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ABSTRACT The 1,25-dihydroxyvitamin D3 receptor, like
other members of the nuclear receptor superfamily, forms
dimers in solution that are probably stabilized by a dyad
symmetrical interface formed by the ligand-binding domain.
This receptor, however, recognizes DNA targets that are not
dyad symmetric but rather are organized as direct repeats of
a hexameric sequence with a characteristic 3-bp spacing. Using
molkular modeling and site-directed mutagenesis, we have
identified regions within the vitamin D3 receptor zinc finger
region that confer selectivity for direct repeats with appropri-
ate spacing. Reflecting the organization of the DNA target,
these regions, mapping to the tip of the flrst zinc flnger module
and the N and C termini of the second finger module, direct
asymmetrical protein-protein contacts. A stereochemical
model is proposed for these interactions.

The human 1,25-dihydroxyvitamin D3 receptor (hVDR) is a
member of a superfamily of ligand-inducible transcription
factors, which include the steroid and nuclear receptors.
These proteins are characterized by a modular organization
in which particular functions, such as ligand and DNA
binding, are encompassed by discrete domains. The well-
conserved DNA-binding domain contains two Zn finger-like
modules (1-4), and this segment directs DNA sequence
specificity through base contacts made by residues in the
a-helix of module 1 (Fig. 1). In the case of the steroid
receptors, such as the glucocorticoid and estrogen receptors,
the domain also directs preference for palindromic targets
through a self-complementary interface made by residues in
module 2 (4), a region referred to as the D-box (6). As a result
of protein-protein interactions formed by the optimal align-
ment of the dimerization interface, two molecules of the
DNA-binding domain of the steroid receptors bind their
targets cooperatively (7-10).

In contrast to the palindromic symmetry of the steroid
receptor response elements, the DNA targets for hVDR and
many other nuclear receptors are often organized as direct
repeats (DRs). Although the half-site sequence of various
nuclear receptor response elements is frequently the same,
the spacing between the sites differs and in some cases may
give rise to target discrimination. Characteristic spacings can
lead to activation in vivo of reporter genes by vitamin D3,
thyroid hormone receptor (TR), and retinoic acid receptors
(RARs) (11, 12). All three receptors have also been shown to
form heterodimers with the receptor for 9-cis-retinoic acid
(13), called RXR (retinoid X receptor) (14); this association
affects binding affinity and may result in a physiological
interplay of the corresponding hormones (15-24).
hVDR recognizes a hexameric DNA sequence arranged as

a DR with a spacing of 3 bp (DR+3) (11). We find that the
hVDR DNA-binding domain (VDRdbd) binds a DR+3 target
cooperatively, and we present evidence that this effect is
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FIG. 1. Primary sequence and secondary structures of VDRdbd
(5). Structural assignments are based on the crystal structure of the
GRdbdglucocorticoid response element complex (4). Helical re-
gions are boxed. Residues in GRdbd that direct dyad symmetrical
dimerization are circled; those residues shown to be important in
target-site discrimination are boxed. Residues that are proposed here
to form an asymmetric dimerization interface are circled and dark-
ened.

mediated by protein-protein contacts. The protein mono-
mers are proposed to lie in a head-to-tail orientation on the
DNA so that the protein-protein contacts are nonequivalent.
This type of interaction differs from that found in the steroid
receptors, where dyad-symmetric contacts are made be-
tween monomers on palindromic DNA targets. Three possi-
ble regions within the VDRdbd that harbor the nonequivalent
contacts were identified by modeling, using the crystal struc-
ture of the dimeric glucocorticoid receptor DNA-binding
domain (GRdbd) bound to a glucocorticoid response element
(4). Residues in these three regions were exchanged for the
corresponding amino acids from the RAR and/or TR, and the
DNA-binding patterns of these mutant proteins were tested
with DR elements having spacers of 3, 4, and 5 bp. The
mutants no longer bind the DR+3 element cooperatively.
When the same substitutions are introduced into the full-
length hVDR, the protein loses its preference to bind the
DR+3 target over DR+4 and DR+5 targets. These observa-
tions suggest that an asymmetrical protein-protein interface
is formed by the DNA-binding domain and is a critical
component of hVDR's target recognition.

