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CBP/p300 TAZ1 Domain Forms a Structured Scaffold for Ligand Bintfing
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ABSTRACT. The transcriptional coactivator protein CBP and its paralog p300 each contain two homologous
zinc-containing TAZ domains, which constitute the interaction sites for a number of transcription factors.
Previous reports of the three-dimensional structures of TAZ1 in complex with binding partners and of the
isolated CBP TAZ2 domain show a distinctive topology composed of four amphipathic helices, organized
by three zinc-binding clusters with HCCC-type coordination. The isolated CBP TAZ2 domain forms a
stable three-dimensional structure in solution, but a recent report [Dial, R., Sun, Z., and Freedman, S. J.
(2003)Biochemistry 429937] suggested that the isolated p300 TAZ1 domain lacks a well-defined structure
and behaves like a molten globule, even in the presence?f Znd that the formation of a stable three-
dimensional structure requires binding of a protein partner. In marked contrast to this result, we find that
both the CBP and p300 TAZ domains in the presence of stoichiometric concentration$ cidfipt a
well-defined structure in solution in the absence of binding partners. We have determined the three-
dimensional structure of the isolated CBP TAZ1 domain by NMR methods and show that it has the same
structure in the presence and absence of binding partners. This is an important finding: whether the free
TAZ1 domain forms a folded structure or behaves as a molten globule will have a significant bearing on
the mechanism of proteirprotein recognition. Although TAZ1 and TAZ2 share many structural similarities,
there is a major structural difference: the fourth helix is oriented in opposite directions in the TAZ1 and
TAZ2 domains. The structure of the free TAZ1 domain suggests that this difference is an inherent feature
that determines binding specificity and facilitates discrimination between different subsets of transcription
factors by the two TAZ domains.

The transcriptional coactivator proteins CBP [cyclic-AMP  X,_4,-Cys4 (where X is any amino acid and the subscript
response element binding protein (CREB) binding protein] denotes the number of residues between the zinc ligands).
(1) and its paralog p30@J are relatively large proteins (2441  The primary function of the TAZ domains appears to be in
residues in human CBP) and contain several protein-binding protein recognition, and currently, more than 30 different
domains, as well as an acetyltransferase enzyme activity.transcription factors have been reported to associate with
CBP and p300 contain two homologous TAZ (transcriptional CBP/p300 via its TAZ domains. Although the TAZ1 and
adaptor zinc-binding)3) domains, TAZ1 and TAZ2, which ~ TAZ2 domains share sequence homology, they bind different
are important sites of proteirprotein interaction. TAZ1 and  subsets of transcription factors.

TAZ2 each contain three highly homologous zinc-binding  The NMR structure of the CBP TAZ2 domain revealed a
sites with the consensus sequence HisiC}s2-%;-,,-Cys3- novel structure for a zinc-binding moti#), composed of
four amphipathia-helices packed against each other to form
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Ficure 1: (A) Protein sequence alignment of the CBP and human p300 TAZ1 and TAZ2 domainMfremmusculugm), Homo sapiens

(h), Xenopus lagis (x), and Drosophila melanogastefd). The zinc-coordinating histidine and cysteine residues are highlighted, and the
three zinc-binding (ZntZn3) clusters are marked by solid lines. The secondary structural elements of TAZ1 and TAZ2 are shown as solid
bars for the four helicesg—o,) and solid lines for the loops. The differences in the mouse, human, and p300 TAZ1 amino acid sequence
are boxed and shown with asterisks. (B) Far-UV circular dichroism spectra of CBP (left panel) and p300 (right panel) TAZ1 with increasing
equivalents of ZA". The spectrum of zinc-free TAZ1 is indicated by squares; the spectra upon addition of 1, 2 and 3 equiv afezn

shown by crosses, circles, and the solid line, respectively. (Insets) Plot of mean residue ellipticity (MRE) at 222 nm as a percentage of the
difference between the value in the absence of zinc (set at 0%) and the value in the presence of 3 molar equiv of zinc (set at 100%).

