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ABSTRACT

Contact between a transcriptional activator and one or
more components of the RNA polymerase Il transcrip-
tion initiation machinery is generally believed import-
ant for activators to function. Several different
molecular targets have been suggested for direct
contact by herpes simplex virus virion protein VP16,
including the general initiation factor TFIIB. In this
report we have used several strategies to critically
assess this interaction between VP16 and TFIIB.
Affinity columns of VP16 bound TFIIB activity from
HelLa cell extracts and the binding was reduced by
mutations in the activation domain of VP16. In assays
of direct binding, VP16 bound recombinant human

TFIIB but not Drosophila or yeast TFIIB. Unlike binding

from an extract, however, we found that the interaction

between VP16 and recombinant human TFIIB was not
affected by mutations in VP16 that reduce transactiva-

tion. Point mutations within human TFIIB that reduce

transactivation by VP16 have been shown to reduce
VP16 binding, but we show here that these same
mutations critically affect both the important TBP—

TFIIB interaction and the ability of TFIIB to support
activator-independent basal transcription
Taken together our results suggest more evidence is
needed to support the notion that TFIIB is a functionally
important target for the activator VP16.

INTRODUCTION

in vitro .

Within the RNA polymerase Il transcription initiation com-
plex, a plethora of putative targets has been suggested for direct
contact by the activation domainsaié-binding positive acting
transcription factors. The earliest studies had suggested that the
TFIID fraction was a target of several activatér§)(and both the
TATA binding protein (TBP) {,8) and certain of its associated
TAF polypeptidesq,10) have since been shown to be capable of
direct binding to an increasingly large number of proteins with
diverse activation domainsl¥-22). In vitro interactions of
activators with other polymerase Il general initiation factors have
also been reported. A number of activators bind the initiation
factor TFIIB 23-27) and the multi-component factor TFIIH has
also been implicated as a target for several activai@s (
Furthermore, the potential targets for activators are not limited to
just the minimal components required for basal level transcrip-
tion. In yeast cells the ADA2 protein, identified genetically as a
co-activator 29), has been shown to hind to the acidic activation
domain of VP160). In mammalian cells another factor, PC4,

a component of the USA fraction required for efficient activated
transcriptionin vitro, also appears capable of direct activator
contact 81). While this multiplicity of potential targets for
activators may be indicative of a complex and dynamic exchange
of interactions resulting in more transcription initiation by RNA
polymerase Il 4), evidence supporting a role within cells for
some of these interactions detectedvitro is either entirely
incomplete or is lacking. Furthermore, the concept of an ordered
multi-step pathway for the initiation of transcription by RNA
polymerase Il with the potential for having several rate limiting
steps in the formation of the initiation complex accelerated by
activators $2,33) has been challenged by evidence that a large
multi-component RNA polymerase Il holoenzyme complex may

Transcriptional activator proteins regulate the expression pfe-exist within cells34-37).

genes in eukaryotic cells that are transcribed by RNA polymeraséNork with the acidic activator VP16 from our laboratories

Il. These activator proteins often contain separable domains, gmevided the first evidence of direct activator—TBP interactions
for site-specific binding of DNA and others for transcriptional7,8). Our initial reports, however, seemed to be at variance with
activation (,2). Activation domains function even when attached/ery similar experiments suggesting that TFIIB rather than TBP
to the DNA binding domain of a heterologous protein. They anwas an important target for VP183(38). Because apparently
believed to make contact with the RNA polymerase |l transcrigghifferent results were obtained with ostensibly similar experi-
tion machinery and effect the assembly and/or the activity of theents, we have now re-examined the interactions between VP16

transcription initiation complex3(4).

and the TFIIB polypeptide from humabrosophilaand yeast
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cells. Our results suggest that if TFIIB is indeed an importamt vitro protein binding assay
target of this particular activator, it is so only in mammalian cells.
We also show that mutations within the activation domain gf

oy . - ds at 0.05, 0.5 and 2 mg/ml in buffer A [20 mM Tris—HCI
VP16 or within the putative target human TFIIB that result i ea ' S . '
reduced levels of activated transcription either do not affect t e2 mM EDTA, 1 mM dithiothreitol (DTT), 1 mM phenylmethyl-

