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Reconstitution of the 9 S estrogen receptor with heat shock protein 90
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As a first step 1n the investigation of the reconstitution of steroid hormone receptor systems, we studied the reconstitution of 9 S estrogen receptor

(ER) from purified vero ER, which 1s the estradiol binding subunit, and heat shock protein 90 (hsp 90) By using a phosphate buffer containing

molybdate, thiocyanate, dimethylformamide, glycerol, etc., vero ER could be converted to 9 S ER with hsp 90, but not with the control protein.

ovalbumin. Inactivation of ER during the reconstitution was suppressed partially by hsp 90, but not by ovalbumin. Like native 8 S ER, the reconsti-
tuted ER was sedimented at about 8.9 § and 4.6 S on glycerol gradient centrifugation in low and high salt buffers, respectively.

Estrogen receptor, Estrogen; Steroid hormone receptor, Hsp90, Heat shock protemn, Reconstitution

I. INTRODUCTION

The transformation of a steroid hormone receptor
through the binding of a specific hormone is one of the
key steps during the course of steroid hormone signai-
ing in target cells. Therefore, there have been many
studies on the transformation mechanism and the struc-
ture of a receptor. In 1984, it was shown that non-
transformed 8 S steroid hormone receptors contain vero
receptors, which can bind specific hormones, and a 90
kDa protein [1]. Sanchez et al. demonstrated, using
monoclonal antibodies, that the non-hormone-binding
subunit of the 8 S glucocorticoid receptor is hsp 90,
which is a very common cytosolic protein [2]. Later, it
was also found in the progesterone [3], esterogen [4,5]
and androgen [5] receptor systems. In an ER system, it
was suggested that the non-transformed 8-9 S ER con-
sisted of two vero receptors and two hsp 90 subunits, as
judged by analysis of extensively purified 8 S ER [4].
On the other hand, reconstitution studies of 8 S steroid
hormone receptors are still in very early stages. That is,
8 S receptor promoting factors have not yet been highly
purified, these factors seeming to be different from hsp
90, though there have been some studies on the
reconstitution of 8 S estrogen [6,7] and androgen [8]
receptors. The reconstitution of any 8 S receptors from
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purified vero receptors and hsp 90 has not yet been
reported. Therefore, we have investigated the
reconstitution conditions for 8 S ER, from purified
vero ER and hsp 90, as the first of studies on the
transformation mechanism. With the simple mixing of
these components, vero ER was not converted to 9 S
ER. Then we examined many conditions which might
facilitate the formation and stabilization of 9 S ER, and
found conditions under which 9 S ER could be
reconstituted.

2. MATERIALS AND METHODS

2 1. Materials

The radioactive hormone, 1758-[6,7-*H(N)]estradiol (sp. act. 48.3
Ci/mmol), was purchased from New England Nuclear. Antiserum
against rat hsp 90 was a gift from Dr Takayuki Nemoto (Iwate
Medical University, Morioka, Japan). The antibody has been
previously characterized to react with hsp 90 [9] and non-transformed
9 S ER [5].

2.2. Purification of vero ER and hsp 90

Vero ER labeled with [*H]E; (spec. act. 10 Ci/mmol) was purified
from calf uterus using an estradiol-liked affinity resin, as previously
described [10], except that the affinity column was washed once with
a buffer containing 0.7 M KCl instead of 3 cycles of washing with 3
kinds of buffers after application of a sample. Vero ER was purified
about 3000-fold by this method. Pure hsp 90 was obtained from a
post-mitochondrial supernatant fraction of rat liver by successive
DEAE-cellulose, hydroxyapatite and Sephacryl S-300 column
chromatographies, as described previously [11].