(HSQC) of p300 TAZ1 in the presence of Zn it was individually using the expression vector pET21a (Novagen)
suggested that TAZ1 requires binding to either Hbe-dr and purified from inclusion bodies as previously described
CITED2 to fold into a stable three-dimensional struct@®e ( for TAZ2 (4). In the third method, folded CBP and p300
These results are inconsistent with experimental data obtainedTAZ1 were isolated under native conditions from both
in this laboratory for the highly homologous TAZ1 domains individual and coexpression systems, using a low-temperature
from CBP and p300 (Figure 1A). We report here that the expression protocol in whick. coli BL21(DE3) (DNAY)
isolated TAZ1 domains from both CBP and p300 fold into were grown in LB or M9 minimal medium supplemented
stable globular structures in the presence of*Zions. with 150 uM ZnSQO, at 37 °C to ODsp0 = 0.7. Protein
Furthermore, we also describe the solution structure of the expression was induced by addition of 1 mM IPTG and
isolated CBP TAZ1 domain, which provides insights into growth was continued at 18 for an additional 1216 h.

the mechanism by which the TAZ1 and TAZ2 domains Cells were lysed by sonication, and soluble protein was
discriminate between different transcriptional activation isolated by ion exchange chromatography (HiTrap SP,
domains. Our results show unequivocally that protein  Amersham Biosciences) in 20 mM Tris pH7.5, 50 mM NaCl,
protein interactions are not required for the CBP TAZ1 10 uM ZnSQO, 2 mM DTT using a linear gradient to 600

domain to fold. mM NaCl. For NMR analysis, native TAZ1 was dialyzed
into 10 mM Tris pH 6.9, 50 mM NacCl, 2 mM DTT. The
MATERIALS AND METHODS TAZ1 domain expressed using the three different protocols

Sample PreparationTAZ1 domains from mouse CBP behaved identically under all circumstances.

(residues 346439, 100% identity with human sequence)  Circular Dichroism SpectroscopyCD spectra were col-
and human p300 (residues 32&24) were expressed in three lected using an Aviv model 202 CD spectrometer af@5
different ways. The method that gives the greatest yield of using a 0.2 cm cell. Zinc titration was performed using CBP
protein involves coexpression with the activation domain of and p300 TAZ1 purified under denaturing conditions to
HIF-1a. or CITED2, purification of the complex from the  remove the bound 2n. The lyophilized TAZ1 was dissolved
soluble fraction of the cell lysate, followed by purification in 3 mM Tris-HCI pH 7.5 to give a protein concentration of
of the isolated TAZ1 by reversed phase HPLC, and refolding 5—10 M, and increasing equivalents of Znwere added.

in the presence of 2n as previously described,(8). In NMR SpectroscopNMR spectra were acquired at 26
the second method, CBP and p300 TAZ1 were expressedon Bruker DRX600, DRX800, and AVANCE 900 MHz
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Table 1: Experimental Restraints and Structural Statistics for the
CBP TAZ1 Domain

NMR Restraints

total distance restraints 1070
intraresidue 386
sequential 317
medium range 250
long range 117

total dihedral angle restraints 179
@ 84
Y 63
a 32

Ensemble Statistics (20 structures)
violation analysis
maximum distance violation 0.35A
maximum dihedral angle violation 0.70
energies
mean restraint energy 36 kcal mél

mean AMBER energy —4157 kcal mot?
rms deviation from the mean

structure (helices only)

backbone atoms (N(C) 0.48 A

all heavy atoms 0.98 A
deviation from idealized geometry

bond lengths 0.01A

bond angles 32
Ramachandran plot

most favorable regions 83.3%

additionally allowed regions 15.1%

generously allowed regions 1.4%

disallowed regions 0.2%

spectrometers, processed using NMRPi@,(@and analyzed
using NMRView (L1). Resonance assignments for the iso-
lated CBP TAZ1 domain were obtained from heteronuclear
(*H,™N,13C) and multidimensional NMR experiments as
previously described for the TAZ1/HIFed(5) and TAZ1/
CITED2 (8) complexes. Distance restraints were obtained
from 3D *N-edited NOESY¥-HSQC , 120 ms) and 3D
13C-edited NOESY-HSQC ¢, 120 ms) acquired for samples
in 100%°H,0 and 10%?H,0.

Structure Calculations and Analysitterproton upper

De Guzman et al.

function were further refined by restrained molecular dynam-
ics in AMBERY7 using thef99 force field (17). When the
distance and dihedral angle violations dropped below 100
kcal/mol, refinement was performed using the generalized
Born (GB) potential in AMBER7Y to account for the effects
of solvent (L8). Twenty structures with the lowest combined
distance and angle violations were sorted by AMBER energy
and selected for analysis. Backbone analysis was performed
using PROCHECKZX9), and graphics images were prepared
using MOLMOL (20).