VP16-TFIIB interaction or they alter additional importamsulfolnyrI]fluolrlclie,_0.5 TIIIVI benza;}m;c&ne hydrochloride inﬁﬂmﬁ .
protein—protein interactions within the transcription initiationtosyr'gl_l:el?g aanlrlle dCb oré)met y p etone] .?gntalr:jlnﬁ;  Natl.
complex. Taken together, our results suggest that more comp f _I buff —coupg ea swege Irst eguu rated three times in
ling evidence is still required to support the notion of TFIIB as Vo L(’, er B (40 mM HEPES, pH 7.9, 5 mM ng mM
target for the activator VP16. TT, 0.5% NP-40 and 100 or 150 mM KCI) for 1 h. Aliquots of
20 pl of these beads were incubated with #¥-labeled
GAL4-VP16 proteins in 8Qul buffer B containing 100 or
MATERIALS AND METHODS 150 mM KClI for 1 h and finally washed three times with 200
buffer B. The beads were subsequently boiled in gel sample
buffer and the eluates were resolved by SDS—PAGE and
The bacterially expressed RNA polymerase |l initiation factorgonitored by a phosphoimager (Bio-Rad) or by autoradiography.
yeast TBP $9), human TBP 48) and Drosophila TBP (40),
human TFIIB 41), yeast TFIIB 42) andDrosophilaTFIIB (43),  Transcription initiation assay
human TFIIF 44) and the GAL4-VP16 derivativeés) were
prepared as previously described, as were protein A (pA)-VP
(7) and GST-TFIIB fusion proteing!§). The human TFIIB

uman TFIIB fused to GST was bound to glutathione—Sepharose

Protein purification

1@'tiation of transcription was performed on a synthetic template
containing Ad2ML promoter sequence with a single-stranded

: - bubble from nucleotides -9 to +31j. The template was
mutants R185E/R193E and K198E/K20@E)(kindly provided . . .
by D. Reinberg), along with wild-type Eh)l(J(many'IPFIIB, Weremcubated with wild-type or mutant human TFIIB, yeast TBP,

. , e uman TFIIF, calf thymus RNA polymerase $#7]CTP and the
expressed in BL21 (DE3) cells with a 10 histidine N-terminal tigrimer dinucleotide CpA for 25 min at23. RNA trimers were

after subcloning TFIIB cDNAs into pET19b (Novagen) an o ; . -
purified on N2*-NTA columns (5). Human TFIIB proteins analyzed on an 18% polyacr_ylamlde denaturing gel containing
' 7 M urea as previously describédl

were further purified on a 0.5 ml heparin coluni®)( All
purified proteins were dialyzed against affinity chromatograph&E SULTS

buffer (7) containing 0.1 M NaCl and stored at <@0 Highly

purified calf thymus RNA polymerase K1) was kindly VP16 affinity columns retain both human TFIID and TFIIB
provided by M. Sopta. HeLa nuclear extract fractigi@ Were i ) . .

kindly provided by D. Fitzpatrick and heat-inactivated nucleafhe first experiments identifying targets amongst the RNA

extract was prepared as previously repod&} ( polymerase Il initiation factors contacted by the potent acidic
activator VP16 implicated both TFIID and TFIIB as potential

targets. In one set of experiments, TFIID activity was depleted by
passage of HelLa cell nuclear extracts competeninfeitro

Affinity chromatography columns of pA and pA-VP16 deriva-transcription over columns of immobilized VPI®; {n another

tives were prepared and used as previous|y descﬁhed ( TFIIB activity was depleted26). The abl'lty of these afflnlty
columns of VP16 to quantitatively remove any particular

initiation factor may depend upon salt and ligand concentrations,
upon the bed volume of the columns and also upon the relative
In vitro transcription assays using as template DNA a G-ledgvels of particular initiation factor activities, which undoubtedly
reporter cassette driven by the adenovirus 2 major late (Ad2MKary amongst different extract preparations. Rather than assess
promoter were performed essentially as described previousihether initiator factors are depleted by chromatography of an
(7,29). extract over VP16, we have now monitored the ability of
wild-type and mutant VP16 columns to retain a portion of either
TFIIB or TFIID activity. TFIIB activity in column eluates was
assessed in a reconstitutedvitro transcription system using
TFIIB-TBP complex formation between yeast TBP and humapartially fractionated HeLa cell components. TFIID activity was
TFIIB proteins was analyzed by an electrophoretic mobility shifassessed using heat-treated (TFIID-deficient) HelLa nuclear
assay %0). A 32P-labeled probe containing the TATA element ofextracts 49). As shown in Figurel (lanes 1-3), these assay
the Ad2ML promoter from —53 to +33 (a gift from B. Coulombe)systems show a near complete dependence upon the addition of
was used. DNA binding reactions were performed for 30 min &ither TFIIB or TFIID (TBP). A comparison of lanes 4 and 7
30°C and resolved on a 4% polyacrylamide gel in Tris—glycinéndicated that the eluate from the wild-type pA-VP16 column,
buffer G0) lacking EDTA. but not the control pA column, contained both TFIIB and TFIID
activities. Consistent with results reported earlier by Lin and
Green for TFIIB 23) and Inglet al (8) for the TBP component

