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ABSTRACT

Spl is a ubiquitous activator of numerous TATA-
containing and TATA-less promoters within the human
genome. This transcription factor is distinct from
several other mammalian activators because it cannot
stimulate transcription of reporter genes when
ectopically expressed in
Here we report that in cultured cells from  Drosophila
melanogaster human Spl efficiently activates
transcription from synthetic promoters containing
TATA boxes, but not from promoters that contain an
initiator instead of a TATA box. The inability of Sp1 to
activate initiator-mediated transcription did not result
from inactivity of the consensus initiator element used

for the experiments, as other initiator functions were
conserved in  Drosophila cells. Interestingly, a
difference between the Drosophila and human TFIID
complexes was found to be responsible for the
selective inability of Spl to activate initiator-mediated
transcription in  Drosophila ; in a complementation
assay with a TFIID-depleted Hela cell extract both the
Drosophila and human TFIID complexes supported
TATA-mediated transcription, but only the human
complex supported initiator-mediated transcription.
These results suggest that a species-specific interaction

is required for activation of TATA-less promoters by Sp1,
revealing a difference in transcriptional activation
mechanisms between vertebrates and invertebrates.

INTRODUCTION

Saccharomyces cerevisiae .

transcription the functional properties and biochemical activities
of Sp1 have been analyzed in considerable detail.

The DNA binding activity of Sp1 is mediated by a zinc finger
region near the C-terminus of the protein and transcriptional
activation involves four distinct domainé-g). The A and B
activation domains near the N-terminus each contain a glutamine-
rich region and an adjacent region rich in serines and threonines.
When targeted to a promoter by a heterologous DNA binding
domain these domains strongly activate transcription (see for
example9,10). The C and D activation domains, which flank the
zinc finger region in the C-terminal half of the protein, activate
transcription poorly by themselves, but augment the activities of
the A and B domains3J. The D domain also acts in concert with
the A and B domains to direct formation of Sp1 multimers, which
are essential for synergistic activation of transcriptida-14).

During the past few years progress has been made towards an
understanding of the mechanism by which Spl stimulates
transcription. Like many activators Spl requires the transcription
factor 1ID (TFIID) complex for efficient stimulation of transcription
in vitro (15-18). Furthermore, Sp1 can directly stabilize binding of
TFIID to core promoter element§q). Physical interactions have
been detected between Spl and three components of human TFIID:
TBP, hTAR130 and hTAR55 (9,20-23). TBP and hTAR130
interact with the glutamine-rich domains of Sp1, whereas j3BF
binds to the C-terminu®0-23). The functional relevance of the
Spl1-hTAR130 interaction has been supported ioy vitro
transcription experiments with reconstitut€tosophila TFIID
subcomplexes, in which therosophila homolog of hTAR130,
dTAF;,;110, was found to play an essential role during Sp1 activation
(24,25). Sp1 may also interact with other components of the pol Il
preinitiation complexZ6).

Further insight into the functions of the Sp1 activation domains
was recently provided by an analysis of their abilities to activate

Spl was isolated from HeLa cell extracts over 12 years ago agranscription through core promoters with different structures

sequence-specific DNA binding protein capable of activating10). This analysis revealed that the isolated glutamine-rich
transcription from the simian virus 40 (SV40) early promoter irdomains, when fused to a heterologous GAL4 DNA binding
a cell-free assayl(2). Subsequent studies demonstrated that Spdomain, possess a strong preference for a core promoter
contributes to activation of numerous viral and cellular genesontaining an Inr element; activation was not detected if the core
(3-5). Because it was the first sequence-specific activator of ppromoter contained only a TATA box. In contrast, full-length Sp1
Il genes identified and because of its widespread role in regulatiagtivated transcription with equal efficiency through core promoters
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Figure 1. Species-specific activation of a TATA-less promoter by Sp1. Transient transfection experiments were performed withaspaftecqhtaining multiple

Sp1 or GAL4 binding sites upstream of the three core promoters shown at the bottom and a HSV-TK reporter gene. Specificripitweae analyzed by primer
extension, yielding a 75 nt cDNA product for the TATA promoter and an 84 nt product for the TATA—Inr and Inr profpRepofter plasmids containing (lanes

2, 4 and 6) or lacking (lanes 1, 3 and 5) Sp1 binding sites were analyzed by transient transfection and primer Bxt283ioell§ were co-transfected with the

three reporter plasmids containing GAL4 binding sites and with (lanes 2, 4 and 6) or without (lanes 1, 3 and 5) a GALM4eBgth)fekpression plasmid.