RESULTS

Folding of CBP/p300 with Zt. Two of the three protocols
used to prepare CBP or p300 TAZ1 involved purification
by reversed phase HPLC, resulting in an unfolded, zinc-free
protein. The third protocol led directly to folded, zinc-
containing protein, which loses zinc and unfolds upon
treatment with excess EDTA. The addition of 3 equiv of
Zn?* to the unfolded protein prepared by any of these three
methods led to identical samples of TAZ1 that are, by CD
and NMR spectroscopic criteria, stably folded. The effect
of the addition of ZA" to CBP and p300 TAZ1 is shown in
Figure 1B. The CD spectrum of zinc-free TAZ1 is charac-
teristic of a random coil state lacking secondary structural
elements. Addition of up to 3 equiv of Zhresults in an
increase in the molar ellipticity at 222 and 208 nm and a
decrease in the random-coil signal below 200 nm, consistent
with an increase in the-helical content of TAZ1. The CD
spectra show maximal helicity at 3 equiv of Znand
decreased helicity at higher zinc concentrations (Figure 1B,
insets), suggesting that excess’Zresults in misfolding of
TAZ1, probably due to nonspecific metal binding. The pres-
ence of an approximate isodichroic point in the CD spectra
of Figure 1B suggests that zinc binding is close to being a
two-state process and that stable intermediates with fewer
than 3 equiv of zinc are not formed in high concentration.

Titration of the CBP TAZ1 domain by 2n was also
monitored by 2D NMR spectroscopy usitfyl-labeled TAZ1

bound distance restraints were derived from cross-peak(Figure 2). In the absence of Zn the narrow range of amide
volumes in the NOESY experiments and were assigned upperproton chemical shifts in the 2EH—N HSQC spectrum

bounds of 2.7, 3.5, 4.5, and 5.5 A, with 1.8 A lower bounds.
Torsion angle restraints far, 1, andy; were obtained from

the chemical shift index and intraresidue NOE connectivities
(12—14). Distance restraints were obtained by manual

shows that TAZ1 is unstructured in solution (Figure 2A).
Upon addition of 3 equiv of Z1, the line width and proton
resonance dispersion in the HSQC spectrum are indicative
of a folded three-dimensional structure (Figure 2C). In the

analysis of NOESY spectra, and additional distance restraintspresence of substoichiometric amounts ofZrthe HSQC

were generated with the program SANE5( and added
during the structure calculation. The Zrbound cysteine

spectrum reveals the presence of both unfolded and fully
folded TAZ1 (Figure 2B). There also appear to be additional

and histidine residues were identified on the basis of the low-intensity peaks in Figure 2B, which may be indicative

chemical shifts and sequence homology of the zinc-binding of intermediate structures partly populated by zinc (see, for
clusters of TAZ1 and TAZ2 domains (Figure 1A). All nine  example, the tryptophan side chain cross-peak marked with
cysteine residues in CBP TAZ1 have downfiéi@” chemi- an arrow in Figure 2B). With saturating amounts of?Zn

cal shifts in the range of 29-431.0 ppm, which is indicative ~ the intermediate peaks and peaks corresponding to the
of Zn?"-coordination §). Tetrahedral geometry was imposed unfolded TAZ1 disappear and peaks corresponding to the
for the Zr#*-ligands during the structure calculation by folded TAZ1 domain become the predominant feature of the
distance and torsion restraints. Hydrogen-bond restraints wereHSQC (Figure 2C). When bacterially expressed TAZ1 is
used during the initial model building for regions that were purified under native conditions in the presence of'Zithe
identified by the chemical shift index and NOE connectivities 2D HSQC spectrum is identical to that of the refolded TAZ1
to be helices. The total number of distance and torsion angledomain after the addition of 3 equiv of zinc (data not shown),
restraints used is summarized in Table 1. An initial set of indicating that the refolding procedure has no effect on the
100 simulated annealing structures was generated usingstructure.