of yeast TFIID, the ability of VP16 to bind TFIIB or TBP was
355-Labeled GAL-VP16 proteins were synthesized by a coupledduced by mutations in the activation domain of VP16.
transcription—translation procedure or by transcribing RNA frorfruncation of the activation domain to amino acid 456 reduces
a T7 promoter and then using this RNA ifowitro translation transactivation by VP16 0% when assessed in murine cells
reactions in a rabbit reticulocyte lysate system (Promega).  with the herpes virus ICP4 promot&f) and to an undetectable

Affinity chromatography

In vitro transcription assay

Electrophoretic mobility shift assay

In vitro translation of [3°S]methionine-labeled proteins
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level when measuring GAL4-VP16 activation with a reporter
having only a single GAL4 binding sité3). Within the context

of a full-length activation domain, substitution of Phe with Pro at
position 442 moderately reduces transactivation by VBA6 (
When combined with the truncation to position 456, this FP442
mutation completely inactivates transactivation by VB26&().

As lanes 5, 6 and 8 of Figuténdicate, the ability of these mutant
forms of pA—VP16 to retain either TFIIB or TFIID activity was
very similar. Truncation to position 456 markedly affected
binding of both factors, as did the RhBro mutation at 442 in
full-length VP16. In the context of truncated VP16, the FP442
mutation completely prevented retention of either factor. This
correlation between transactivation actiuityivo and initiation
factor bindingin vitro argues that these interactions could be column eluate added
important during the activation of transcription. These experi-
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ments do not, however, address whether these activator—initiation g )
factor interactions are direct or are mediated by one or more of the 5 i
components present in the HelLa cell extracts loaded on these it 8 = E E

Human TFIIB, but not Drosophilaor yeast TFIIB, can
bind directly to VP16

To examine whether the retention of human TFIIB by immobil-
ized VP16 was the result of a direct interaction between VP16 and 1 2 3 4 5 B 7 B

TFIB, human TFIIB was produced in and purified from

Escherichia colicells @1). For these affinity chromatography

experiments we used truncated derivatives of the activatiofigure 1.Both TFIIB and TFIID activities in HeLa cell extracts interact with
domain of VP16 the effect of mutations at position 442 or.{he activation domain of VP16. The ability of wild-type and mutant forms of

. - . . he activation domain of VP16, expressed as pA fusions and covalently coupled
transcription being more marked in this context. When the P P y couP

g ! 0 Affi-Gel 10 matrices at 1.2 mg/ml, to retain either TFIIB or TFIID activities
concentration of ligand VP16 on the columns was >2.0 mg/ml gresent in a HeLa cell extract was assessed by monitoring transcription initiated
significant portion of the recombinant human TFIIB was retainedht the Ad2ML promoter on plasmid pML(C2AT)-50imvitro transcription

by the columns. The 0.1 M NaCl wash fractions eluted some /stems that showed a dependence on addition of either P5Id& TFIID

s . B). HeLa whole cell extract (2.7 ml) (7) was chromatographed on 0.07 ml
the TFIIB, but the majority of applied TFIIB was only eluted by gﬁ)inity columns containing F()A, pA)_\(,P)]M%’ pA_VPfGAstG_FPMZ’