(C) DrosophilaSL2 cells were co-transfected with the three reporter plasmids containing Sp1 binding sites and with (lanes 2, 4 amou6)lanestl, 3 and 5)

an Sp1 expression plasmid (pPacS{l) OrosophilaSL2 cells were co-transfected with the three reporter plasmids containing GAL4 bindings sites and with (lanes
2, 4 and 6) or without (lanes 1, 3 and 5) a GAL4—ftzQ expression plasmid.

containing either a TATA box or an Inr. Activation of a promoterdifferent core promoters (Fid) and a herpes simplex virus
containing only a TATA box apparently requires the combinetdhymidine kinase (HSV-TK) gene. The plasmids usedhfeitro
functions of the N-terminal and C-terminal activation domainstranscription experiments are the same as plasmids Il (TE)A;
revealing clear functional differences between the domains. IV (TATA/Inr; 15), | (weak TATA/Inr; 15) and VI-c (Inr;28),

To investigate the mechanisms of Sp1 activation from differergixcept that the Sp1 sites were deleted from VI-c. The expression
core promoters in greater detail we wished to ectopically exprepasmids for the full-length and mutant Sp1 proteins have been
wild-type and mutant Sp1 proteins in cells that do not express described previousih\B(13). For simplicity we renamed some of
endogenous Sp1 protein. Since all mammalian cells express Sfife deletion mutants, with the name used here corresponding to
we employed th®rosophila melanogasteBL2 cell line, which  the deleted domain: pRais the expression vector lacking Spl
does not express the tissue-restri€emsophilahomolog of Sp1  sequencesAB, AA1, AA2, ABc, ABn, AD andADc areAAQ,

(27). The SL2 cell line has been used successfully for sever@P-2E, pPack, D23, D9, N619 and N636 respectiih3f. The
other studies of SpB,11,13), including the original analysis M21 and M37 substitution mutants described previo@$kyére

of the Sp1 activation domains. The unexpected results obtaingederted into the context of th®A2 protein. The GAL4-Spl
from our analysis provide further insight into the mechanisms axpression plasmidl(), the GAL4-ftzQ expression plasmid
transcriptional activation by Spl, into the differences betweef?9,30), the plasmids with variable spacing between TATA and
TATA- and Inr-mediated transcription and into the evolution ofinr (31), the reverse TATA-Inr plasmid8{) and the plasmids

the pol Il transcription apparatus. with different sequences 25 bp upstream of the TdT Inr element
(28) have been described previously. All plasmids were purified

MATERIALS AND METHODS by column chromatography (Qiagen Inc.).

Plasmids Transient transfections

The basic reporter plasmids used for the transient transfectidhe human embryonic kidney cell line 293 andRiesophilacell
assays have been described previously. (These plasmids line SL2 were grown and transfected by the calcium phosphate
contain multiple binding sites for GAL4 or Sp1 upstream of threenethod as described previoushyl(0). The transfected human and
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Figure 2. Titration of reporter plasmids in transfecEsophilaSL2 cells. SL2 cells were co-transfected witlgHPacSpl expression vector and with 1 (lanes 1-3),
5 (lanes 4-6) or 10 ug (lanes 7-9) of the three reporter plasmids containing Sp1 binding sites. Cytoplasmic RNA wasd iso&dyeedivy primer extension, yielding
a 75 nt product with the TATA plasmid and an 84 nt product with the TATA—Inr and Inr plasmids.

Drosophila cells were incubated for 48 h at 37 and°@5 GAL4-Spl expression plasmid (Fid3) total RNAs were isolated
respectively and then total cytoplasmic RNAs were isolated by and analyzed by primer extension. (It should be noted that Bigure
Nonidet P-40 lysis metho@®). Promoter strengths were analyzedwas derived from a much longer exposure than Fitlyreesulting
by primer extension, using 30g RNA and a 20 nt primer in the appearance of unactivated transcription signals.)

complementary to a HSV-TK sequen&)( Interestingly, when the same reporter plasmids were tranfected
into theDrosophilaSL2 cell line in the absence and presence of a
In vitro transcription well-characterized Sp1 expression plasmid (pPaéStie relative

