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ABSTRACT. Ligand-dependent stabilization of the estrogen receptor (ER) is often postulated, with limited
support from experimental data. We studied the thermal unfolding of recombinamtbigReircular
dichroism (CD) spectroscopy. Tfig of unfolding of ERx was 38+ 2.4°C, and the van't Hoff enthalpy

of unfolding was 31.7 3.4 kcal/mol in the absence of ligands. Addition of estradig) (Ecreased the

Twu to 43.6+ 2.3°C, while addition of i and an oligonucleotide harboring the estrogen response element
(ERE) increased théy to 47.9+ 1.6 °C. Addition of the antiestrogen 4-hydroxytamoxifen (HT) alone

did not increase th&y; however, a combination of HT and the ERE increasedTi¢o 48.9+ 1.0°C.

The ERE alone increased thg to 46.1+ 0.9 °C. Addition of E, alone had no effect on the apparent
enthalpy of unfolding; however, the ERE alone increased the apparent enthalpy from 31.7 to 36.1 kcal/
mol. ERx samples containing the ERE also exhibited an increase in the negative ellipticity at 208 and
222 nm, relative to that of ligand-free ERsuggesting a stabilization of thehelix. CD data analysis
further showed that the presence of the ERE caused a large increagelital content of ER in both

the presence and absence of the ligands. This increasd@lical content of ER was not observed in

the presence of a nonspecific oligonucleotide. These results show that the ERE can increase the thermal
stability of ERx, enhance itsx-helical content, and facilitate the cooperativity of the folding transition.

Estrogen receptors (EBRand ERp)! are ligand-activated Recent X-ray crystallographic studies on the ligand binding
transcription factors that mediate the actions of the female domain of ER ¢ andf) have identified the positioning of
sex hormone, estradiol, its metabolites, and synthetic mimicsthe ligand in a well-defined hydrophobic pocket of the protein
(1—4). Estradiol and other ligands are believed to alter the (7—9). Similar studies on the DNA binding domain have
conformation of ER so that it acquires a high affinity for indicated that the protein binds as a symmetrical dimer to
DNA and binds to specific sequences, the ERE, present inthe palindromic consensus sequerid® {1). There has been
the promoter/enhancer region of estrogen-responsive genesao crystallographic or NMR study on the whole protein to

This binding and the associated changes in the chromatingssess ligand-induced changes in the total ER protein
structure initiate transcriptional activation of estrogen- structure.

responsive genes. Activation of a cell- and tissue-specific
network of genes enables estradiol and ERs to exert multiple
functions, not only on the reproductive system but also on
several other organ systent; ).

A conventional avenue for exploring ligand-induced con-
formational changes has been to examine changes in protease
sensitivity due to ligand or DNA binding. Studies on protease
sensitivity of the whole protein have produced contradictory
results. Fritch et al.12) did not observe any difference in
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CD spectral measurementd7f of recombinant ER were included. The markers consistedEsfcherichia coli
provide a sensitive technique for examining the interactions -galactosidase (116 kDa), bovine serum albumin (66 kDa),
between the ligandreceptor complex and the ERE. In the chicken egg ovalbumin (45 kDa), and bovine erythrocyte
study presented here, we determined the helical contents ofcarbonic anhydrase (29 kDa).
recombinant ER using CD spectroscopy in the presence  Oligodeoxyribonucleotide$iPLC/PAGE-purified ODNs
and absence of &£ HT (the active metabolite of the were purchased from Oligos, Etc., Inc. (Wilsonville, OR).
antiestrogen tamoxifen), and an oligodeoxyribonucleotide The integrity of the ODNs was tested by-énd labeling,
harboring the consensus ERE. Spectral changes indicated thabllowed by polyacrylamide gel electrophoresis. A 41-
the agonist and antagonist provoked changes in the confor-nucleotide ODN containing the consensus ERE and a 38-
mation of ERy, with the presence of the ERE inducing the nucleotide complementary ODN was used for EM28
largest increase inmx-helical content. Thermal unfolding 22). A mutant ERE with two base pair difference was also
studies of ER. using CD spectroscopy further showed a used for EMSA. ODNs were dissolved in a buffer containing

significant stabilization of ER protein structure in the
presence of the ERE.