the 0.6 M NaCl step (E in FigA). While the mutations in VP16  pa-vp16 (wild type) or pA-VP16-FP442 (lanes 4-8 as indicated). TFIIB
that reduced transactivation did markedly affect the recovery aictivity (A) was assessed by adding eithgrd a human TFIIB fraction (lane
TFIIB when unfractionated Hel.a cell extracts were applied to the), 0 o ne 102 mixture containing the partaly purifed
columns (Fig1), these mutations in VP16 had no effect on thefi * =% 5 (08 T e e B8 e IR and. caif ?hymug RNA
.bmd.'ng of pu.“f'e.d recombinant human TF”B; The data ShOwr'polymerase 1. TFIID activity (B) was assessed by supplementing a heat-treated
in Figure 2A indicates that the VP16 derivativ&56-FP442,  TFiID-deficient HeLa nuclear extract (49) with either 25 ng recombinant
which is completely defective in transactivation and failed tohuman TBP (lane 3) or @l aliquots of the different column eluates. The
interact with TBP§), bound human TFIIB just as well as did the det‘?‘?”d?”ci of thlese t‘g’o.”azsc”péio’é systems of adAded TF”E’. o Tt';”D
matrix made with the corresponding wild-type but truncatecggé‘i't'itg'n'(S)fsthg";géfi‘f?ceanj i'r:}tigtgdagan(sc)ri;?pec IVely. ATOWS indicate the
derivative, a result similar to that reported by Goodrict (10).
The effect of other missense mutations at the 442 position is
similar. Changes from Phe to Ala or Ser, which markedly
compromised TBP binding) and the transactivation potential required to bind human TFIIB or lower ionic strength, somewhat
of VP16 62), had no effect on the binding of human TFIIB (datamore of theDrosophilaand yeast TFIIB bound to VP16, but this
not shown, but see Fig). In the context of a full-length activation binding was still unaffected by the FP442 mutation (data not
domain, the mutations at position 442 were also without effect @mown).
the binding of recombinant human TFIIB (data not shown). These preparations of purified recombinant TFIIB from
Since the activation domain of VP16 functions as a poteuifferent species appear equally active in other assays. First, we
activator of transcription in a variety of eukaryotic species, wassessed the ability of these recombinant TFIIB polypeptides to
also asked if VP16 would bind purified recombirardsophila  form a complex in a TBP-dependent fashion on an oligonucleo-
or Saccharomyces cerevisia€lIB. As indicated in Figur@A,  tide containing a TATA box. An electrophoretic mobility shift
however, only a very minor portion of the appRrdsophilaor ~ assay (EMSA) witt®2P-labeled Ad2ML promoter DNA was
yeast TFIIB was retained by VP16. The amount of TFIIB boundsed £0). Consistent with results reported by others, we observed
was equivalent to that bound to the control pA matrices (data rnibiat TFIIB from each of these species can form a ‘DB’ complex
shown) and this residual binding was unaffected by the FP44ath the yeast TBP polypeptide (FigB). Titrations with
mutation in VP16. When these binding experiments wercreasing quantities of each TFIIB preparation indicated that
conducted at either ligand concentrations greater than ththere were no significant differences in the relative activities of
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Figure 3.Immobilized GST-human TFIIB binds equally well to wild-type and
mutant forms of VP16 expressed as GAL4-VP16 fusion proteins. GST-TFIIB
was bound to glutathione—Sepharose beads at 0.5 mg/ml ghdli2@ots of
these beads were then incubated with the indicateditro translated

DB [3%S]methionine-labeled GAI49VP16 derivatives. Fifty percent of the
unbound protein (U/B), 25% of each of two washes with buffer containing 100
mM NaCl and all of the bound protein (B) were resolved by SDS-PAGE and
analyzed by autoradiography.

and analyzed by SDS—PAGE. A ligand concentration of 0.5 mg/ml
GST-TFIIB was required to obtain significant GAL4-VP16
binding. With this ligand concentratiol30% of the input
GAL4-VP16A456 was bound by GST-TFIIB. We then tested
Figure 2. (A) Both wild-type and mutant forms of the activation domain of the effects of various mutations in VP16 at amino acid 442. As
VP16 bind directly to human TFIIB but not Brosophilaor yeast TFIIB. shown in Figure3, the Phe to Pro or Ser changes, which
Recombinant forms of humamrosophila and yeast TFIIB (2ug) were completely inactivate the transactivation potential of VB2 (
chromatographed on 1QI affinity columns of wild-type but truncated  Kad no effect whatsoever on the binding of GAL4-VP16 to

(PA-VP16A456) and mutant (pA-VP18456-F442P) matrices coupledto a . ;" .
ligand concentration of 3 mg/ml. Equivalent aliquots of the flow-through (F/T), immobilized human TFIIB. The conservative FY442 change,