) . ) , ) promoter strengths observed were strikingly different from those
In vitro transcription reactions with nuclear extracts derived frogpseryed in the human cells. Although the transcripts directed by the
Hela cells oDrosophllaembryos_ (a kind g.|ft from Dr Al Courey, TATA and TATA-Inr promoters were easily detectable (FiG,
UCLA) were performed as described previoud§;§2) exceptthe  |anes 2 and 4), the transcripts directed by the Inr promoter were
reactions wittDrosophilaextracts were incubated at"Zl Each  ngetectable (lane 6), even with long exposures (data not shown).
reaction contained 300 or 500 ng template anditpextract. The selective inability of Sp1 to activate Inr-mediated transcription
RNA transcripts were analyzed by primer extension as describ@ghs confirmed by transfection of SL2 cells with increasing
(32). TFIID-depleted extracts were prepared by heat treatment gfncentrations of the reporter plasmid (Fgor with increasing
Hela extracts at 4T for 20 min @83). The epitope-tagged concentrations of the Spl expression plasmid (data not shown). In
human an@rosophilaTFIIDs were isolated by immunoaffinity more than 20 experiments a specific primer extension signal has
chromatography as describ&d,34). never been detected with the Inr reporter plasmid, despite

consistently strong signals with this reporter in human cell lines.

RESULTS Similar results were obtained following transfection of SL2 cells
with an expression plasmid for Sp3, a human protein that is closely
related to Sp1 and that binds to the same DNA sequence element
(35; data not shown).
The human Spl protein efficiently activates transcription in The inability of Spl to activate transcription from the Inr
mammalian cells from synthetic promoters containing multiple Sppiromoter could result from a defect in the Inr element itself or
binding sites and either a TATA box, an Inr or both TATA and Infrom a defect in the ability of Spl to activate Inr-mediated
elements10,15,28,32). This result is reproduced in Figdr&. In  transcription. To distinguish between these possibilities a fusion
addition, a protein containing the GAL4 DNA binding domainprotein containing the GAL4 DNA binding domain and a
fused to full-length Spl stimulates transcription of reportetranscriptional activation domain from tlirosophilaftz gene
plasmids containing multiple GAL4 binding sites upstream of thevas expressed iBrosophila SL2 cells £9,30). This protein
TATA, Inr or TATA-Inr core promoters1(). This result is efficiently stimulated transcription from the Inr promoter and the
reproduced in Figur&B. The reporter plasmids used for theseTATA-Inr promoter, but less efficiently from the TATA promoter
experiments contain multiple upstream binding sites for Sp(Fig. 1D). Preferential activation of Inr-mediated transcription
(Fig. 1A) or GAL4 (Fig. 1B) upstream of the three different core has been observed previously in human cells with the isolated
promoters (Figl, bottom) and a HSV-TK reporter gene. Forty glutamine-rich domains of Sp1@) and with the EIf-1 transcription
eight hours after transfection of human 293 cells with the reportéactor (36), but the mechanism underlying this preferential
plasmids alone (FiglA) or with the reporter plasmids and a activation remains unknown. Nevertheless, efficient activation of

Spl cannot efficiently activate transcription inDrosophila
cells from an Inr-containing promoter
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Figure 3. Similar properties of TATA and Inr elementDrosophilaand HeLa nuclear extracté)(In vitro transcription reactions were performed in nuclear extracts
from Hela cells (top panel) @rosophilaembryos (bottom panel). RNA products were analyzed by primer extension. Core promoters tested included a TATA box
alone (lane 1), TATA-Inr (lane 2), a reverse TATA sequence, TTTATA, upstream of an Inr (lane 3), a weak TATA sequence,Up&ira&a@, of an Inr (lane 4) and

a GC-rich sequence (see Fig. 1) upstream of the Inr (lane 5). cDNA products were 70 (lane 1) or 79 nt (laBeh248). feactions with promoters containing
variable spacing between TATA and Inr were performed in HeLa (top pabesmphila(bottom panel) extracts. Plasmids tested included a TATA box alone (lane 1)

or TATA and Inr elements separated by 25, 30, 35, 40, 20 or 15 bp (lanes 2—7 respectively).