MATERIALS AND METHODS

Materials [*H]E, was from New England Nuclear (NEN)
Life Science Products, Inc. (Boston, MA). The specific
activity of [*H]E, was 72 Ci/mmol. Full-length recombinant
human ER was purchased from Panvera Corp. (Madison,
WI). The stock solution was in 50 mM Tris-HCI (pH 8),
500 mM KCI, 2 mM dithiothreitol (DTT), 1 mM EDTA, 1

10 mM Tris-HCI (pH 7.5) and 50 mM NaCl, and dialyzed
three times against the same buffer before being used. An
ODN having a similar distribution of purines and pyrimidines
and GC content, arranged in a scrambled sequence, was used
as a control ODN. Base sequences of the ERE, mutant, and
control ODNs are listed with the palindromic ERE and
corresponding mutant sequence underlined: ERE&ATC-
CAGGTCAGAGTGACCTGAGCTAAAATAA-
CACATTCAG-3 and 3-GGTCCAGTCTCACTGGACTC-
GATTTTATTGTGTAAGT-5; mutant ERE, 5GATCCA-
GGTCAGAGTGCACTGAGCTAAAATAACACATTCAG-

mM sodium orthovanadate, and 10% glycerol. The dextran- 314 3.CTAGGTCCAGTCTCACGTGACTCGATTT-

coated charcoal (DCC) assay for &Rgand binding activity
yielded a concentration of 104& 140 pmol/mL or~66
ug/mL.

TATTGTGTAAGTC-5; and control ODN, 5AAAGCTC-
GCTTCCTGAAGACGTTCTCGAAGAGAAATCTCTT-
3 and 3-CGAGCGAAGGACTTCTGCAAGAGCTTCT-

DCC Assay and Sucrose Density Gradient Analysis of CTTTAGAGAA-5'.

ERa. For these assays, an &Rtock solution was diluted
1000-fold in a buffer containing 10 mM Tris, 1 mM EDTA,
2 mM dithiothreitol, 10% glycerol, and 1 mg/mL BSA. ER

was incubated with 5 nM3H]E, for 3 h at 4°C (18, 19).

Electrophoretic Mobility Shift AssafEMSA experiments
were conducted using recombinant &Ras previously
described 20). The duplex ERE was labeled withy-f2P]-
ATP using a 5end labeling kit from Boehringer Mannheim

This concentration was determined to be at the saturation(indianapolis, IN). Approximately 2000680000 cpm of the
level by Scatchard analysis. After incubation, unbourd E 32p-|gbeled probe was mixed with 500 ng of human
was removed by incubating it with dextran-coated charcoal recombinant ER. The final concentrations in the binding
(final concentrations, 0.01% dextran and 0.1% charcoal) for puffer were 10 mM Tris-HCI, 150 mM KCI, 10% glycerol,
10 min at 4°C. The samples were then centrifuged, and the 1 mM dithiothreitol, and 1@«g/mL poly(di-dC)poly(dI-dC).
amount of radioactivity of the supernatant was determined The binding reaction was allowed to proceed foh at 4

by liquid scintillation counting. The level of nonspecific °C, and for 30 min at 28C, and then the mixture loaded on
binding was determined in parallel samples incubated with a 69 polyacrylamide gel. Electrophoresis was performed at

5 nM [®H]E; alone or in combination with a 100-fold molar
excess of unlabeled ;E Concentrations of E®R were
determined from the specifically boundH]E,. For the

200 V for 3 h. The gel was dried and exposed to Kodak
Biomax MR-1 film for autoradiography for 2448 h. The
intensity of the DNA-protein band was quantified using a

sucrose density gradient assay, the supernatant was loadedcanijet 4c flatbed scanner (Hewlett-Packard), and analyzed

on a 10 to 30% linear sucrose gradient in TEDG buffer.
Gradients were centrifuged in a Beckman SW60 rotor
(Beckman Instruments, Inc., Palo Alto, CA) at 2506006r

16 h (8, 19). Fractions were collected into 5 mL of
scintillation fluid, and the amount of bound radioactivity was
quantified using a scintillation counter.