2.3. Reconstitution and analysis of 9 S ER

Reconstitution was carried out at 4°C. Purified vero ER labeled
with [*H]E2, 75 ng, and punified hsp 90 or the control protein,
ovalbumin, 60 pg, were mixed in 0.4 ml of 18 mM Hepes-KOH buffer
(pH 7.5 at 20°C) containing 2 mM Chaps, 7% (v/v) DMF, 0.5 M
NaSCN and 12% (v/v) glycerol. Then the mixture was dialyzed
against 10 mM potassium phosphate buffer (pH 7.5) containing 20
mM Na:MoOs, 2 mM MgCl,, 0.1 mM ZnCl,, 5% (v/v) glycerol and
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10 mM thioglycerol (dialyzing buffer) for 6 h. The reconstituted ER
thus obtained was layered on a 10-35% (v/v) glycerol density gradient
in 10 mM potassium phosphate buffer (pH 7 5) containing 20 mM
Na:MoOj and 10 mM thioglycerol, followed by ultracentrifugation at
140 000 x g for 15 h at 4°C. Sedimentation coetficients were deter-
mined using ["*CJovalbumin (3.6 S) and ["*C]y-globulin (6.6 S) as
standard proteins.

2.4 Measurement of the dissociation of E. from vero FER and
reconstituted 9 S ER

Vero ER and the reconstituted 9 S ER labeled with ['H]E. were in-
cubated at 28°C in 10 mM potassium phosphate bufter (pH 7.5) con-
taining 67 nM nonradioactive E», 20 mM Na,MoO4. 2 mM MgCls, 0.1
mM ZnCl, 5% (v/v) glycerol and 10 mM thioglycerol. At the times
indicated in the figure, an aliquot was taken, incubated with hydrox-
yapatite at 0°C, and then washed with 10 mM Tris-HCl buffer (pH
7.6) containing 1 SmM EDTA, 3 mM MgCl; and 10% (v /v) glycerol.
Then radioactivity remaining on the hydroxyapatite was measured
with a hquid scintillation counter.

3. RESULTS AND DISCUSSION

For reconstitution of 9 S ER from purified vero ER
and hsp 90, we carried out many preliminary ex-
periments with various conditions and finally chose the
conditions given in section 2. Sodium molybdate and
phosphate buffer present in the reconstitution medium
are known to stabilize native non-transformed ER
[12,13], and zinc chloride has been reported to be effec-
tive for reconstitution of the 8.6 S receptor in a crude
androgen receptor system [14]. Therefore, we added
these substances to the dialyzing buffer for the
reconstitution of 9 S ER.

The glycerol gradient centrifugation pattern of the
ER reconstituted from vero ER and hsp 90 is shown in
Fig. 1. The reconstituted ER was sedimented at 9.2 S.
Vero ER treated under the same conditions in the
absence of hsp 90 was sedimented at 5.2 S. Moreover,
when the reconstitution processes were performed with
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Fig 1 Sedimentation analysis of reconstituted ER. 9 S ER was

reconstituted from purified vero ER labeled with [*’H]E: and hsp 90,

and analyzed by centrifugation on a 10-35% (v /v) glycerol gradient

as described in section 2 (Left) Reconstitution was carried out in the

presence (@) or absence (=) of hsp 90. (Right) As a control,

reconstitution was carried out in the presence (@) or absence (:) of
ovalbumin instead of hsp 90
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Table 1

Sedimentation coefficients and recoveries of the reconstituted ER

Reconstitution Sedimentation Recovery of ER?

coefficient (S) ()
Hsp 90 (+) 89 + 0.7 (n=5) 33
Hsp 90 (—)° 19 £ 04 (=9 22

a

The recovery was calculated from the amount of ER recovered in
fractions 1-20 of the sedimentation analysis was the same as
Fig. 1. The values are the means of 4 experiments