Inr-mediated transcription by the GAL4—ftz activator suggests théietween the TATA and Inr elements varied from experiment to
the Inr element functions perfectly wellrosophilacells. Taken experiment (Fig3A, lane 2; see also Fi@B, lanes 1 and 2).
together, these results suggest that a species-specific defect inSpecific transcription in both extracts was also directed by
Sp1 activation mechanism is responsible for the inability of Sp1 faromoters containing the TdT Inr element downstream of weaker
activate the Inr promoter in SL2 cells. TATA sequences, one containing a reverse consensus TATA box,
TTTATA (Fig. 3A, lane 3), and the other containing the sequence
CATATG (Fig.3A, lane 4). Very little transcription was directed by
the promoter containing the TdT Inr element downstream of the
The results in FiguréD suggest that the TdT Inr functions properly G/C-rich sequence used for the experiments in Fify(ireg. 3A,
in Drosophilacells. To confirm this hypothesis other properties ofane 5).
the consensus TdT Inr element were compared in human andinother established property of TATA and Inr elements is that
Drosophilacells. To rule out potential contributions from specificthe synergy between them is dependent on spa8ifjg As
activator proteinsin vitro transcription experiments in nuclear previously reported3(), strong synergy was observed in HelLa
extracts from HelLa cells aridfosophilaembryos were employed. extracts when the two elements were separated by 25 bBEFig.
Unlike transfection experiments, thén vitro transcription top panel, lane 2; the 25 bp refers to the distance from the TATAAA
experiments are sufficiently sensitive for detection of basaequence to the transcription start site), but synergy was not
transcription directed by the isolated core promoter elements. observed when the elements were separated by 30, 35 or 40 bp
Figure 3A reveals that the basic properties of TATA and Inr(Fig.3B, top panel, lanes 3-5). Furthermore, as previously reported
elements are comparable in nuclear extracts Bavaophilaand  (31), strong synergy was retained in HeLa extracts when the TATA
man. In both extracts the promoter containing the isolated TATANd Inr elements were separated by 20 or 15 bp3idgop panel,
box led to the expected 70 nt cDNA product (Big, lane 1; see lanes 6 and 7). These same properties were obse®asophila
also Fig.3B, lane 1). [The bands above and below the specifiextracts (Fig.3B, bottom panel), confirming that the synergistic
TATA signal were observed in previous experimefify and are  properties of TATA and Inr elements are similaiDrosophila
believed to be non-specific background bands.] The TATA—Inand man.
promoter yielded the expected 79 nt product in both extracts The evidence that the consensus TdT Inr functiobsasophila
(which is 9 nt longer than the 70 nt cDNA product because of theells is consistent with previous studies, which revealed that the
9 bp Inr insertion). The TATA-Inr promoter was stronger than th®rosophila Inr consensus sequence is very similar to the
TATA promoter in both extracts, although the degree of synergmammalian consensus. THerosophila Inr consensus was

The TdT Inr functions in Drosophilacells
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Figure 4. Sp1 activation irDrosophilacells requires a strong TATA boXA) Reporter plasmids containing Sp1 binding sites upstream of the core promoters shown
at the bottom were transfected into human 293 cells. RNA products were analyzed by primer egfisienmeporter plasmids containing Sp1 binding sites, an Inr
and variable upstream sequences were co-transfect&@iastaphilaSL2 cells with the pPacSp1 expression plasmid. RNA products were analyzed by primer extension.

originally proposed by sequence comparisons of the start skeinctional domains of Spl required for activation of TATA
regions from numerou®rosophila promoters §7) and by a and TATA-Inr promoters

demonstration thaDrosophila TFIID selectively binds to this
consensus sequencg8). More recently we showed that the
functional Inr consensus sequence®msophilaand man are
indistinguishable, using ann vitro transcription assay in
Drosophilaembryo extracts with core promoters that contain
TATA box and numerous Inr mutantsdj. Taken together, these
results suggest that the inability of Spl to activate Inr-mediat
transcription in Drosophila cells does not result from a
fundamental difference in human acbsophilalnr elements.

Our original goal in studying Spl iDrosophila cells was to
develop an assay for defining the Spl domains required for
activation of TATA- and Inr-mediated transcription. The results
?escribed above demonstrate that we cann@ras®@philacells
or this purpose. However, since the Inr enhances Spl-activated

nscription when the core promoter includes a TATA box, the

pl domains required for activation of the TATA promoter can be
compared with the domains that allow the Inr to enhance
TATA-mediated transcription.

