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ABSTRACT: The molecular shapes of transcription factors TFIIB and VP16 have been studied by small-
angle X-ray scattering (SAXS). We interpret the shapes and discuss the implications for the specific
recruitment of these proteins into regulatory assemblies. Human transcription factor TFIIB, a universal
component of the transcription preinitiation complex, has a triangular form resulting from intramolecular
associations between its two principal structural domains. A segment linking the two domains appears to
be conformationally flexible. The solution shape of TFIIB can be well fitted with the crystal structure of
the DNA-bound C-terminal domain together with the NMR structure of the N-terminal domain; however,
the shape cannot accommodate the NMR structure of the isolated C-terminal domain. We discuss how
the conformational differences between the solution structures of the isolated C-terminal domain and the
intact protein might result from interdomain allostery. Docking the SAXS shape of intact TFIIB into the
preinitiation complex suggests that the flexible linker region may contact'tflar&ing region of the

TATA element in the major groove. Transcription rates can be enhanced by activator proteins, and the
classical example is the herpes simplex virus factor VPAGIF), which associates with cellular
transcription factors, including TFIIB. The shape reconstruction of VP16 from its SAXS profile reveals

a globular structural core that can be well modeled by the crystal structure of a conserved, central region
of the protein. However, the carboxy terminus extends from this core and is essentially disordered. As it
makes defined proteinprotein interactions in the activation complex, the flexible segment is likely to
condense upon assembly with its partners.

In eukaryotes and in archaebacteria, the site of transcriptionA VP16
initiation is defined by the activities of complexes of
regulatory proteins that assemble on promoter elements.
These assemblies, known as preinitiation complexes, recruit
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and align the polymerase to transcribe the neighboring gene. DNA sequence recognition and virion assembly m;rgfvr;k;gi"d
The preinitiation complex for genes transcribed by poly-

merase Il forms on a defined DNA site, the TATA element, B TFIIB

and characteristically includes a number of general transcrip- 1 37 110 316

tion factors. One of these, TFIIB, plays a role in defining Znnl linker

. . L S . ribbo cyclin box repeats
the direction of transcription1( 2) and indirectly recruits prep Y T— ToP DA bl

polymerase. Not surprisingly, TFIIB is highly conserved in transcription initiation
a wide diversity of organisms. complex

Human TFIIB is a 316-residue polypeptide and, in Ficure 1: Schematic representation of the functional domains of
common with its homologues from other species, has two TFIIB and VP16. The principal functional and structural domains

functionally distinct regions (Figure 1). The C-terminal &€ indicated. (A) VP16 from herpes simplex virus 1, showing the
core globular region that is conserved among the herpes virus

domain contgcts the PNA anq the TATA-binding protein. (bovine, equine, and human viruses HSV-1 and HSV-2). The crystal
Structurally, it comprises a direct repeat of two 10 kDa structure has been determined for this common ca&). (The
fragments that closely resemble the cell-cycle regulatory activation domain, which is enriched with acidic residues, is also
denoted. (B) TFIIB, showing the putative zinc-ribbon domain, a
P flexible linker segment, and the cyclin A-related repeats. An NMR
*'_I'I_hls strL]de was supportgd by thehWinlcogne TféJdSt- 4 E-mail structure of the Zn ribbon is available for an archeon homologue
ben @% ‘g’t k?i(r)T:: Cg%rggzoknizgg?i 4_512‘;%_7660902 aTel;eSf?()ené' 4 4'_”1“2'2'3_(? furiosug (6), and the NMR structure is available for the repeat
766019ry B Dt : : P : domain @). The crystal structure of the ternary complex of TFIIB’s
# CLRC Daresbury Laboratory. (t*;ychnéA repegtsadtfogether with TBP on a TATA element, has also
ﬁUniversity of Cambridge. een determinedi( 7).
Can%rri&egrgagﬂéss' Astex Technology Ltd., Cambridge Science Park, protein cyclin A @, 4). Preceding the C-terminal domain is
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polymerasef) (Figure 1). The structure of a portion of the observations are in agreement with NMR studies of the
N-terminal domain has been characterized for the proteinisolated activation domairly) and suggest that the domain

from the archeorPyrococcus furiosu®y NMR (6). This is segmentally mobile in the context of the full-length protein.
segment forms an antiparallel Zn-ribbon. The shape of TFIIB is consistent with an intramolecular