Polyacrylamide Gel Electrophoresi®ecombinant ER
was analyzed by SDSolyacrylamide gel electrophoresis.
Protein (0.5, 1, 2.5, and Bg) was diluted with a buffer
containing 125 mM Tris-HCI (pH 8.0), 4% SDS, 30%
glycerol, and 150 mM dithiothreitol. The samples were boiled
for 5 min, loaded on a 10% polyacrylamide gel, and
electrophoresed at 200 V in a running buffer (192 mM
glycine, 25 mM Tris base, and 0.1% SDS). The gel was fixed
and stained with a Coomassie brilliant blue solution (0.25%
Coomassie brilliant blue in 45% methanol and 10% glacial
acetic acid) fo 3 h and destained in water for 4 h. Protein

using NIH Image version 1.6 software.

CD Spectroscopyrlhe stock solution of ER (see above)
was diluted 1:4 for the CD measurements. The final
concentrations in the buffer were 20 mM Tris-HCI (pH 8),
125 mM KCI, 2 mM DTT, 0.25 mM EDTA, 0.25 mM
sodium orthovanadate, and 2.5% glycerol. Data were col-
lected on an Aviv model 64D circular dichroism spectrometer
fitted with a five-compartment thermal equilibration chamber.
Spectra were collected from 260 to 200 nm at 0.25 nm
intervals, collecting fo2 s ateach point. Data were smoothed
using the method of Savitsky and Gol&@8J and corrected
for the contribution of the cells. Spectra were also corrected
for the contribution of the ERE in samples containingcER
and the ERE.

Estimates of Secondary Structure Contdihite secondary
structure content of E®R in the absence and presence of
estrogens, antiestrogens, and the ERE was estimated by

molecular mass markers (NEN Life Science Products, Inc.) fitting the data using the neural net program of Bohm et al.
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(24) and by a nonconstrained least-squares fit of the data to
peptide reference standards, as described by Brahms and 4000
Brahms 25).

Thermal Stability Measurement¥o measure the effect
of the ligands on the thermal stability of ERthe ellipticity
at 222 nm was followed as a function of temperature. Points
were taken from 25 to 70C at 0.2°C intervals, collecting
data at each point for-510 s. To determine the apparent
Tw and enthalpy of folding, data were fit to the following
equations, assuming that all the ellipticity change was due
to a two-state transition between the folded and unfolded 0 L e

receptor: 0 10 20 30
Fraction Number

>

[3H]-Estradiol, cpm
P} 8
3 ]

:

k= exp{[AH/(RD][(T/Tyond — 11} @ B
y=k(1+k) )
Oobs= (Omax = Omin)Y T+ Omin )
wherebqpsis the ellipticity found at any temperatum@yax is I - . -,-—f’,

the maximum ellipticity corresponding to fully folded BR Ficure 1: (A) Sucrose density gradient analysis of recombinant
Omin is the ellipticity corresponding to the unfolded &R ERa. The stock solution was diluted 1000-fold and incubated with

AH is the apparent van't Hoff enthalpy of foldin@uops is 5 nM [*H]estradiol. The free ligand was removed by DCC treatment,
the midpoint of the folding transition, anR is the gas and the supernatant was analyzed by a 10 to 30% linear sucrose

gradient. Centrifugation was at 250@Dfor 16 h. Fractions were
constant (1.986 cal/molfimax Omin, Tuobs and AH were collected from the bottom of the gradieAtC-labeledy-globulin

estimated by nonlinear least-squares curve fitting using the (7S) and bovine serum albumin (4.5S) were used as external

commercial program SigmaPlot 2.0 (Jandel Scientifis, ( markers. Total bindingQ) and nonspecific binding®) in the