MATERIALS AND METHODS
Construction of Bacterial Overexpression Vectors and Pro-

tein Purcation. A vector for bacterial overexpression of
full-length hVDR protein was constructed by modification of
both ends ofahVDRcDNA clone (5) to create Sma I, EcoRl,
BamHI, and Nde I restriction sites at the 5' end and HindIlI
and BamHI sites at the 3' end. This was accomplished by
designing two oligonucleotides containing these sites and

Abbreviations: hVDR, human vitamin D3 receptor; VDRdbd, hVDR
DNA-binding domain; GRdbd, glucocorticoid receptor DNA-
binding domain; DR, direct repeat; RAR, retinoic acid receptor;
RXR, retinoid X receptor; TR, thyroid hormone receptor.
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incorporating them into the hVDR sequence by PCR ampli-
fication. The 5' primer sequence is 5'-CCCGGGAATTCG-
GATCCAACATATGGAGGCAATGGCGGCCAGCACT-
TCCCTG-3'; the 3' primer sequence is 5'-CCCGGGGGATC-
CAAGCTTAGGAGATCTCATTGCCAAACACTTCG-3'.
The amplified product was purified, digested with Nde I and
BamHI, and ligated into those sites in the T7 overexpression
vector pAR3040 and used to transform BL21(DE3)/pLysS
(25). Typically, 1000 ml of logarithmically growing culture
was induced for 3 hr with 0.5 mM isopropyl f3-D-
thiogalactopyranoside; the cells were collected, resuspended
in 5 vol of protein lysis buffer 1 [50 mM Tris HCl, pH 7.5/1
mM EDTA/l0o (vol/vol) glycerol/500 mM NaCl/4 mM
CaCl2/40 mM MgCl2/5 mM dithiothreitol/0.5 mM phenyl-
methylsulfonyl fluoride], and sonicated on ice for three
10-sec intervals. The lysate was then incubated with DNase
I (50 ,ug/ml) and RNase A (10 pg/ml) for 20 min and then
centrifuged at 10,800 x g for 10 min. The pellet was resus-
pended in 10 vol ofbuffer 2 (50mM Tris HCl, pH 7.5/0.5 mM
EDTA/l0o glycerol/50 mM NaCl/100 pM ZnCl2/5 mM
dithiothreitol/0.1% Triton X-100). The pellet was resus-
pended in buffer 2 (without detergent) containing 6 M gua-
nidine hydrochloride and incubated overnight at 4°C. After
centrifugation for 10 min at 10,800 x g, the supernatant
containing the denatured hVDR protein was renatured by
dialysis for 8 hr against buffer 3, with three changes. The
dialyzate was centrifuged at 14,000 rpm for 10 min and the
supernatant was applied to a Superose 12 HR 10/30 column
(Pharmacia) equilibrated with buffer 3. The pooled hVDR
eluant was 70-80% pure, as assessed by SDS/PAGE. Vec-
tors expressing the VDRdbd (residues 16-114) and its mutant
derivatives were constructed and the protein products were
purified as described (26). VDRdbd contains 14 N-terminal
and 14 C-terminal non-VDR amino acids originating from the
cloning vector and linkers; the sequences are ASMTG-
GQQMGRGSP and MGELGFPGLEDPST, respectively.

Oligonucleotide-Directed Mutagenesis. Site-directed muta-
genesis was carried out by subcloning the hVDR- or
VDRdbd-encoding fragment into pBluescript KS- (Strata-
gene), generating single-stranded template, and synthesizing
the mutant strand with respective mutagenic oligonucleo-
tides. The resulting mutant pools were screened for the
appropriate codon changes by dideoxynucleotide DNA se-
quencing. Mutants were subcloned back into the original T7
vector and reconfirmed by sequencing; mutant proteins were
overexpressed and purified as described above for VDRdbd
and hVDR.
DNA-Binding Assay. DNA binding was assessed by gel

mobility-shift electrophoresis as described (26). The se-
quences of the probes used (top strand, half-site recognition
elements underlined) are as follows: DR1/2', 5'-AGCTTCG-
CAGTTCAAGGAAGCTAGAGCA-3'; DR+3' probe, 5'-
AGCTTCGCATIICAAGGAGTICAGAGCG-3'; DR+4',
5'-AGCTTCGCAGTTCACAGGAGTTCAGAGCG-3'; and
DR+5', 5'-AGCTTCGCAGTTCACCAGGAGTTCA-
GAGCG-3'.