The C-terminal cyclin-like domain of TFIIB contacts the interaction between the N- and C-terminal domains. Such
DNA on the 5 side of the TATA element with respect to  an interaction had been predicted on the basis of mutational
the transcription start site through the domain’s hetixrn— effects on transcription and on proteiprotein interaction
helix motif (7). The sequence at this site, known as the BRE assays ¢, 12). This shape can be fitted with the crystal
(for TFB recognition element), is found in a subset of TATA structure of TFIIB in the ternary complex with TBP and the
elements, and the specific proteiDNA interactions made ~ TATA element which includes the’ BRE that defines the
here define the orientation of the complex and affect the direction of transcription?). Surprisingly, the shape is not
direction of transcription for certain promoterg, (8). in good agreement with the NMR structure of the free
Molecular genetics studies have shown that the N-terminal C-terminal domain, where the cyclin A repeats pack more
domain interacts with the C-terminal domain. The interdo- compactly. One interpretation of the SAXS, NMR, and
main association may be functionally important for interac- mutagenesis data, taken together, is that the intramolecular
tion with transcription activators, such as VP16, and with interaction between the N- and C-terminal domains helps to
the TBP-DNA complex @—12). appropriately present the molecule’s recognition surfaces for

The activity of the polymerase may be enhanced or ternary co_mplex form_ation. It also suggests that any i_nterac-
suppressed by certain protein assemblies that bind specificiion that disrupts the intramolecular contact, such as interac-
sites which may be close to the promoter DNA in some casestion with VP16, coglq trigger allosteric transitions. In th(_a
but linearly distant in others. Examples are the complex context of the preinitiation complex, such an allosteric
formed by the virion protein VP16 from the herpes simplex transition might gffect the dissociation rates of TFIIB or
virus. This protein is at the core of an assembly comprising {rigger a change in promoter conformation.

DNA-binding transcription factor Oct-1, the human cellular

factor (HCF-1), and defined target sites upstream of the early- MATERIALS AND METHODS
intermediate genes in the herpes simplex virus genome. VP16 Preparation of TFIIB. Full-length human TFIIB was

is found among herpes viruses HSV-1 and HSV-2 and equinecloned into plasmid pGEX4T as previously describ&é)(

and bovine herpes viruses. All these proteins share a commorThis construct generates a fusion protein with glutathione
core region, and this region (corresponding to residues 47 Stransferase (GST) and a thrombin cleavage site preceding
402) has been structurally elucidated by X-ray crystal- the N-terminus of TFIIB. For expression, the construct was
lography for the HSV-1 proteinl@). transformed intEscherichia colistrain B834(DE3), which

In HSV-1, the VP16 protein is 490 residues in length is a methionine auxiotroph. Cultures were grown Y2l
(Figure 1). Outside the conserved core is a section that, inmedium at 30°C and induced with 0.1 mM IPTG for
HSV-1 and HSV-2 VP16, acts as an activation domain. This approximately 4 h.
domain has been shown to interact with TFIIB, and one After being washed, the harvested cells were resuspended
proposed role for this domain is to catalyze preinitiation in a phosphate-buffered saline (PBS)/1% Triton mixture
complex assemblyl(, 14). containing a cocktail of protease inhibitors. The cells were

We describe here the overexpression and purification lysed in a French press, and the cell debris was removed by
procedures of the full-length HSV-1 VP16 and human TFIIB centrifugation. Polyethyleneimine was added to a final
proteins. The procedures yield tens of milligrams of highly concentration of 0.1% to precipitate nucleic acid, which was
soluble purified protein, and this has allowed us to obtain then removed by centrifugation.
shape information for the two proteins in solution using  Prewashed glutathione Sepharose was added batchwise to
small-angle X-ray scattering (SAXS) experiments with the lysate and mixed gently for 1 h. The gel was then washed
synchrotron radiation. This technique provides a means of extensively with 50 mM Tris (pH 7.5), 0.3 M NaCl, 1 mM
examining molecular interactions and conformational flex- DTT, 1 mM sodium azide, and 1M zinc acetate, followed
ibility in solution (see ref45and16 and references therein). by a wash in the same buffer with only 0.15 M NaCl and
Solution scattering in combination with high-resolution 2.5 mM CaC}. For a 5 Lculture, 100 units of thrombin
structural data can provide models for the interaction of was added to the gel and incubated overnight &€ 4vith
individual components in molecular assemblies. The SAXS gentle agitation. Benzamidine was then added to inhibit the
method is suitable for studying macromolecules and com- thrombin. The gel was poured onto a column and washed
plexes with a wide range of molecular weights and dimen- with 50 mM Tris (pH 7.5), 0.1 M NaCl, and 1 mM sodium
sions ~10—1000 A). azide to recover TFIIB.