26). Note that the enthalpy calculated by this method is not Presence of a 100-fold excess of unlabeled estradiol are shown.
; : B) SDS gel electrophoresis of recombinantdeRanes contained

atrue ther_modynamlt_: parameter, be_cause the unfolding wa 5.1, 25, 2.5, and g of ERa protein. Protein bands were

_not reversible. In addm_on,_ no corrections were ma_de to take \isyalized by Coomassie brilliant blue staining.

into account the stoichiometry of the recepttigand

complexes. The enthalpy measurements are given only as Mutant ERE ERE F.P.

estimates of the cooperativity of the unfolding transition for

comparative purposes.

RESULTS ER.ERE— | i b il W o

Since the ligand binding activity of ERis very labile, it
is important to document the ligand binding activity and
integrity of the protein before conducting the CD studies.
Figure 1A shows a sucrose density gradient analysis of. ER
A stock solution of ER was diluted 1000-fold in TEGD
buffer and incubated with 5 nM3H]E, for 3 h, and the

samples were analyzed with a 10 to 30% linear sucrose ERE — “
density gradient. The receptor sedimented as a 7S form,
confirming the ligand binding to a discrete molecular form g ee 2: Electrophoretic mobility shift assay of recombinantER

of the receptor. The sum of specifically bound radioactivity Samples of ER were incubated wit?P-labeled ERE oligonucle-
from the gradient was consistent with the level of binding otide in the binding buffer [10 mM Tris-HCI, 150 mM KCI, 10%

determined from the DCC assay. Figure 1B shows the resultgggi?‘m'gtﬁ mM dithiothreitol, ?mﬂ. 1D9/f?|- pOlyl(dkl)-(i'CO)lpol{(dlt- ERE
. - ; , with increasing concentrations of an unlabeled mutan

ofa SDS—ponacryIamlde gel glgctrophoretlc analysis of the or an unlabeled ERE. Protein DNA complexes were analyzed by

ERa protein. Samples containing 6-5 xg of ERa were native polyacrylamide gel electrophoresis. The first lane is control

used for the electrophoretic analysis. A major band of the without the addition of unlabeled oligonucleotide. The following

expected ER protein was found at66000 Da, with a very eight lanes contained samples in which an unlabeled mutant ERE

light band of~50000 Da in the lane loaded with /g of or an unlabeled ERE was included at 5-, 10-, 50-, and 100-fold
excess concentrations compared to #ielabeled ERE. The last

the prOtei_n' o . lane contained théP-labeled ERE without E&®
To confirm the DNA binding activity of ER, EMSA was

conducted. An oligonucleotide containing the ERE was end complexes. A single band of the BERERE complex was
labeled with |-?P]JATP and incubated with ER The found even after extended autoradiographic exposure, sug-
reaction products were then analyzed by nondenaturinggesting that the lower-molecular mass protein does not have
polyacrylamide gel electrophoresis, and autoradiography wasdetectable ERE binding activity. Addition of unlabeled
conducted. Figure 2 shows the results of a typical EMSA oligonucleotide consisting of a mutant ERE did not alter the
showing the mobility of the free ERE and BFERE intensity of the ERERE complex, while addition of an
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FiGURE 3: CD spectra of recombinant BRin the presence of ~ FIGURE 4: CD spectra of recombinant ERin the presence of
estradiol. Spectra from contraDj, 5 uM estradiol (), 5xM ERE 4-hydroxytamoxifen (HT). Spectra from contr@), 5uM HT (<),