DYANA (16) followed by variable target function minimiza- The amino acid sequences of the CBP and p300 TAZ1
tion. The 100 DYANA structures with the lowest target domains are almost identical, with only a few conservative
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FIGURE 2: 600 MHz1*N—'H HSQC spectra of TAZ1 domains. (A) CBP TAZ1 (2@M) purified under denaturing conditions (no zinc
bound), in 10 mM Trisd;;, 5 mM DTT-d;0, pH 6.8. (B) CBP TAZ1 (20Q«M in 10 mM Tris-d;;, 5 mM DTT-d;0, pH 6.8) after addition
of 1.5 equiv of ZA* (final concentration 30@M ZnSQ,,) (C) CBP TAZ1 (1 mM CBP TAZ1 in 10 mM Trighi, 5 mM DTT-dq, pH 6.3)
after titration of 3 equiv of ZA" (final concentration 3 mM ZnSg). (D) p300 TAZ1 purified under native conditions (0.45 mM p300 TAZ1

containing zinc, 10 mM Tris, 50 mM NaCl, 1 mM DTT, pH 6.9). (E, F) p368-TAZ1 in 5 mM MES, 100 mM NaCl, pH 6 (as used by
Dial et al. @)), in the presence of (E) 4 equiv and (F) 6 equiv ofZn

changes between the two sequences (Figure 1A). It wasdomains suggests that their structures are very similar. Like
therefore a surprise that the p300 TAZ1 domain was reportedCBP, the p300 TAZ1 domain can also be purified under
to be unstructured, even in the presence éf Zand required denaturing conditions and refolded in Tris buffer in the
binding of the HIF-1x activation domain to fold into a stable  presence of DTT and 3 equiv of Znto give an HSQC
three-dimensional structur)( In our hands, the recombinant  spectrum (not shown) that is identical to that of Figure 2D.
p3001°N-TAZ1 (residues 323424) purified under native A very similar, well-dispersed HSQC spectrum is obtained
conditions showed a highly dispersed HSQC spectrum when the p300 TAZ1 domain folded with stoichiometric
diagnostic of a folded globular protein domain (Figure 2D). amounts of ZA" is exchanged into the buffer used by Dial
The spectrum is very similar to that of the CBP TAz1 et al. @) (5 MM MES/100 mM NacCl, pH 6.0). However,
domain; the observed chemical shift differences can be addition of excess Z1 under these buffer conditions leads
attributed to the eight amino acid substitutions between p300to loss of dispersion and line broadening and results in spectra
and CBP TAZ1 (Figure 1A) and definitely do not reflect (Figure 2E,F) very similar to those reporte®).(

major differences in structure. Thus, the HSQC spectra Solution Structure of CBP TAZThe solution structure
indicate that the free p300 TAZ1 domain folds into a well- of the free CBP TAZ1 domain determined from the NMR
defined three-dimensional structure and does not behave likeconstraints is shown in Figure 3. The family of structures is
a molten globule as previously reporte8).(The overall well-defined, especially in the helical regions, with some
similarity of the HSQC spectra of the p300 and CBP TAZ1 disorder in the loop between; and a,. The degree of
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Ficure 3: Stereoview showing the best-fit superposition of backbone heavy atoms in the 20 lowest energy NMR structures of the isolated
CBP TAZ1 domain. Helices; anda, are shown in blue, helig; in green, and helixy, in red. The side chains of the ligand residues in

each zinc binding site (ZriZn3) are shown in yellow, and the zinc atoms are shown as pale gray spheres. The amino (N) and carboxyl
(C) termini are indicated. The figure was prepared using MOLM@Q).(

constraint satisfaction and the Ramachandran statistics are
summarized in Table 1. The overall structure is very similar
to that of the TAZ1 domain bound to the activation domains
of HIF-1a (5, 6) and CITED2 [, 8). The structure of TAZ1
contains four amphipathic helices,(-ay) organized by three
zinc binding motifs (Zn+2zn3). Each zinc binding motif
consists of two helices joined by a connecting loop, with
one histidine and three cysteine ligands that are arranged
sequentially to form an HCCC-type zinc-binding maotif,
similar to the zinc-binding motifs found in TAZ2). In each

of the zinc-binding motifs, the first two zinc ligands (His
and Cys) are located at the C-terminus of the first helix, the
third ligand (Cys) is on the connecting loop, and the fourth
ligand (Cys) is located at the N-terminus of the second helix.
The three zinc-binding clusters (ZRZn3) are distributed
approximately at the apexes of an irregular triangle with the
four amphipathic helices packed through hydrophobic in-
teractions to form the core of the domain.