Figure5 shows the relative strengths of the TATA and TATA-Inr
promoters when activated by several Sp1 mutéyits)( In general,
the effects of these mutations with the Spl-TATA-Inr and
Spl1-TATA promoters were similar to the effects observed
- . ) previously with reporter plasmids containing multiple Spl sites
The results in Figurel reveal that Spl efficiently activates upstream of natural core promoters with TATA boxed3).
transcription inDrosophila cells from a promoter containing a Interestingly, with each of the mutants the ability of the Inr to
consensus Inr combined with a strong TATA box, but not @nnance promoter strength was not strongly affected. For example,
consensus Inr lacking a TATA box (FIigC). These results suggest yg|ative to wild-type Spl thAB mutation resulted in enhanced
that a strong TATA box is required for Sp1 activation. An altemat'v?ranscription from both promoters, with strong Inr activity
explanation, however, is that the G/C-rich sequence which replaggsintained (Figs, compare lanes 3 and 4 with 5 and 6). Strong Inr
the TATA box in the —25 region of the Inr promoter strongly inhibits, ity was also maintained with mutations that had little effect on
function of the Drosophila transcription machinery during nromoter strength (e.4A1 andABn), as well as with mutations that
Spl-activated transcription. To distinguish between  thes@qced promoter strenghW42, M21,ADc andAD). [As expected,
possibilities promoters containing different sequences between —g4ne of the Spl mutants stimulated transcription from the Inr
and —33 were analyzed in human &masophilacells (Fig.4). AS  yromoter (data not shown)] These results suggest that the Spl
previously reported 28), all of the promoters direct efficient gomains required for TATA-mediated transcription cannot be
activated transcription following transfection into human 293 Ce"@istinguished from the domains required for Inr activity in a

(Fig. 4A). The strengths of these promoters roughly correlate WitBromoter that also contains a TATA box.
the affinities of their upstream sequences for TBH. (n striking

contrastProsophilacells supported Spl-activated transcription onlyl-
from the promoter containing the strong consensus TATA box
(Fig. 4B). These results demonstrate that the inability of Spl t®he results presented above demonstrate tHatosophila cells

activate Inr-mediated transcriptionDmosophilais not restricted to  Spl cannot activate transcription of a TATA-less promoter, even
promoters containing upstream regions with a high G/C contentthough the Inr element within this promoter is functional. These

Transcriptional activation by Sp1l in Drosophilacells requires
a strong TATA box

FIID contributes to the species specificity of Spl activation
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results could reflect an inability of a domain of Spl to be properlgromoters, but transcription was not detected with the Spl-inr

modified when expressediosophilacells. Alternatively, it could promoter (lanes 9-12).

reflect the absence of an essential event during Sp1 activation thathese results reveal an interesting species-specific difference

involves theDrosophilageneral transcription machinery. The TFIID between the human afdlosophilaTFIID complexes. The most

complex is an attractive candidate for the ‘defective’ component dikely explanation for this difference is tHatosophilaTFIID is

the Drosophila general transcription machinery because of itsinable to support Spl activation of the Inr promoter. Because we

important role in mediating transcriptional activatidi)( are unable to detect significant basal transcription from the Inr
To determine if TFIID is involved in the species specificitypromoter in HelLa cell extracts, however, we cannot completely

observed, we employed @mvitro complementation assay. HelLa rule out the possibility tharosophilaTFIID possesses a more

nuclear extracts were depleted of TFIID activity by a standardeneral defect in supporting Inr activity. Nevertheless, based on

procedure, which involves heat treatment afC7(33). As thein vivo evidence that th®rosophiladefect is specific for

expected, the heat treatment abolishes the extract’s ability to supgortmediated transcription stimulated by Spl,itheitro defect

transcription (Fig6, lanes 1-4). When highly purified human TFIID is also likely to be specific for Spl stimulation.

(18,19) was added to the extract strong transcription from the four

promoters containing Spl binding sites was restored (lanes 5-8)scussioN

The relative promoter strengths obtained were similar to those

routinely observed with crude nuclear extrat$15). In contrast, The data presented in this manuscript demonstrate that a vertebrate-

when purifiedDrosophilaTFIID was added to the extracts strongspecific interaction involving TFIID is essential for Spl activation