0.1 M NaCl wash fractions (2-4) and the 0.6 M NaCl eluate fractions (E) weraVhich permits a moderate level of transactivatiif), (also had

analyzed by SDS—-PAGE and silver-stainiBy Recombinant forms ofhuman, no effect on binding of GAL4-VP16. Increasing the salt

compio. An EMSA was tsed to assess the abily of the indicated amounts Gorcenraion 1 0.15 M reduced the binding of these

ft?e gigerent TFIIB preparations to bind with ytgast TBP t8Rlabeled %AL4._VP16 derivatives to .GST_TF”B’ but still no effect of the

oligonucleotide containing the Ad2ML promoter TATA box. mutations in VP16 was evident (data not shown). The lack of
effects of these mutations in VP16 on binding to immobilized
human TFIIB is consistent with the data presented in FRAIre

each of these polypeptides in this assay system. Secondly, tiséhg immobilized VP16.

recombinant human aridrosophila TFIIB preparations were

also found to be active in reconstituedvitro transcription  Pleiotropic effects of mutations in the VP16 binding

assays, with 10 ng of each protein being sufficient to suppaibmain of TFIIB

comparable levels of activator-independent transcription in a . ) )
HeLa cell-derived system (data not shown). A VP16-interacting region of human TFIIB has been shown by

analysis of deletion clones of human TFIIB to map between
Binding of GAL4-VP16 to immobilized TFIIB amino acids 178 and 2046). This same region of TFIIB has,

however, also been shown in several studies to be important for
As the mutations in VP16 at position 442 had no effect on thateraction with TBPE5-57). Missense mutations in this region
ability of immobilized pA-VP16 to directly bind human TFIIB, of TFIIB have been shown to affect binding to VP46)(We
we decided to examine these interactions another way. Sinchave now carefully analyzed the effects of two different double
direct interaction between human TFIIB and the activatiopoint mutations in human TFIIB used in these earlier studies. As
domain of VP16 has also been detected when the TFIIB proteigported by Robertst al (46), we too found that recombinant
rather than VP16 is immobilized!), we purified a similar human TFIIB proteins containing either the R185E/R193E or
GST-human TFIIB chimeric polypeptide and bound it tdK189E/K200E mutation were defective in binding to VP16 (data
glutathione—Sepharose beads at several ligand concentratiom®. shown). However, since other charge-change mutations in
The GST-TFIIB-containing beads were then incubated witthis region of theDrosophila TFIIB protein compromised the
35S-labeled GAL4-VP16 derivatives, washed and finally TFlIBinteraction between TBP and TFIIB6) and crystallographic
bound GAL4-VP16 was eluted by boiling in gel sample buffestudies of a TFIIB-TBP—DNA complex indicate that this region
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Figure 4. Mutations in the human TFIIB protein that compromise the response
to the activation domain of VP16 are also defective in forming a TFIIB-TBP
complex on promoter DNA. EMSAs with the indicated proteins were used to
assess the formation of a complex of wild-type (lanes 3—6) and mutant forms
of human TFIIB (lanes 7—10 and 11-14) with the yeast TBP polypeptide on a
32%p_labeled oligonucleotide containing the Ad2ML promoter TATA box
sequence.
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of TFIIB contacts TBPH7), we also assessed the ability of these _ o
particular mutant forms of human TFIIB to interact with TBP. AsFi9ure 5. The R185E/R193E and K189E/K200E mutations in human TFIIB

. affect activator-independent initiation of transcription. Increasing quantities of
assessed by forr_natlon Of a TFlIB-TBP complex on AdZMLWiId-type (lanes 1-4) and mutant TFIIB protein (lanes 5-16) were used with
promoter DNA (Fig4), addition of as much as 100 ng of each of calf thymus RNA polymerase II, yeast TBP and human TFIIF in assays of
these mutant forms of TFIIB failed to make a stable complex witlabortive initiation (51) on a template containing the Ad2ML promoter sequence
TBP. In contrast, formation of a readily detected TEIIB=TBPWith a mismatched bubble from nucleotides —9 to +3 (51).37mdabeled

RNA trimers were resolved by 18% urea—PAGE, analyzed by autoradiography

complex on DNA was possible with as little as 25 ng of W|Id-type(A) and then quantitatecB) by phosphoimaging. Wild-type TFIIB,