Ficure 4: Superposition of the ribbon structures of the CBP TAZ1
DISCUSSION domain when free (red), complexed with Hlle-1green), and

. - . complexed with CITEDZ2 (blue). The lowest energy structure from

Why Study the Fre_e TAZ1 Doma_w%\’; the binding site the IPIMR ensemble is usfad in)each case. The figﬁre was prepared
for at least a dozen different transcription factors, the CBP/ ysing MOLMOL (20).
p300 TAZ1 domain plays an important role in protein
protein interactions involved in the transcriptional regulation not in agreement with the report of Dial et a@) that the
of many cellular pathways. There are NMR structures of the free p300 TAZ1 domain is a molten globule. It is important
CBP/p300 TAZ1 domain in complex with the activation to know whether the free TAZ1 domain forms a folded
domains of HIF-1 (5, 6) and CITED2 ¢, 8). When bound structure or behaves as a molten globule, because this will
to HIF-1a or CITED2, the TAZ1 domain adopts a three- have a significant bearing on the mechanism of protein
dimensional structure similar to that of the homologous protein recognition by the TAZ domains of CBP and p300.
TAZ2 domain @). Because of the similarities of the structure An accurate picture of the folded state of free TAZ1 is
of TAZ1 in the HIF-lo. and CITED2 complexes, together important for distinguishing between two different but
with the structural similarities between TAZ1 and the free equally plausible mechanisms of protejorotein recognition.
TAZ2, it was generally assumed that the structure of TAZ1 First, if TAZ1 is not well structured (molten globule or
in the free and bound forms would be the same and thatunfolded) in isolation, then a mechanism of mutual syner-
there would be no major structural rearrangement in the gistic folding could be invoked. This mechanism appears to
TAZ1 structure induced by protein binding. operate in the binding of the p160 domain ACTR to another

We report here that the free CBP/p300 TAZ1 domain CBP domain, the nuclear coactivator binding domain (NCBD)
adopts a fully folded three-dimensional structure, which is (21), and was invoked by Dial et al9) for the interaction
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HIF-1a

Ficure 5: (A) Ribbon diagrams showing the backbone structures of free TAZ1 (left) and free TAZ2 (right) domains of CBP. (Color code
as in Figure 3.) (B) (left) Surface representation of TAZ1 in complex with HiFH{dink), showing the deep groove that binds thehelix

of HIF-1a (from the structure PDB 1L8C5J). (right) Surface representation of TAZ2 with HIF:1(pink) modeled in the analogous
position, showing occlusion of the binding groove for the helix. The coordinates in panel A were rotated by °L&Mng they-axis
followed by a 70 rotation along the axis to obtain the orientation shown in panel B. (C) (left) Surface representation of TAZ1 in complex
with CITED2 (yellow), showing the well-defined groove that accommodatestthieelix of CITED2 (from the structure PDB 1R813)].

(right) Surface representation of TAZ2, with CITED2 (yellow) modeled in the analogous position: the absence of the tétliging

groove at the top of the structure would disfavor CITED2 binding. The coordinates in panel A were rotatetl dgrigpthez-axis to

obtain the orientation shown in panel C. The figure was prepared using MOLNQL (

of TAZ1 with ligands. The second alternative involves Finally, whether TAZ1 is fully structured or a molten