transcription was detected with the Sp1-TATA and Sp1-TATA-Inof a TATA-less promoter. Although several models could explain
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Figure 5.Relative abilities of Sp1 mutant proteins to activate transcription from the TATA and TATA-Inr promoters. Transientdraagfeiments were performed
in DrosophilaSL2 cells with reporter plasmids containing multiple Sp1 binding sites upstream of TATA (odd numbered lanes) and TATA-Rnm{@ed lanes)
core promoters. An expression vector lacking an insert (pPacO0, lanes 1 and 2) or containing wild-type or mutant Spllaagaehes; plasmid indicated below
each lane) were introduced by co-transfection. Background bands were detected on these gels below the 75 nt TATA cDMA phahecttee 84 nt TATA-Inr
cDNA product. At the bottom the wild-type and mutant Sp1 proteins are depicted schematically, with activation domains atef) indic
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Figure 6. Species-specific activation of TATA-less promoters by Sp1 involves THilitro transcription assays were performed with HeLa cell extracts that had
been depleted of TFIID activity by mild heat treat élﬁ?) Plasmids containing Sp1 binding sites upstream of four core promoters were tested in the TFIID-depleted
extract alone (lanes 1-4) or supplemented with purified epitope-tagged human TFIID (laneDseSpmhilaTFIID (lanes 9-12).

this finding, an attractive hypothesis is that a specific interactioactivity. We also have not determined whether other components
between Spl and human TFIID is non-functional Witbsophila  of the transcription machinery are involved in the essential
TFIID. Since three different interactions between Spl and TFlIBpecies-specific function. To gain insight into this quegtiatitro
have been described,20-23), a defect in any one of the transcription experiments with human TFIID addeBtosophila
interactions could explain the results. An alternative hypothesis éxtracts must be performed. UnfortunatBlggsophilaextracts do
that theDrosophilaTFIID complex lacks a domain or subunit which not support efficient activation by Spl or other activators, but
carries out an essential interaction with another general transcripti@ther support anti-repression (data not shown).
factor or which stabilizes the TFIID-DNA interaction during Spl The results obtained drosophilacells with co-transfected Spl
activation from TATA-less promoters. According to the data thare interesting to compare with the results obtained in mammalian
missing TFIID domain would be critical only during stimulation ofcells with GAL4-Sp1l fusion proteinsl@. In the mammalian
TATA-less transcription by a specific class of activation domaingxperiments the N-terminal glutamine-rich activation domains were
Furthermore, the interaction would not be essential for basal Ifuund to selectively activate transcription from promoters containing
recognition or function or for Inr function during Spl activation ofan Inr element. Activation of promoters containing only a TATA box
a TATA-containing promoter. required fusion proteins with both the N-terminal and the C-terminal
We favor the latter of these two hypotheses because the Sgidmains of Sp11(0). Consistent with the mammalian studies, all of
mutant analysis adds an additional level of complexity to ththe Spl proteins which activated transcription from the TATA-only
former hypothesis. The mutant analysis revealed that the Sp1 Bomoter in Drosophila cells contain both N-terminal and
and A domains are necessary for transcriptional activation @-terminal domains. Interestingly, GAL4 fusion proteins containing
Drosophila We previously showed that either of these domainenly the glutamine-rich activation domains of Spl were inactive
is sufficient for activation of Inr-mediated transcription in humarwith any of the core promoters when expressétasophilacells
cells, when tested as GAL4 fusion proteif§)( Since these (data not shown). Although the reason for the inactivity was not
domains appear to functionrosophilacells, they are unlikely explored in depth, the results are consistent with our expectations;
to contribute to the species-specific defect. It is possible that thetbe glutamine-rich domains appear to require an Inr to function but
domains carry out two critical interactions, one of which canndh Drosophilacells Spl activation through an Inr is defective.
take place when Spl is expressedDimsophila However, The selective inability of Sp1l to activate TATA-less transcription
because of the small size of the Bc domain it seems unlikely i® consistent with a previous study by Pugh and Tjia), (vho
carry out two essential interactions, leading us to favor the secofuind that purified Drosophila TFIID could not support
hypothesis proposed above. Spl-activated transcription from a TATA-less promoter when added
The component of human TFIID that contributes to the&oahumaim vitro transcription assay. That study compared partially
vertebrate-specific activity remains to been established. A smallrified human TFIID to highly purifieBrosophilaTFIID in anin
number of human TAFs have not been founbrimsophila(40)  vitro assay. Since only the human TFIID supported Inr-mediated
and must therefore be considered as candidates. However, anyrafscription, the proposed explanation was that an essential protein
the TFIID subunits may lack a critical domain or possess aoresent in partially purified human TFIID was lost during extensive
evolutionarily diverged domain that cannot impart the essentiglrification of theDrosophila TFIID. The in vivo experiments
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