIIE (lane 3) or TFIIF
(lane 4) failed to overcome repression.
To further analyze whether TFIIA or mTFIIA overcome

repression by physically removing Topo I from the TFIID
complex, as previously suggested (24), the following experi-
ment was performed (Fig. 3A). TFIID containing epitope-
tagged TBP (eTFIID) (11) was partially purified and immo-
bilized on an immunoaffinity resin containing antibodies
against the epitope tag. This material was distributed equally
into three identical columns, designated A, B, and C. The input
TFIID contained high levels of Topo I as measured by DNA
relaxation activity (Fig. 3B, lanes 1 and 2). Each column was
washed until no DNA relaxation activity was detected in the
flow through fraction (lanes 3-5). Columns A, B, and C were
then treated with TFIIA, GST protein alone, or GST-VP16,
respectively, to determine whether either reagent could re-
move Topo I from the column. Importantly, TFIIA, GST, and
GST-VP16 did not contain Topo I activity by themselves (lanes
12-14). Substantial DNA relaxation activity was released from
the TFIIA-treated column, indicating displacement of Topo I
from the TFIID complex (lane 6). While GST alone did not
release Topo I (lane 7), GST-VP16 released barely detectable
amounts (lane 8). Subsequent treatment of each column with
0.6 M KCI (or peptide eluting eTFIID, Fig. 3C, lane 6) yielded
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FIG. 2. TFIIA and mTFIIA overcome Topo I-mediated repres-
sion. Transcription assays were reconstituted with recombinant human
TBP (2.5 ng) and the other GTFs (lane 1). Addition of Topo I (10 ng)
resulted in the inhibition of transcription (lane 2). Recombinant
TFIIA (0.17 ,LM, lane 5), native TFIIA (2.23 nM, lane 6; 4.46 nM, lane
7) or native mTFIIA (2.24 nM, lane 8; 4.48 nM, lane 9), or recombinant
mTFIIA (0.12 ,uM, lane 10, 0.25 ,iM, lane 11) were added to reactions
mixtures, as indicated. In this experiment, TBP was preincubated for
30 min at 30°C with DNA with and without TFIIA and mTFIIA, as

indicated on the panel, before the addition of Topo I. Excess TFIIE
(8.3 nM, lane 3) and TFIIF (11 nM, lane 4) was added in place of
TFIIA. (Upper) The relative transcription (%) was quantitated using
a PhosphorImager (Bio-Rad). (Lower) The transcription assay from
where the quantitation was derived.

considerable Topo I activity (lanes 9-11), suggesting that the
efficiency of removal of Topo I was low. The relaxation activity
measured was due to Topo I activity as it was sensitive to the
Topo I-specific inhibitor, camptothecin (lane 15).
Having established that TFIIA removes Topo I from the

TFIID column, we then analyzed whether mTFIIA could
perform the same function. The results presented in Fig. 3C
demonstrate that mTFIIA (native and recombinant) can re-

move Topo I from the TFIID complex. The observed result
was specific to mTFIIA (or TFIIA) because GST (lane 1) or

lysozyme (data not shown) did not release Topo I. This result
is in agreement with the functional experiments presented
above, demonstrating that mTFIIA could function in antire-
pression. Together, these results demonstrate that the associ-
ation of TFIIA (or mTFIIA) with the TBP subunit of TFIID
results in displacement of Topo I from TFIID. Thus, we

concluded that the a subunit of TFIIA is not required for
antirepression.
TFIIA, but Not mTFIIA, Facilitates Gal4-VP16-Mediated

Activation of Transcription. To analyze the role of TFIIA and
mTFIIA in transcription activation, a transcription assay re-

sponsive to Gal4-VP16 was developed. Transcription reactions
contained two different DNA templates driven by the adeno-
virus major late promoter; one with five Gal4 DNA binding
sites upstream of the TATA box, directing transcription of a
392-nt G-less cassette (24). The reconstituted transcription
activation assay contained the GTFs, RNAPII, Gal4-VP16,

C A.~~~~~~~~~~~~C
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FIG. 3. TFIIA and mTFIIA release Topo I from the TFIID
complex. (A) Schematic representation modeling the release of Topo
I from the TFIID complex by TFIIA. (B) TFIIA can release Topo I
from the eTFIID complex. eTFIID containing Topo I was loaded onto
a 12CA5 affinity column and the fractions were analyzed for Topo I
activity using a DNA relaxation assay as described in the text. Three
identical columns (A, B, and C) were extensively washed until no Topo
I activity was detected (lanes 3-5). Protein fractions (0.02 nmol) free
of Topo I (lanes 12-14) containing TFIIA, GST-VP16, and GST were

incubated with each column, respectively, at 4°C for 10 min. The
different elutes were analyzed for Topo I activity (lanes 6-8). The
remaining Topo I associated with the eTFIID was eluted from the
column using a 0.6 M KCl wash (lanes 9-11). (C) mTFIIA can release
Topo I from the eTFIID complex. eTFIID (2 ml of DEAE-cellulose
bound material) was loaded onto 500 jil of 12CA5 affinity column. The
column was divided into five identical columns and washed extensively
with BC100 until no Topo I activity could be detected. Equal molar
amounts (0.02 nmol) of GST, TFIIA, mTFIIA, and recombinant
mTFIIA were incubated with each column at 4°C for 10 min. The
eluates (3 ,lI of 200 ,ul, but lane 5 contains 6 ,ul) were analyzed in a