The molecular shape of intact VP16 in solution was found ~ The eluant was loaded onto an S-Sepharose cation
to have characteristic features most recently deduced fromexchange column and eluted with a 0.1 to 1.0 M NaCl
the crystal structure of its conserved cat8)( Shape analysis ~ gradient. TFIIB eluted at0.35 M NaCl and was determined
of VP16 also indicates that it has significant segmental to be pure by SDSPAGE and amino acid composition
flexibility, which is restricted to defined amino acid sections analysis. The purified protein was shown to contain ap-
that are involved in proteinprotein recognition. These proximately stoichiometric quantities of zinc (1:1 Zn:protein

ratio) by atomic absorption spectroscopy.

1 Abbreviations: SAXS, small-angle X-ray scattering; TBP, TATA- . Preparat.lon of VP16Full-length HSV-1 VP.16 Was cloned
binding protein; HSV, herpes simplex virus; BRE, TFB recognition INto plasmid pGEX2T and expressedHncoli strain B834-
element; CD, circular dichroism. (DE3). Cultures were grown at 3T and induced with 0.1
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mM IPTG. The cells were washed and lysed in 50 mM Tris
(pH 7.5), 0.1 M NaCl, and 1 mM DTT. Glutathione
Sepharose was added batchwise, as described for the 1
preparation of TFIIB. VP16 was released from the glu- i
tathione Sepharose by treating the washed resin with
thrombin. The liberated VP16 was washed from the matrix,
then directly loaded onto a Q-Sepharose anion exchange
column, and eluted with a 0.1 to 1.0 M NaCl gradient. VP16
eluted at~0.3 M NaCl and was determined to be pure by
SDS-PAGE, electrospray mass spectrometry, and amino
acid composition analysis.

Far-UV Circular Dichroism.Circular dichroism data were
collected at station 3.1 at the Daresbury Synchrotron Radia-
tion Source using a 0.01 mm path length quartz cuvette. Data
were collected from 170 to 260 nm. The VP16 sample was
at a concentration of 8.5 mg/mL and the TFIIB sample at 1 . i i . . )
mgimL inbufercomposed of 50mM NaCland 5 M DTT. v . ST 2008, X Sopon seaterne of Wl eogts,
The spectra were background corrected, scaled according t@oncentration of 0.75 mg/mL. The very small angle regign<(
the protein concentration, and processed to estimate the?.07 A*fl%hindlicates rladiatiot?-ihduge? aggregation gith time [por-t

; ions of the low-angle scattering data are given after exposure to
?ﬁgg;g?gdsl_t;%%u;ﬁS\?/@é)/zgfcnoti_lﬁmg_the program SELCONX-rays.for 20 s (blue), 100 s (red), and 20 min (orange)]. The
) . scattering data (green) used for shape analysis and extending to

Synchrotron X-ray Scattering Experiments and Data higher scattering angles represent data from eight freshly prepared
Analysis.X-ray solution scattering data were collected with samples. The calculated distance distribution fungti@iis given
the low-angle scattering camera at station 2L9) (at the in the inset. The deviation of the smooth curve (which represents
Daresbury Synchrotron Radiation Source using a position-tehx‘?)e‘?i"’r‘:lce“rﬁ‘;fd . Eigatftgrg”g f(r)ozm Atple isretsrfce)rergsjlrt]ag?)p:(r)?er?n the
sensitive multiwire proportional counte2@). At a sample-  iypomogeneity which is contributing to the shape scattering at
to-detector distancef@ m (5.7 m) and an X-ray wavelength  higher scattering angles (this is also observed in the case of VP16;
A of 1.54 A, a momentum transferinterval of 0.04-0.35 see Figure 4).