templated folding of unstructured ligands on a preformed globule is directly relevant to our understanding of the overall
scaffold. This mechanism appears to operate with the structure of CBP and p300: a structured TAZ1 domain
interaction of the phosphorylated kinase-inducible domain would mean that CBP is composed of several structured
(pKID) of CREB with another CBP domain, the KIX domain functional domains flanked by disordered regions, much like
(22). Our results clearly distinguish between these two beads on a string. On the other hand, if the TAZ1 domain is
possibilities for TAZ1. a molten globule, then the entire N-terminal region of CBP,
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nearly 600 amino acids, would be disordered and behave aghe last two cysteine ligands of Zn3 may influence the
a long flexible string that forms compact domains only in orientation ofoy (5); in TAZ1, the ligands are separated by
the presence of binding partners. two residues (PV), compared to four residues (PVPF) in
The Free TAZ1 Domains of CBP and p300 Are Structured. TAZ2 (Figure 1A). However, other explanations are possible,
The experiments reported in the present paper show un-and we are currently conducting mutagenesis experiments
equivocally that the free TAZ1 domain, from either p300 or to address this issue.
CBP, whether expressed under native conditions or refolded Since the orientation of helig, of TAZ1 is similar to
by addition of Zi#* to the denatured protein, adopts a well- that seen in the HIFd and CITED2 complexes, it appears
defined structure and does not require interactions with targetthat the structural differences between TAZ1 and TAZ2 are
proteins to form a stable fold. Both circular dichroism and an inherent feature that contributes to their binding specificity
NMR spectra show that, in the absence ofZnhe TAZ1 and their ability to recognize different subsets of transcription
domains of CBP and p300 are unstructured and that bindingfactors. The altered packing of the helices results in
of 3 equiv of Zi#* is required for folding. The NMR and  significant differences in the characteristic grooves on the
CD spectra also show that zinc-induced folding is ap- protein surface that function as binding sites for CBP/p300
proximately two-state and that the concentration of stable ligands (Figure 5B,C). For example, the deep groove in
intermediate forms at substoichiometric (i.e., at less than 3 TAZ1 that accommodates tte: helix of HIF-1a (5, 6) is
equiv) concentrations of Zh is low. occluded by then, helix of TAZ2 (Figure 5B), providing
Structure of TAZ1The structure of the free CBP TAZ1 an explanation for the ability of the HIFedactivation do-
domain closely resembles that of TAZ1 complexed with the main to discriminate between TAZ1 and TAZ2 in binding
activation domains of HIFd and CITED2 (Figure 4). The to CBP/p300. Similarly, the N-terminal helix of CITED2
root-mean-square deviations for backbone heavy atoms inbinds in a deep groove formed by theanda. helices and
the helical regions of the free TAZ1 domain compared to theoy—a, connecting loop in the TAZ1 structuré,(8); this
complexes with HIF-& and CITED2 are 1.14t 0.17 and groove is absent from the surface of TAZ2 because of the
1.214+ 0.17 A, respectively (for ensembles of 20 structures repositioning of thea, helix (Figure 5C). In addition to
each). This shows that no significant structural rearrangementchanges in surface shape, differences in the amino acid
occurs upon binding to target proteins. Thus, TAZ1 acts as sequence lead to changes in the surface hydrophobicity that
a fully structured template for binding the intrinsically can influence the binding properties. Although the grooves
disordered activation domains of HIftland CITED. The that bind the LPXL motifs of HIF-& and CITED2 (formed
structural differences in the interhelical loops apparent in by ou/a, andai/os packing) are present in both TAZ1 and
Figure 4 are probably not significant, since these regions TAZ2, the hydrophobic residues that form the binding
are somewhat disordered in the solution structures and showinterface are replaced in TAZ2, thereby discriminating
signs of enhanced dynamics in relaxation experiments (J.against LPXL binding.
Lansing and P. E. Wright, unpublished data). Role of the TAZ1 Domain in CBP/p300 Protein Recogni-
Comparison of TAZ1 and TAZ2 Structur&oth TAZ tion. The data presented herein show that the TAZ1 domain
domains are comprised of four amphipathic helices that packis independently folded in the presence of zinc and does not
to form a hydrophobic core (Figure 5A). A HCCC zinc require binding to target proteins to form a stable three-
coordination site is located at the junction between each pairdimensional structure. Thus, the isolated TAZ1 domain
of helices and binding of zinc is required for stabilization of behaves as a preformed scaffold, exhibiting surfaces and
the folded structureboth the TAZ1 and TAZ2 motifs are  grooves that mediate prote#protein recognition. Previous
unstructured in the absence of zinc. The first three helices, studies have shown that the activation domains of HiF-1
oy—ag, are packed in the same topological arrangement in and CITED2 are intrinsically unstructured and undergo
both domains. Although the TAZ4, helix is longer by five coupled folding events on binding to TAZBL8). Our
residues than the corresponding helix in TAZZ the relative present structure shows that no significant conformational
position of the zinc atom in both domains is very similar. changes occur in TAZ1 upon binding to Hlfeand CITED;
The major structural difference between TAZ1 and TAZ2 the pronounced grooves in the surface of TAZ1 that are used
is in the different orientation of the fourth helig, (red in for binding these targets are preformed in the uncomplexed
Figure 5A). In TAZ1, thex; anday helices are both located  protein.
on the same side of helias, while in TAZ2 these helices
are on opposite sides af. The difference in the orientation ~ACKNOWLEDGMENT
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