DNA relaxation assay for Topo I activity. Hemaglutinin peptide (3
mg/ml) was used to eluate eTFIID from the column, and the eluate
(3 ,ul of 200 ,ul) was assayed for Topo I activity (lane 6).

and general cofactors (see Materials and Methods). Highly
purified eTFIID was used in this analysis. The eTFIID was

isolated using affinity chromatography as described (11);
however, before elution from the affinity column, the complex
was washed extensively with high salt to ensure that repressors

+ Topo I

P5-

0
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and other molecules that interact with the TFIID complex
were washed away. Using highly purified factors, apparently
free of repressors, TFIID-dependent basal transcription could
be observed in the absence of TFIIA (Fig. 4A, lane 1). The
addition of TFIIA resulted in a 2- to 3-fold stimulation of
transcription (Fig. 4A, see transcripts originated from the
template lacking the Gal4 DNA binding sites, indicated with
-). A different situation was observed when transcription
from the DNA responsive to Gal4-VP16 was analyzed. TFIIA
dramatically stimulated the response to Gal4-VP16 (Fig. 4A).
This result suggests that activator-dependent transcription
requires TFIIA. To further analyze the involvement of TFIIA
in Gal4-VP16-mediated activation of transcription, different
amounts of the activator were added to reactions reconstituted
in the presence and absence of TFIIA. Consistent with the
results presented above (Fig. 4A), activation of transcription
was observed only in reactions containing TFIIA (Figs. 4B and
5A and B). The effect observed was specific as it required the
presence of Gal4 DNA binding sites (Fig. 4B, compare + and
-). In addition, the TFIIA-dependent activation of transcrip-
tion required TFIID, cofactors, and an activation domain (Fig.
5A). The observed effect was also specific to TFIIA as a highly
purified recombinant factor isolated from bacteria was used
(see Materials and Methods and ref. 33).
Having established that TFIIA is required for Gal4-VP16-

mediated activation of transcription, we analyzed whether
mTFIIA could substitute. Despite the fact that mTFIIA could
interact with TBP and TFIID, and was active in antirepression
of transcription, we found this form of the factor to be deficient
in directing activation of transcription (Fig. SB). Moreover, our
previous studies have shown that TFIIA can stimulate basal
TFIID-dependent transcription approximately 2- to 4-fold
(ref. 33; Figs. 4A and 5B). mTFIIA was also defective in this
function (Fig. SB). Therefore, these studies demonstrate that
TFIIA is required for both activation of transcription, and
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FIG. 4. TFIIA is required for VP16-mediated activation of tran-
scription. Transcription assays were performed using eTFIID. (A)
Effect of rTFIIA on Gal4-VP16-mediated activation of transcription.
The concentration of rTFIIA in each reaction is indicated on the panel.
Gal4-VP16 (0.44 ,uM) was used in this assay. (B) Effect of Gal4-VP16
on activation of transcription in the presence (lanes 1-4) or absence
(lanes 5-8) of rTFIIA. The concentration of Gal4-VP16 in each
reaction is shown on the panel. rTFIIA (0.17 jiM) was used in this
assay. The transcripts were quantitated on a PhosphorImager (Bio-
Rad) and plotted as shown. They axis indicates the fold of activation.
Fold activation was estimated as follows: experimental lane (cpm in +)
- (cpm in -)/(cpm in +) - (cpm in -) from control lane 1.
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FIG. 5. mTFIIA does not support Gal4-VP16-mediated activa-
tion of transcription. Transcription reactions were reconstituted with
eTFIID, PC4, GTFs, and G4-VP16 as described in Fig. 4. (A) The
requirement for different components on activation of transcription
was analyzed, as indicated. Omission are indicated on the panel. (B)
Recombinant TFIIA (0.17 ,uM, lanes 2 and 10), native TFIIA (1.12
nM, lane 3; 2.24 nM, lane 4; 4.48 nM, lanes 5 and 11), or mTFIIA (1.12
nM, lane 6; 2.24 nM, lane 7; and 4.48 nM, lanes 8 and 12) were added
as indicated on the panel. Activator Gal4-VP16 was added as indi-
cated. The transcripts were quantitated using a Phosphorlmager, and
the activation fold is shown in the upper panels. The lower panel shows
the transcription assay from where the quantitation was derived. Fold
activation was estimated as described in Fig. 4.

enhancement of basal TFIID-dependent transcription. Impor-
tantly, the a subunit of TFIIA is necessary for these two
functions.
The studies described above demonstrate that TFIIA is

required for transcription activation; in its absence, Gal4-VP16
is unable to mediate activation in vitro. The involvement of
TFIIA in activation is not due to the removal of repressors,
since the reconstituted transcription system was devoid of such
molecules. However, we cannot rule out the unlikely possibility
that one of the subunits of TFIID (TAFs) functions as an
activation-specific repressor of transcription that is overcome
by TFIIA. Previous studies did not rule out the possibility that
the observed effect of TFIIA in activation was due to TFIIA-
mediated antirepression. In previous studies, nuclear extracts
depleted of TFIIA (35, 50), or a partially purified transcription
system in which a HeLa cell-derived fraction containing all
GTFs except TFIID and TFIIA (34), were used. Therefore, it
is likely that those systems contained repressors. In the present
studies, we unequivocally demonstrated that TFIIA is neces-
sary for Gal4-VP16-mediated activation of transcription as a
highly reconstituted system was used. Moreover, we found that
for activation of transcription, the a subunit of TFIIA is
required, whereas for antirepression, this subunit is dispens-
able.
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