A-1(0.01 A1 < g < 0.20 A1) was covered. The modulus

of the momentum transfer is defined as= 4x sin O/4, method proposed by Stuhrman@6) and developed by
where ® is the scattering angle. Tlrange was calibrated ~ Svergun and co-worker{—29) was applied to restore the
using an oriented specimen of wet rat tail collagen (based Molecular shape of both transcription factor proteins. The
on a diffraction spacing of 670 A). All samples were held Smoothed scattering profiles were_fltted a_b initio b_y the
in a temperature-controlled brass cell containing a Teflon Scattering from an envelope function beginning with an
ring sandwiched by two mica windows. The cell has a sample €llipsoid as an initial approximation. The calculations
volume of 120uL and a thickness of 1.5 mm. Buffer and provided consistent and stable shape boundaries as judged
sample were assessed in alteration, each in frames-of 10 from _several runs with alte_red starting cqnditions. The final
60 s (depending on the radiation sensitivity of the proteins). Protein shapes were described by spherical harmonics up to
Scattering profiles were corrected for background scattering fourth-order assuming no molecular symmetry (i.e., 19 free
(subtraction of the scattering from the camera and a cell filled Parameters). This treatment is adequate in view of the
with buffer), sample transmission and concentration, and Nedligible changes compared to envelopes determined for
positional nonlinearities of the detector. Data reduction was third-order harmonics (10 free parameters) and with respect
performed with the OTOKO software packagl), modi- to the information content of the experimentally available
fied, and adapted for the Daresbury NCD software suite. data range.

For SAXS data collection, VP16 was prepared in 50 mM
Tris-HCI (pH 8.0), 50 mM NacCl, 5 mM 2-mercaptoethanol,
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RESULTS

and 0.1% Genapol X-100 (Boehringer-Mannheim). TFIIB
was in 50 mM Tris-HCI (pH 7.5) and 100 mM NaCl. VP16
and TFIIB samples were assessed at@ with protein

TFIIB. TFIIB was sensitive to radiation-induced aggrega-
tion despite cooling the sample at@ (the aggregates were
most likely in the form of deposits on the sample cell

concentrations in the range between 0.1 and 3 mg/mL. Towindow). Due to the radiation sensitivity, only concentrations
assess protein aggregation and the contribution of potentiallyof <1 mg/mL have been measured and the radiation exposure
unstructured polypeptide segments, scattering data werewas limited to less than 30 s for data included in the analysis

collected at a short (2 m) as well as a long (5.7 m) sample-

of the small-angle region. To improve the signal-to-noise

to-detector distance. Scattering data analysis for TFIIB and ratio, data were accumulated from a series of freshly prepared

VP16 followed standard procedureX?). Using the indirect
Fourier transform method as implemented in the program
GNOM (23), the radius of gyratiofy, the forward scattering
intensitylo, and the intraparticle distance distribution function
p(r) were extracted from the experimental scattering data.
The calculation of molecular volumes was based upon
Porod’s invariant Z4), bearing in mind the limited experi-
mental scattering interval2p). The multipole expansion

samples (Figure 2). Extrapolation to the intensity at zero
scattering anglel§) and comparison with that of bovine
serum albumin at a known concentration as a molecular
weight standard show that TFIIB is monomeric in solution.
The conformational flexibility of full-length TFIIB (35 kDa)

in the low concentration regime appears to be less significant
(as can be seen from the very low angle region), and the
analysis of the full scattering profile yields the following
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values: Ry = 25.0 A (:29%), Dimax= 75 A (+:4%), andVrris would require that the linker component between the Zn
= 60 000 A (+5%). This volume is in good agreement with  ribbon and the cyclin repeats is almost entireielix, but
the known protein mass. The distance distribution function consensus secondary structure prediction suggests that it has
p(r) for TFIIB is shown in the inset of Figure 2. a short helix and twog-strands. This portion was not
The molecular envelope of TFIIB is presented in stereo- modeled, and it is possible that it does have defined
scopic view in Figure 3A. The shape suggests that full-length secondary structure. As it might move freely with respect to
TFIIB comprises three subdomains which are arranged in athe remainder of the protein, only its average spatial
V-shaped pattern. This shape requires that the subdomaingonformation would contribute to the overall dimension of
form a stable association, which is consistent with observa- the shape.
tions from molecular genetics9( and from NMR (1). It is possible that alternative assignments can be made for
However, extended conformations (contributing to less than the individual subdomains (cyclin repeats, Zn ribbon, and