TFIIB. R185E/R193E TFIIB,J; K189E/K200E TFIIB#.
These double mutations, R185E/R193E and K189E/K200E, in

human TFIIB were reported to be selectively defective in

activated but not basal transcriptiod6) In view of our different conclusions reached with the rather similar experimental
observatlop thatthe TBP-TFIIB interaction was compro'm|sed kbfotocols used by Stringetal (7) and Lin and Greer2) in the
these particular TFIIB mutations and the general belief thatjgentification of targets of the acidic activation domain of the
TBP-TFIIB interaction is important for initiating transcription byherpes simplex transactivator VP16. We now have shown, in
RNA polymerase 1141,50), we next assessed the ability of thesgygreement with the initial report of Lin and Greés)( that
mutant forms of human TFIIB to function in transcriptionTEID and TEIIB activities can both be retained by affinity
initiation. For these experiments we used a very sensitive ass@fumns of immobilized VP16. The retention of both these
of transcription initiation, quantitating the formation of RNA nitiation factors was markedly reduced by several mutations in
trinucleotides on an Ad2ML promoter template containing e activation domain of VP16 that reduce its transactivation
DNA mismatch bubble from nucleotide positions -9 t0583.(  potential. Whether TFIID or TFIIB is quantitatively depleted by
Synthesis of RNA trimers in this system is dependent only upgisssage over VP16 may simply be a reflection of the particular
addition of RNA polymerase Il, TBP and TFIIB and is stimulate@hromatographic conditions (e.g. ligand and salt concentrations
by TFIIF. As shown in Figur®, addition of 25 ng of the wild-type  and column volumes) and the relative concentration of each
TFIIB polypeptide permitted a maximal level of transcriptionfactor in different extract preparations. The binding of these
With the R185E/R193E and K189E/K200E mutant forms ofnitiation factors to immobilized VP16 need not be direct,
human TFIIB, however, addition of between 100 and 300 ng gfowever. Documented factor—factor interactiob®) @nd the
TFIIB was required to approach similar levels of transcriptecent reports of the existence of polymerase Il holoenzyme
initiation. These data, taken together with those reported Rmplexes containing many of the polymerase Il initiation factors
Robertset al (46), indicate that the effects of these particulai34-37) raise the possibility that certain activator—initation factor
mutations on TFIIB function are multiple. An interaction withjnteractions could indeed be indirect.

VP16 and the response to this activator may well be compro-To examine this issue, different polymerase Il initiation factors
mised, but so too is the important interaction between TFIIB anghye been either highly purified or expressed as recombinant
TBP. As a result, both the basal level, aCt'_VQtOV‘lndepe”degioteins. Our experiments with recombinant human TFIIB
transcription and activator-dependent transcription appear to pggely confirm the observations of Lém al (38). Immobilized
adversely affected by mutation of this TBP- and VP16-interactingp16” bound TFIIB and, as reported by Robettsal (46),

region of TFIIB. immobilized TFIIB can bind the chimeric activator
GAL4-VP16, albeit only at ligand concentrations considerably
DISCUSSION higher than the 0.05 mg/ml reportedly used by these authors. In