Quantitation of DNA Binding. Individual bands from mo-
bility-shift gels representing free and bound DNA elements
were recorded on a phosphor screen for 30 min and scanned
with a Phosphoimager 400-E (Molecular Dynamics) set to
detect 32P radioactive emissions; the signals were digitized
and quantified with Image Quant software (Molecular Dy-
namics) and corrected for background. Cooperativity was
determined by calculating the Hill's coefficient of both wild-
type and mutant VDRdbd derivatives to the DR+3' target
probe. Hill's coefficient is the maximal slope of log[Y/(l -
Y)] versus log[P] at half-maximal saturation, where Y is the
fraction of sites occupied and [P] is the protein concentration.
A Hill's coefficient of 1.0 implies no cooperativity; >1.0
indicates positive cooperativity; <1.0 indicates negative

cooperativity. The Hill's coefficients were calculated here by
assuming two binding sites in the oligonucleotide probes.

RESULTS
hVDR Binds Preferentially to a DR+3 Element. Purified

recombinant hVDR binds with high affinity to the vitamin D
response element ofthe mouse osteopontin (Spp-1) gene (27).
This target is composed of a DR of the half-site 5'-
GGTTCA-3' with a 3-bp separation. We designed a synthetic
binding site that had equally high affinity for hVDR carrying
a similar half site repeat 5'-AGTTCA-3' (DR+3'; Fig. 2).
Two half-sites appear to be required for strong hVDR bind-
ing, since the protein did not bind detectably to an element
composed ofa single half-site (Fig. 2). hVDR has an -30-fold
lower affinity for sequences when the separation between the
half-sites is increased by 1 or 2 bases (DR+4' and DR+5',
respectively; Fig. 2). The purified hVDR binds the DNA
target as a homodimer. Mixing hVDR with a larger glu-
tathione-S-transferase-hVDR fusion protein results in three
shifted species when bound to the DR+3' target, suggesting
that hVDR binds DNA as a dimer (data not shown). A similar
result is seen when hVDR is mixed with a glutathione-S-
transferase-RXRa fusion and bound to the target probe,
confirming that hVDR also forms heterodimers with RXR on
the DNA target. Like homodimeric hVDR, the heterodimer
preferentially associates with the DR+3' element over
DR+4' and DR+5' (data not shown).
VDRdbd Alone Confers Half-Site Spacing Selectivity. The

spacing preferences ofhVDR were further examined by using
the isolated DNA-binding domain (VDRdbd) (26). At low
concentrations, a single shifted band is evident when this
protein is incubated with a half-site element (DR1/2; Fig. 2
Lower) or with the DR+3', DR+4', and DR+5' elements
(shift 1 in Fig. 2), suggesting that VDRdbd, like the DNA-
binding domains of the glucocorticoid and estrogen recep-
tors, is monomeric in the absence ofDNA (2, 3, 28). As the
protein concentration is increased, a second VDRdbd mono-
mer binds preferentially to the DR+3' element (shift 2 in Fig.
2). Much higher levels are required for a second monomer to
bind DR+4' and DR+5'. Two VDRdbd monomers bind the
DR+3' cooperatively (i.e., binding of the first monomer
favors binding of a second; see below and Fig. 3C) but bind
DR+4' and DR+5' noncooperatively. This suggests that
binding of the VDRdbd to a DR+3' target could occur
through favorable protein-protein interactions resulting from
stereospecific alignment of a dimerization interface.
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FIG. 2. Half-site spacing selectivity of hVDR and its DNA-
binding domain. DNA-binding activities ofoverexpressedhVDR and
VDRdbd proteins were assayed by gel-mobility retardation. In each
panel, 0.5 ng of the indicated end-labeled probe was incubated with
0, 75, 150, and 300 ng ofhVDR protein (Upper) or 0, 25, 50, and 100
ng of VDRdbd protein (Lower).
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DNA-Binding Analysis of Asymmetric Dimer Interface Mu-
tants. The interactions of two VDRdbd- molecules on a direct
repeat element were modeled using the crystal structure of
the GRdbd-glucocorticoid response element complex (4).
The model was constructed by rotating one of the GRdbd
monomers by 1800 in its binding site. The position of the
rotated monomer in the major groove was fixed by base-
specific contacts made by the N-terminal a-helix. Although
this type of modeling cannot give accurate details of the
interaction, it can reveal regions where contacts between
monomers on a DR+3 element could be made. The modeling
suggests that intermolecular contacts could form between
residues in the vicinity of the C terminus of one monomer
with residues in module 2 of the neighboring monomer (see
Fig. 5). This interface may be supported by intramolecular
contacts between residues in the tip ofmodule 1 and residues
in the vicinity of the C terminus of module 2 (regions of
potential contact are highlighted in Fig. 1). The residues in
these regions are hydrophobic, and the intramolecular pack-
ing would mask them from solvent.
We used site-directed mutagenesis to test the role of