10%) cannot be excluded with this SAXS analysis, and as the interdomain linker) into the shape features. However,
we will discuss later, it is anticipated that a portion of the alternative models are not consistent with the fitting criterion

linker region between the subdomains is highly mobile. ~ described above. We also note that the shape fits well onto

One of the subdomains could be fitted with the NMR the modeled ternary complex. Using the cyclin repeats as a
structure of the N-terminal zinc-ribbon domainRffuriosus ~ reference, we docked the molecular shape and model of full-

TFIB (6). Our full-length TFIIB sample was found to length TFIIB onto the crystal structure of Tsai and Sigler
contain Zn in a~1:1 stoichiometry, which is in accord with ~ (7) of the TBPcore-TFlIBcore complex on a TATA element

the Zn-ribbon model. The shapes of the other two subdo- (Figure 3C). In this model, we have extended the DNA from
mains can accommodate the Crysta| structure of the C- the 8 and 3 directions of the TATA element using idealized
terminal domain of TFIIB (TFIIBcore) as it is found in a B-DNA. Remarkably, the SAXS model fits compactly into
ternary complex with the conserved core of TBP (TBPcore) the assembly.
and a TATA-containing oligonucleotidg’), As viewed from the approximate 2-fold symmetry axis of
A NMR structure is also available for the free C-terminal the TATA element and the TBP protein, the trajectory of
domain of human TFIIB3), and this differs from the DNA-  the DNA takes different directions on thédnd 3 flanking
bound form in that the cyclin A subdomains are more com- regions of the TATA element (Figure 3C). This asymmetry
pactly associated. Intriguingly, the NMR structure of the iso- arises from the contacts made by the C-terminal cyclin unit
lated C-terminal domain does not fit as well in the calculated of TFIIB with the BRE element. The protruding surface of
molecular shape of full-length TFIIB (Figure 3B). The the TFIIB N-terminal domain is on the correct side of the
structure of the DNA-bound form provides a superior fit. ~asymmetric joint to make a complementary match to the
Several criteria were taken into account in modeling the DNA.
atomic structures of the separate N- and C-terminal domains The model predicts proteirfDNA interactions on the '5
into the molecular boundaries of the full-length protein. First, side of the TATA element, in the vicinity of the BRE
the conformation of the C-terminus could only be fitted into recognition element and centered 5 bp preceding it. These
the shape in one orientation that would keep the DNA reading contacts would be made by the Zn-ribbon domain and would
surfaces exposed. Second, the domain termini were kept inprobably be entirely with the phosphate backbone. Additional
proximity, although it must be noted that the linker of contacts may also be made on thesBle of the TATA
approximately 60 residues, between the Zn ribbon and theelement by the firsti-helix of the first cyclin unit together
first of the cyclin repeats, is missing from this model. We with residues in the linker region following the Zn-ribbon
will return to the role of this linker in the Discussion. Third, domain. The proposed contacts would occur in the major
the modeling was guided by knowledge of the contact regions groove in the region corresponding to base®2 to —18
between TFIIBn and TFIIBc. These are regions-34 in upstream of the start site. These contacts are consistent with
the N-terminal domain, which were reported to associate with footprinting experiments showing major groove protection
the second cyclin repea®)( The observations of Roberts  at these sites (S. Roberts, personal communication).
and Green9) are consistent with a discontinuous recognition ~ VP16. The small-angle X-ray scattering profile for VP16
surface, and our model requires that the segment of residuesn solution is shown in Figure 4 with the low-angle region
24—61 contacts both the cyclin repeats. Last, conflicting highlighting the concentration dependence and significant
overlaps were avoided between the Zn-ribbon motif and the contributions from mobile, unstructured chain segments in
DNA-binding region on the surface of the C-terminal domain VP16. Even at the lowest concentration that was measured
(Figure 3A). For the constructed model, the structural (0.13 mg/mL), where the contribution from possible protein
parameters are calculated to be as folloviRy:= 22.2 A, aggregation is expected to be very small, the scattering profile
max = 72 A, andV = 50 000 &. These values essentially  still shows a significant upturn in intensity (fay < 0.05
agree with the experimental figures, keeping in mind that A~%). Since neither radiation sensitivity nor protein impurity
the calculated values are based on the unsolvated TFIIBis responsible for this behavior, only highly mobile, random
model and exclude the linker peptide segment of 59 residues.chainlike elements are consistent with such a scattering
We evaluated the secondary structure content of our TFIIB signal. However, they are expected to add only to the overall
sample using far-UV circular dichroism. The secondary dimension of the particle’s appearance but not to affect its
structure composition from three separate runs at threemolecular core structure, an effect similar to that of
different concentrations ranged from 68 to 7a%elix, from carbohydrate chains on the surface of a glycoprotein. Thus,
7 to 8% f3-sheet, and from 21 to 24% turn and other. The it was assumed that the scattering contribution of the flexible
C-terminal domain, residues 16317, comprises 60%  polypetide segments becomes negligible when0.05 A1
o-helix in the crystal structure7f. The CD composition  (which was acceptable in view of the subsequent results).
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Ficure 3: Molecular shape of TFIIB. (A) Two stereoscopic views of the low-resolution envelope of full-length TFIIB reconstructed using
fourth-order harmonics. Superimposed are the NMR-derived N-terminal Zn-ribbon domaifPfriomiosus(6) and the C-terminal repeat