(m), and 54M estradiol and 5M ERE (v) treatment groups are ~ and 5uM HT and 5uM ERE (®) treatment groups are shown.
shown. The control sample received 1% ethanol, as an equiva|entThe control Sample received 1% ethan_ol._ Spectral data are means
amount of ethanol was included in other samples as a solvent for from three experiments. Standard deviations were less than 10%

estradiol. Spectral data are means from three separate experiment$f the mean.
Standard deviations were less than 10% of the mean.

activity of ERa.. Both methods of analysis gave comparable

unlabeled ERE competitively inhibited complex formation, results for the effect of estrogens and the ERE on the
demonstrating the specificity of the reaction. This result secondary spectrum of the protein. The results using the two
indicated that the recombinant ERspecifically bound to methods are summarized in Table 1. Analysis of the spectra
the ERE, and this binding could not be disrupted by the using either method suggests that the ligand-free ER0—
mutant oligonucleotide. We also found a supershift of the 80% a-helical, with a very lows-sheet content of 23%,
ERa-ERE complex in the presence of an antide&ntibody, but 9-12% turns. Addition of E caused a pronounced
indicating the ability of ER to bind to an antibody specific ~ decrease in the ellipticity at 208 nm, and a small decrease at
to this protein (result not shown). Thus, the &Rsed in 222 nm, consistent with a small drop in helical content to
our studies is functionally intact, as indicated by its ability ~60% and an increase jf+turn and random coil content.
to bind to PH]E,, the ERE, and the anti-ERantibody. Addition of the ERE, on the other hand, caused a large

Figure 3 shows the effects of,Ehe ERE, and Fand the increase in the ellipticity at both 208 and 222 nm. Analysis
ERE on the CD spectrum of ER The CD data were of the spectra by either method suggested that the receptor
analyzed using two different programs. The first, CDNN, is became greater than 90@helical in the presence of the
a neural net program that uses a protein database. The secon&RE. The conformational change caused by the addition of
MLR, is a nonconstrained least-squares fit program that usesthe ERE was almost the same in the absence or presence of
peptides in known conformations as standards, and does nofz- However, addition of a nonspecific (control) oligonucle-
utilize the protein concentration in its analysis. The MLR Otide did not increase the-helical content of the E®R
method is not usually as accurate as the CDNN method, butProtein (Table 1).
it was used in addition to the CDNN method because of the Figure 4 shows the effect of an antiestrogen, HT, as well
use of an indirect method for the determination of protein as the ERE and HT on the CD spectrum ofd&cRhe trends
concentrations and the labile nature of the ligand binding in HT-induced effects on the ERspectrum were very similar

Table 1: Effects of i HT, and the ERE on the Secondary Structure o ER

o B turn random
addition CDNN MLR CDNN MLR CDNN MLR CDNN MLR
none 0.8+ 0.09 0.70+ 0.08 0.04+ 0.03 0.02+ 0.04 0.09+ 0.01 0.12+ 0.03 0.10+ 0.04 0.16+ 0.16
5uM E; 0.7+ 0.04 0.54+ 0.1 0.03+ 0.00 0.10+ 0.14 0.06+ 0.05 0.33+ 0.19 0.11+ 0.01 0.04+ 0.05
5uMHT 0.58+ 0.05 0.48+ 0.11 0.08+ 0.01 0.03t 0.06 0.12+ 0.01 0.31+0.11 0.22+ 0.04 0.18+ 0.20
5uM ERE 0.99+ 0.00 0.91+ 0.08 0.00+ 0.00 0.00+ 0.00 0.04+ 0.00 0.00+ 0.00 0.01+ 0.00 0.09+ 0.08
E; and ERE 0.9% 0.02 0.88+ 0.03 0.01+ 0.00 0.03£ 0.05 0.06+ 0.01 0.00+ 0.00 0.02+ 0.01 0.09+ 0.08
HT and ERE 0.95: 0.01 0.86+ 0.08 0.01+ 0.00 0.00+ 0.00 0.06+ 0.00 0.00+ 0.00 0.03t£ 0.01 0.14+ 0.08
5uM C-ERE 0.58+ 0.08 0.28+ 0.03 0.00+ 0.00 0.20+ 0.06
E, and C-ERE 0.62: 0.06 0.22+ 0.01 0.00+ 0.00 0.28+ 0.17