certain residues from the indicated regions in target site
selection. As shown in Figs. 3 and 4, substitutions in the tip
of module 1, the beginning of module 2, and the C-terminal
boundary of module 2 all alter the spacing specificity of
hVDR for a DR+3 element. The mutations replace hVDR
residues with corresponding amino acids from TR and/or
RAR, which preferentially bind to DR+4 and DR+5 sites,
respectively. The single substitution F-34 -- Y (F34Y) in the
tip of the first finger results in hVDR binding equally well to
DR+3', DR+4', and DR+5' sites (see Fig. 4A). This relaxing
of spacing specificity is also observed when the substitution
F-62 -- Y is introduced in the D-box of module 2 (Fig. 4A).
The relaxation effect becomes more prominent when the two
substitutions are introduced together (Fig. 3A) and may
actually confer a modest preference for the DR+5' element.
Introducing this same double mutation into VDRdbd also
alters its spacing selectivity: the mutant protein now exhibits
the same titration behavior irrespective of half-site spacing
(compare Fig. 3B and Fig. 2). Our results further indicate that
while the wild-type VDRdbd occupies the two half-sites of a
DR+3' cooperatively, this cooperativity is abolished in the
F34Y/F62Y double mutant (Fig. 3C). In Fig. 3D, these data

are presented as Hill plots; the Hill coefficients for the
wild-type and mutant proteins are 1.4 and 0.9, respectively.
Importantly, the mutations do not appear to affect the affinity
of the first DNA-bound monomer by more than a factor of 3.
Therefore, the substitutions must disrupt favorable protein-
protein interactions occurring when the monomers are
aligned on the DR+3' target.
The Role of the T-Box. An additional key region involved

in the putative asymmetric interface is located just outside
the C terminus ofmodule 2 in a region referred to as the T-box
for its role in RXR8 target recognition (30). We find that a
substitution of F-93 of this box (Fig. 1) to alanine, the
corresponding residue ofRARy, can relax hVDR binding site
selectivity (Fig. 4A, lanes 28-36). This effect is qualitatively
similar to that resulting from a single mutation of F-34 within
module 1 or F-62 residing in the D-box of module 2 (lanes
10-18 and 19-27, respectively).
When the F93A mutation is combined with F34Y, the same

loss of half-site spacing specificity is observed (data not
shown), whereas the double-mutant F34Y/F62Y appears to
gain a modest preference for the DR+5' element (Fig. 3A).
Intriguingly, this DR+5' preference is further enhanced in a
composite hVDR mutant carrying three additional mutations
near the tip of module 1 (N37G/A38V/M39S) combined with
changes at the three other positions already described (F-34,
F-62, F-93) (Fig. 4B). Except for the F62Y substitution in the
D-box, all the changes are to corresponding residues of the
RARs, which prefer to bind to aDR+5 element. This multiple
hVDR mutant heterodimerized with RXRa (as a glutathione-
S-transferase-RXRa fusion) also exhibited a preference for
the DR+5 site (data not shown).

Cumulatively, the results from the various mutants impli-
cate three distinct but equally important segments of the
VDRdbd as encoding the asymmetrical dimerization func-
tion: (i) the loop region of module 1; (ii) segments of module
2, including the previously defined D-box (6), a region that
plays an important role in formation ofthe symmetrical dimer
interface of steroid receptors (4); and (iii) the T-box, a region
=5 residues beyond the C terminus of module 2 (Fig. 1).