one crucial aspect, however, our results differ in a substantive
The experiments described in this report were undertakevay. While Lin et al, using glutathione—Sepharose-bound
because we felt it was important to more carefully assess &S T-VP16 matrices, did see reduced binding of recombinant
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human TFIIB to a single VP16 mutadg], we found, under a complex at a promoter. In particular, some experiments have
variety of salt and ligand concentrations with both pA derivativeshown that the VP16 activation domain can facilitate the
(Fig.2A) and GST derivatives (data not shown), that not only thisecruitment of TFIIB into the assembling pre-initiation complex
mutation but others in the activation domain of VP16 at th€3,32,60). It is unclear whether this recruitment of TFIIB is a
critical Phe442 residue did not alter the strength of the direconsequence of the interaction of VP16 with TFIIB or with TBP
interaction of VP16 with recombinant TFIIB. Our results ar€32,60). Although a multi-step assembly pathway, with the
similar to those reported by Goodriehal (10) for the FP442 opportunity of having one or more rate limiting steps in assembly
mutation of VP16 when they examined the interaction betwedre accelerated by activators, was for many years an attractive
recombinant human TFIIB and glutathione—Sepharose-boumaodel (32,33), it now appears that much if not all of the
GST-VP16 derivatives. In this respect we also note thaolymerase Il initiation machinery could exist as a pre-assembled
mutations at several other positions within the C-terminal regidmloenzyme %4-37). Contact with one or more components of
of the activation domain of VP16 which contribute to inactivatiorsuch a polymerase Il holoenzyme may help bring polymerase I
of the transactivation potential of VP16 were reported by Walkdéo the promoter in a single step. Recent experiments with yeast
et al (53) to be without effect on the binding of human TFIIBcells bearing a mutation within one component of the holo-
present in a nuclear extract to covalently coupled GSTenzyme, GAL11, argue persuasively for this viéa).(Other
VP16-Sepharose matrices. The lack of effect of these VP$8idies have suggested that, for certain promoters, activators can
mutations on the direct interaction with TFIIB contrasts with théunction by promoting recruitment of TBP to the promoter
marked effects of these same mutations on the binding of VP{®3-65). In this respect it is interesting to note that TBP was
to recombinant TBP8j and TFIIH @8). A correlation between initially reported to co-purify with the polymerase Il holoenzyme
the effects of mutations within a second acidic activation domaif34). Although subsequent preparations of the yeast polymerase
that of the yeast activator GAL4 and binding to yeast TBP has alddoloenzyme did not contain TBP, it is not yet clear whether the
been reportedsQ). GAL4, like VP16 (see Fi@A), was reported absence of either TBP, or certain other of the polymerase I
not to bind yeast TFIIB5Q). initiation factors, reflects tha vivosituation or is a consequence
Correlations between transactivation potential of wild-type an@f the purification procedure. Since both TFIIB and TFIIH are
mutant transactivation domains and the strength of interacti@fiesent within at least one preparation of yeast holoenafine (
between an activator and its targets can help establish the contacts between the activator studied in this report, VP16,
biological relevance of activator—initiation factor contact. Irand either of these initiation factors could lead to holoenzyme
addition, mutations within the putative target(s) within thg€cruitment at promoters. Our data, however, suggests that if
polymerase Il initiation complex may, if their effects are limited/P16 does indeed contact the factor TFIIB within cells, then this
to just the activator—factor interaction, be used to establish tRentact differs from the contact between VP16 and eitherd)BP (
importance of contacts of activators with their putative target§f TFIIH (28) in being insensitive to mutations in VP16 that
Such mutations within both TBB®) and TFIIB ¢6) have been compromise transactivation. Since mutations within TFIIB that
described. These mutations reportedly diminish interaction wifi¢duce the transactivation response to VP16 also critically affect
the activator VP16 and compromise VP16-activated, but néther important functions of this initiation factor, it may be
activator-independent, basal transcripiiovitro. Close examin-  Premature at this time to conclude that direct contact of activators
ation of the published data detailing the selective effect of sevek#th TFIIB is an important aspect of the transactivation process.
missense mutations in human TFIIB on activated transcriptidhshould be noted, however, that thevivo relevance of direct
reveals, however, that the mutant forms of human TFIIB may ng¢tivator—TBP contact has also been questioned recently. The
have been equivalent to wild-type TFIIB in supporting basaqblllty of TBP to interact with activation domalr_13/_|trqwas not
transcription 46). In particular, it seems that with 5 ng of required for TBP to support activated transcriptiowivo (66).
wild-type TFIIB transcription was maximized and that with!f contact between an activator and virtually any subunit of
comparable amounts of the mutant K189E/K200E form of TFIIf0loenzyme can lead to recruitment of RNA polymerase Il to the
equivalent levels of transcription were not attained. The daRfomoter and transcriptional activatiéi¥), there may indeed be
shown in Figures in this report explores this finding in greatermulnple contacts between a strong activator and the transcription
detail. While additions of as little as 25 ng of wild-type TFlIBaPParatus and no one particular contact may be essential for
supported a maximal rate of transcript initiation in our reconstitutedftivation. It seems that if the molecular details of the mechanism
system, additions in the range 100-300 ng of the same two mutghttransactivation are going to be securely established, then
forms of TFIIB used by Robertst al (46) were needed to perhaps the application o_f new and quite different experimental
approach wild-type levels of transcript initiation in our system. A&PProaches may be required.
studies from several laboratories had already indicated, the region
of TFIIB believed to interact with VP16 is also important for
interaction of TFIIB with TBP%5-57). We have now shown that ACKNOWLEDGEMENTS
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