@ CDNN is the neural network analysis program of Bohm et 24),(and MLR is a nonconstrained least-squares analysis procedure described
by Brahms and Brahm®¥%). Data are the means standard deviation from three experiments. C-ERE refers to the control oligonucleotide.
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1.2 increased the cooperativity of folding, as monitored by the
increase in the apparent enthalpy of unfolding. When the
ERE was added to ERin the presence of either HT onE
there were additional changes. There was only a small
increase in théy of unfolding in each case of2 °C, but
there were significant changes in the cooperativity of
unfolding, as indicated by the large increase in the apparent
enthalpies of unfolding (Table 2). It is possible that the
apparent increase in enthalpies of unfolding is due to a tighter
binding of the ERE to ER in the presence of For HT,
which would increase the negative free energy of the folded
state relative to the unfolded state.

Fraction Folded

DISCUSSION

Research on the ER has revolved around the concept that
ligands, such as estradiol, induce conformational changes in

-0.2 3'0 4'0 510 elo o the receptor so that it acquires the ability to bind to DNA.
Originally, this concept was based on the observation that if
Temperature, °C cells or animals are treated with estradiol, the ER can be

Ficure 5. Unfolding profile of ERx to determine theTy of subsequently isolateq from_ the cell nucleus, whereas .in the
unfolding. The ellipticity at 222 nm was monitored as a function Untreated cells or animal tissues, the ER was found in the
of temperature, and the data were fit into a two-state model. Curvescytoplasmic fractionZ8—31). Whether the ligand is required
shown are control®), 5 uM estradiol (), 5«M ERE (W), and 5 for the ER to induce a conformational state facilitating ERE
#M estradiol and M ERE (v) treatment groups. binding remains equivocal as there are numerous studies
demonstrating ER binding to the ERE in the absence of a
ligand 32, 33). While most of the biological effects of

Table 2: Effect of i, HT, and the ERE on the Thermal Unfolding

of ERa2 . ! L
estradiol require the presence of the ER, it is unclear what
addition apparerif (°C) 32%?&?;‘5 ?Eégﬁ:gé;’f stage of ER-induced transcriptional activation is dependent
on the presence of the ligand. It is interesting to note that
g%‘j I(ECZO””O') 4338& gg gﬂi g'g CD studies can distinguish the effects of the ligands on the
5uM HT 384+ 23 335+ 1.9 ERo protein conformation from the thermal stability of the
5uM ERE 46.1+ 0.9 36.1+ 3.1 ERa protein. B and HT produced similar changes in the
E; and ERE 47.9:1.6 483+ 7.4 overall conformational parameters, but onlyikcreased the
HT and ERE 48.9: 1.0 434+ 1.1 thermal stability of ER. On the other hand, the ERE

2 Data were fit to a two-state transition between a folded and unfolded produced changes in the conformational features and thermal

state. The thermodynamic parameters are apparent because the unfoldingtab“ity of ERy, indicating that the ERE can be considered
was not reversible, and no corrections were made for the stoichiometry as an influential ligand of ER

of the proteir-ligand complexes. It was assumed that there was no ) .
heat capacity change during unfolding. Data are the meastandard The ER and other steroid receptors are known to exist as