DISCUSSION
The subgroup of nonsteroid receptors that recognize the
estrogen response element core half-site, AGGTCA, may
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FIG. 3. Mutations in two regions of the DNA-binding domain relax spacing selectivity in hVDR. (A) Double-mutant F34Y/F62Y in hVDR
abolishes preferences for DR+3' over DR+4' and DR+5'. Protein titrations were done as described in Fig. 2. (B) Double-mutant F34Y/F62Y
in the context of the VDRdbd. Mutations weaken the preference for a dimer to bind DR+3' over DR+4' and DR+5'. (C) Cooperative binding
ofVDRdbd to a DR+3' element (Left) and the loss of cooperativity in the double mutant (Right). Concentration ofprotein used in both titrations
ranged from 7 to 280 nM. (D) Hill plots of the VDRdbd wild-type (*) and mutant (0) DNA-binding titrations presented in C. Plots were obtained
by using the logarithms of VDRdbd concentration (nM) and Y/(1 - Y), where Y is the fraction of binding sites occupied. Slope becomes 0.8
at the higher end of the wild-type titration, whereas it should be 1.0 here as well as at the lower end (29), and the curve is asymmetric about
the midpoint. These discrepancies may arise from gel artifacts.
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FIG. 4. (A) Single mutations are sufficient to relax hVDR spacing selectivity. In each series, 50, 100, and 200 ng of the indicated hVDR
single-residue mutant was mixed with DR+3, DR+4, and DR+5 probes. Lanes: 1-9, wild-type (wt) hVDR; 10-18, hVDR F34Y; 19-27, hVDR
F62Y; 28-36, hVDR F93A. F and B, free and bound probe, respectively. Note that mobilities of bound probe vary since wt hVDR and F62Y
were electrophoresed on one gel, and F34Y/F93A were electrophoresed on another. (B) Composite mutant carrying substitutions in the three
regions involved in an asymmetric interface relaxes the spacing selectivity. Mutations in hVDR (hVDRmut) are as follows: F34Y, N37G, A38V,
M39S, F62Y, and F93A. For each probe, 0, 50, and 100 ng of the hVDR mutant was used, as indicated.

distinguish targets by recognizing the relative orientation and
spacing of two such sites. This group includes TR, RAR, and
VDR, as well as many orphan receptors. In some cases, the
response elements are arranged as DRs, which suggests that
the proteins may bind as asymmetrical dimers (i.e., in a
head-to-tail orientation), in contrast to the steroid receptors,
which form symmetrical dimers on their DNA targets. The
asymmetrical dimer of hVDR, and perhaps other receptors,
appears to be stabilized by protein-protein interactions
within its DNA-binding domain, as we have described here.
Using a yeast genetic screen, Wilson et al. (30) have

identified a region of RXRI3 that confers transcriptional
activation from an element composed ofAGGTCA DRs with
a single-base spacer. Amino acids mediating this effect lie in
a region C-terminal to module 2, which they term the T-box.
These investigators have suggested that residues in the T-box
direct protein-protein interactions for RXR,8. We find that
specific residues in the corresponding region of hVDR (i.e.,
F-93) play an analogous role and define in part the preference
of hVDR for a DR+3 element.
We propose that the residues in the T-box region ofhVDR

make an intramolecular packing against residues in the tip of
module 1 (Fig. SA). For instance, the C-terminal residues
F-93, I-94, and L-95 may make hydrophobic interactions with
F-34 and with the residues N-37, A-38, and M-39 in module
1. This intramolecular interaction does not occur in the
crystal structure of the GRdbd-DNA complex (4), where the
corresponding residues are overall less hydrophobic. The
proposed interaction would orient and stabilize the T-box of
one hVDR monomer to make intermolecular contacts with
module 2 of an adjacently bound monomer on the DR+3
element (Fig. SB). For example, the charged and polar
residues flanking the hydrophobic tripeptide (FIL) may con-
tact charged residues in the short a-helix of module 2 (i.e.,
H-75) or within the D-box (Fig. 5B). The intramolecular
hydrophobic interactions between the T-box and module 1,
and the intermolecular contacts between the T-box and
module 2, might be disrupted or diminished by the substitu-
tions introduced here. The substitutions would therefore
affect DNA-binding selectivity through effects on the asym-
metrical dimerization interface. While the T-box region is
poorly conserved in the nuclear receptor superfamily, there
is a tendency for hydrophobic residues to cluster here and in
the tip of module 1. The details of the interface may differ
from receptor to receptor, but it is possible that other
receptors might fold similarly to hVDR so that they too bind