cyclin motifs from the X-ray structure taken from the ternary complex of the human TFIIB C-terminal domain with TBPcore on the TATA
DNA element {). The relative orientation of these two structures has been arranged manually to match the available envelope space. The
zinc ion is represented by a sphere. The first of the cyclin motifs is in blue, and the second is in green. (B) The more compact NMR
structure of the unbound TFIIB C-terminal doma®) yas also used for the modeling but leaves behind large gaps in the available envelope.
(C) The model of the ternary complex of the full-length TFHBBP complex and the TATA element, based on the SAXS model and the
crystal structure of the TFIIBcoreTBPcore-TATA complex (7). The DNA in the crystal structure was extended on theide of the BRE

and on the 3side of the TATA element using B-DNA models. This figure was prepared using MOLSCRIB)Tafd Raster3D34).

The profile from this scattering angle onward still allowed r = D= 94+ 4 A (see the inset of Figure 4) and yielding
a reliable data analysis with th#r) function vanishing at a value forRy of 28.7+ 0.5 A and a particle volum¥\ypie
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Ficure 4: X-ray solution scattering of the herpes simplex virus 1
VP16 protein. Scattering profiles obtained for protein concentrations
of 0.13 (green), 0.3 (red), and 1.3 mg/mL (blue). The latter was
also recorded at the short sample-to-detector distance. \hken
0.05 A1 the intensity increases noticeably toward zero scattering
angle despite the use of a very dilute sample, indicating the presence
of less-structured, nonglobular chain segments. The distance
distribution functionp(r) calculated from the profile without the
very small angle scattering contribution is shown as an inset. The
smooth curve corresponds to the theoretical scattering from the
restored shape.