deviation from three experiments. large complexes bound to the heat shock proteins in vivo
(28—31). Recent studies have provided evidence for the
to those found with £ although there was a larger decrease €Xistence of several families of coregulatory proteins that
in thea-helical content. Addition of the ERE in the presence Work with the steroid receptors in regulating transcription
of HT produced a large increasednhelical content, similar ~ (33—37). The binding of the ligand disrupts ER binding to
to that of the ErERo. complex. Thus, our result shows heat shock proteins and allows recruitment of coactivators
evidence for conformational changes of &R the presence  in the case of estradiol and corepressors in the case of
of an estrogen or an antiestrogen and the ERE. However,antiestrogens35, 38). A disruption of the unliganded ER
there were no large differences in the effect of an estrogenconformation by the addition of For HT was observed in
and an antiestrogen, especially in the presence of the ERECD studies as well. However, conformational changes
We next determined the stability of BRunder different ~ induced by HT provide no advantage over the thermal
conditions by measuring the ellipticity at 222 nm as a stability of control ERx. This instability of HT-bound ER
function of temperature. A representative unfolding profile May contribute to the inhibition of estrogenic effects by this
of ERa in the presence £the ERE, or Eand the ERE is  anitestrogen.
presented in Figure 5. The analysis was performed by fitting  The large increase in ellipticity at 222 nm and in thermal
the data to a two-state transition, as described in Materialsstability indicates that the EdR-ERE interaction is a clear
and Methods. Th@y values and apparent enthalpies of the example of DNA-induced conformational changes in the
unfolding transition are presented in Table 2. The addition protein. ERE-induced conformational changes iroBfere
of E; to ERo caused a small but significant change in the previously indicated by changes in protease sensitivity of
Tw of unfolding P < 0.03). In contrast, addition of HT had  ERa in the presence of the ERE®). ERa is also known to
no effect on theTy of folding of ERu (Table 2). Addition induce DNA bending in the ERE, 40). Thus, the ER—
of the ERE to ER in the absence of other ligands caused a ERE interaction involves a mutually induced fit that increases
significant increase in its stabilityP( < 0.004) and also the stability of the complex and thereby a mechanism for
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screening out other closely related DNA sequences. This typeERa, were found in the presence of the ERE. Estradiol also
of induced fit appears to be a common occurrence in the induced changes in the conformation and stability obEER
initiation of transcription, where poorly structured regions although they were less remarkable than those induced by
of the protein may form a regular secondary structure in the the ERE. There was a decreasexihelical content of ER
presence of DNA, enhancing proteiprotein interactions  in the presence of £or HT, but conformational features of
and promoting an ordered nucleoprotein structdre-43). E,-ER and HFER complexes were indistinguishable in the
Addition of E; or HT leads to a conformational change as presence of the ERE. Thus, the effects of ligands o ER
evidenced by a decrease in the negative ellipticity at 208 function might be critical prior to ERE binding, perhaps at
nm with a concomitant increase in the percentage of randomthe stage of recruitment of coregulators. In the vicinity of
coil (Figure 3 and Table 1). However, it is also possible that the ERE, possible DNA-induced conformational changes in
a change in tertiary structure, such as interactions betweenERo. may make the ligand’s role less important to the
a-helices, such as in a coiled-caithelical protein, can also  dominantoa-helical conformation of ER.
cause the CD spectrum of tlhehelix to be perturbed4d).
Interestingly, a functional and hydrophobicity cluster analysis REFERENCES
of the N-terminal region of ER indicates the requirement 1. Greco, T. L., Duello, T. M., and Gorski, J. (1998pdocr.

for ano-helical region in its function4b). In addition, DNA Rev. 14, 59-71.
binding and ligand binding domains are known to have 2. Tsai, M. J., and O’'Malley, B. W. (1994nnu. Re. Biochem.
a-helical regions T—10) which may interact in the presence 63, 451-486. _
of the ligand 3. Jensen, E. V. (1996)nn. N.Y. Acad. Sci. 784~-17.
) . . . 4. Gustafsson, J. A. (1999) Endocrinol. 163379-383.

Estrpgen- and_ antlest_rogen-lnduc_ed changes in the con- g Green, P. S., and Simpkins, J. W. (2008) J. Dev. Neurosci.
formation of the ligand binding domain of the ER have been 18, 347-358.
revealed in recent X-ray crystallographic studiés 9). The 6. Jansson, L., and Holmdahl, R. (1998jlammation Res. 47
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