selectively to their respective targets through asymmetrical
interactions of DNA-binding domains.
Recent experiments indicate that RXR forms heterodimers

with many other nuclear receptors, including hVDR (15-21).
The interaction of RXR with RAR and TR appears to be
critical for recognition of certain direct repeat elements. For
example, TR/RXR and RAR/RXR heterodimers bind pref-
erentially to a DR+S and a DR+4 element, respectively,
whereas TR, RAR, and RXR alone do not (T. Perlmann and
R. M. Evans, personal communication). In the case of
hVDR, both the homodimer (as shown here) and the RXR-
hVDR heterodimer bind preferentially to a DR+3 target. In
vivo, there may be circumstances in which the homodimer is
dominant and other conditions when the heterodimer is
favored. Indeed, Carlberg et al. (32) have rec.ntly proposed
a two-pathway system for vitamin D function that is con-
trolled by homodimers and RXR heterodimers. This may
result in complex physiological responses as a result of the
interplay of the ligands and concentrations of the two recep-
tors.

Iffull-length nuclear receptors were to associate withDNA
in a fashion that mirrors the direct repeat, then these proteins
might be expected to form virtually endless polymers. In-
stead, hVDR and other nuclear receptors form stable dimers:
either homodimers or, in complex with RXR, heterodimers.
This association probably occurs through a well-conserved
interface made by the ligand-binding domain (33, 34), which
probably has exact or approximate dyad symmetry for ho-
modimers and heterodimers, respectively. The linkage be-
tween the interfaces made by the ligand-binding and DNA-
binding domains must be sufficiently flexible to permit the
latter domain to match the orientation of the sequence repe .t
of the DNA target site. The ligand-binding domain's dimer
interface provides the principal organizational effect ofbring-
ing two DNA-reading heads within proximity of each other
and would reduce the entropy penalty of association of the
DNA-binding domain to its target. This interaction would in
turn allow the proper interface between two DNA-binding
domains to form and selectively match a direct or inverted
repeat, depending on the interface (Fig. 5C).
As is the case with receptor sequence specificity, the

spacing selectivity of hVDR and other steroid/nuclear re-
ceptors appears to be directed by a few amino acids at pivotal
points in the DNA-binding domain. It seems a remarkable
invention of evolution that small variations of this region
have generated tremendous DNA-binding specificity and
functional diversity in the superfamily.
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FIG. 5. Models for intramolecular and intermolecular contacts involved in asymmetric target-site binding. (A) Intramolecular interaction of
the T-box ofhVDR with the tip of module 1. Helices (ribbons), the Ca backbone trace (lines), side chains of selected residues of the T-box and
module 1 tip (ball and stick), and metal coordinating cysteines are shown. The two zinc ions are represented by spheres. Recognition a-helix
of module 1, which lies in the major groove of the DNA, is oriented horizontally. Principal helix of module 2 lies vertically. F-93 of the T-box
may pack against N-37 and F-34, which is supported by A-38, and, possibly, M-39. 1-94 and L-95 may also pack against the tip (not shown, for
clarity). Hydrophobic interactions may orient the T-box to make intermolecular contacts, as suggested in B. (B) Orientation of monomers on
the DNA. DNA in the background, and, for clarity, only a trace of its phosphate backbone is shown (thicker lines). Arrows on right indicate
direction of sequence repeat and monomer orientation, which, for comparison, is the same as that ofA. Brackets on left indicate approximate
boundaries of module 1 from monomer 1 and the Zn loop region of module 2 from monomer 2. The module 1 residue, F-34, is boxed; all other
indicated residues belong to module 2 (H-75 and F-62 from monomer 2, underlined) or the T-box (F-93 and E-92 from monomer 1). Intermolecular
contacts could form between residues of the T-box (e.g., E-92) of one monomer and residues of the D-box and short a-helix in module 2 (such
as H-75) of the neighboring monomer. A and B were prepared by using MOLSCRIPT (31). (C) Schematic showing relationship between target-site
symmetry.,and protein-protein interactions. Case i illustrates dyad-symmetrical dimerization through the ligand-binding domain (shaded
rectangles), which maintains the DNA-reading heads (open arrows) in proximity for association. The two domains are connected by a flexible
peptide linker. Case ii shows the representative case of steroid receptors, where dyad-symmetric dimers bind elements composed of inverted
repeats with suitable spacing.
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