of 115 000+ 6000 A3. Moreover, the contribution of highly
flexible polypeptide chain segments to the molecular shape
is now restricted to those areas in which they are anchored
to the protein’s globular core. The analysis of the intensity
of the forward scattered bearh)( including the low-angle
signal (as recorded with the 5.7 m camera), shows that the
VP16 Sample is nansgaregated and that the proten IsTEUTE %, Mo Shebe o YIS, e oiemeiens of e
monomerlclln solution, which is consistent with results from crystal structurg of the central region of VP1I3) is super?mposed
size exclusion chromatography (results not shown). in the molecular shape. In the crystal structure, the peptide is
The envelope of VP16 determined ab initio from the disordered between the orange helix and orange strand (residues
scattering profile alone (see Figure 5) is reminiscent of the 350-394). A peptide segment might be accommodated in the space
seatlike protein shape as reported in the crystal structure ofof the right “elbow” of the armchair-like molecular shape. The
the conserved central domaitdj. The ribbon representation g&germ inal res'du_e of the orange strand is residue 395, and residue
’ ) g is at the C-terminus of the helix. Residue 402 is at the
of this core domain has been superimposed on the moleculaic-terminus of the strand, and there appears to be no density to
envelope to emphasize the agreement (Figure 5). Two areasccommodate an ordered peptide corresponding to residues 403
to the left and right (which can be labeled as “armrests”) 490. The elbow on the left might accommodate a portion of amino
project sideways from the “seat”. These have no counterpartsiérminal residues 148. This figure was prepared using MOL-
: . - . SCRIPT @3) and Raster3D34).
in the high-resolution structure. Interestingly, these two
regions correlate well with the space most likely taken up domain is disordered and particularly nonglobular in its
by N-terminal residues-148 which were not included in  native solution state and does not contribute to the globular
the conserved VP16 core structure, and an apparent disorcore but extends into the solvent. For comparison, the volume
dered segment in the crystal (residues-3894; the bound- of the available crystal structure of the VP16 core structure
aries correspond to the termini of the orange helix and strand,(which includes only residues 4849 and 395402, i.e.,
respectively). This segment is critical for VP16-induced 311 residues, corresponding to 63% of full-length VP16) is
complex assembly 1@). In contrast, the area that the 58 000 &. The calculation is based on the accessible surface
remaining C-terminal “domain” (residues 46890) is area and does not include a hydration layer. This value
anticipated to occupy (corresponding to the bottom part of corresponds to half the experimental value for the full-length
the shapes in Figure 5) only shows a small spatial extensionprotein in solution. The radius of gyration (22.7 A) and
to the globular core; i.e., it would not be possible to maximum particle dimension (88 A) of the crystallographic
accommodate all C-terminal residues within the envelope. core structure also reflect the partial structure when compared
It seems likely that these residues are responsible for theto the experimental data of full-length VP16 in solution.
intensity increase (and indicative of random chainlike However, it underlines our conclusion that mobile segments
behavior) observed in the very low-angle scattering regime. of the protein (e.g., disordered segments as well as omitted
Due to the precondition of molecular envelope reconstruction chain sections in the structural analysis of the crystalline
(i.e., the shape calculation assumes a globular, uniformstate) expand the molecular boundary significantly.
particle), this scattering contribution was not included in the ~ We also evaluated the secondary structure of full-length
analysis. Thus, we conclude that the C-terminal activation VP16 by far-UV circular dichroism. Spectral deconvolution
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suggests the following secondary structure composition: 62 protein is in better agreement with the structure of the DNA-
69% a-helix, 0—10% j3-sheet, and 2033% other (data not  bound form, rather than the isolated form (Figure 3). One
shown). This is broadly consistent with the secondary possible interpretation of this conformational difference is
structure content of the model based on the conserved corethat the N-terminal Zn-ribbon domain, in interacting with
the C-terminal domain, may preorganize the DNA recogni-
DISCUSSION tion surface of the molecule for docking onto the target. It
also suggests that the disruption of the intramolecular

been shown to be capable of stimulating transcription in vitro interaction between the N- and C-terminal domains may
with Oct-1 from an octamer element (the ICPO promoter. instigate an allosteric change in the C-terminal domain. The

L. Lee et al., in press iBiochemistry. While the recombi- N-terminal domain interacts with transcriptional activators

. . . . (9) and with polymerase Il, via TFIIF5). Perhaps these
nant VP16 s functonallycompetent o actvate tanscrpton, (1) 25 " T 2o o s change i e ok
assume a unique %?obular shape but rather behaves like ecule. In the context of the preinitiation complex, an allosteric

very flexible polypeptide chain with random conformations achange could cause either the TFIIB to jettison from the
y flexible polypeptide . ' assembly or a change in the superhelical tension of the DNA
In isolation, the activation domain has been shown to be

. .~ between the TATA element and the start site. This will
flexible (17), and the SAXS shape suggests that the domain remain speculation until the ternary complex of full-length

o e ey o b TFIE Wi TBP and the TATA element i siucuraly
gih p : 9 P elucidated. Studies are in progress to test the inter- and

Eg;ixggiidcﬁng ?S/S:I tﬁgubcéltjtge&] t:feth(é t;:r;[;galshrg\,svlgﬁ intramolecular interactions in the ternary complex.
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