The reconstitution procedures were performed in the absence of
hsp 90 as a control

the control protein, ovalbumin, instead of hsp 90, the
ER was sedimented at 5.2 S (Fig. 1, right). To know
whether the reconstituted 9 S ER contains ksp 90, the
reconstituted ER was preincubated with antiserum
against hsp 90 and analyzed by glycerol density gra-
dient. A large shift of the 9 SER from 9.3to 11.1 S was
observed (data not shown). This result suggested that
the reconstituted 9 S ER contained hsp 90. From these
results, we concluded that 9 S ER was reconstituted
from vero ER and hsp 90 under the reconstitution con-
ditions. The sedimentation coefficients and recoveries
of the reconstituted ER are summarized in Table I. The
sedimentation coefficients of ER reconstituted in the
presence and absence of hsp 90 were similar to those of
the native non-transformed and transformed ER,
respectively [4,15]. As can be seen in Table I, the
recovery of ER was not so high, because a part of it
became denatured and aggregated during the
reconstitution processes, whereas the recoveries of ER
processed with hsp 90 were higher than those without
hsp 90 in all experiments. The average recovery in the
presence of hsp 90 was 1.5-fold that in the case of the
control protein, as can be seen in Table 1. When
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Fig. 2. Salt-transformation of reconstituted 9 S ER. (Left)

Reconstituted ER labeled with [*H]E; was analyzed by glycerol densi-

ty gradient centrifugation in a low salt buffer as described in section

2 (Right) Reconstituted ER labeled with ['H]E; was mcubated 1n 10

mM Tris-HCl buffer (pH 7.6) contaming 0.7 M KCl and | mM

dithiothreitol at 4°C for 10 mun, and then analyzed as left, but with
the use of a density gradient containing 0.7 M KCl.
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Fig. 3. Dissociation of E; from vero ER and reconstituted 9 S ER.

Vero ER (O) and the reconstituted 9 S ER (@) labeled with *H]E:

were incubated at 28°C, and then dissociation of [PH]E. was
measured as described in section 2.

ovalbumin was used instead of hsp 90, the recovery of
ER was as low as that in the absence of hsp 90 (data not
shown). These results may be a reflection of a putative
function of hsp 90, that is, hsp 90 binds to denatured or
unfolded proteins and thus prevents the aggregation of
the proteins.

Some properties of the reconstituted 9 S ER were
determined to characterize it. It is known that the native
8 S ER is transformed on incubation with a high salt
concentration [15,16]. The reconstituted 9 S ER was in-
cubated in a buffer containing 0.7 M KCI and then
analyzed by glycerol gradient centrifugation in a high
salt buffer (Fig. 2). The sedimentation coefficient
decreased from 9.7 S to 4.6 S. This decrease suggested
that the reconstituted 9 S ER dissociated into vero ER
and hsp 90 like the native one.

We next examined the kinetics of the dissociation of
E, from reconstituted 9 S and vero ERs. When
[PH]E2-ER complexes were incubated at 28°C, almost
the same dissociation rate was observed for the two
preparations (Fig. 3). There have been many reports
that the rate of dissociation of E, from native 8 S ER is
faster than that from 4 S or 5 S ER [17-19]. But
Redeuilh et al. demonstrated that there was a state of
8-9 S ER which showed dissociation of E; as slow as
that in the case of 4 8 ER, and suggested that there were
small but functionally significant changes in the struc-
ture of the 8-9 S ER remaining in a non-DNA-binding
form, whereas the rate of E; dissociation was lowered
[19]. The slow dissociation of E; from the reconstituted
9 S ER might be due to a similar structural change.
Other properties of the reconstituted ER are being in-
vestigated further.

As described above, we reconstituted 9 S ER from
vero ER and hsp 90. The results were not consistent
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with those of Murayama et al. [6], because they
reconstituted 8 S ER from one vero ER (82 kDa), one
component A (58 kDa) and six components B (13.7
kDa), and their system did not contain any component
with a molecular mass larger than that of vero ER, such
as hsp 90 {7]. Our reconstitution results are consistent
with the analytical results for purified 8-9 § ER [4,5],
that is, 8-9 S ER is composed of vero ER and hsp 90.

The reconstitution method described in this paper
will be applicable to the analysis of other steroid hor-
mone and dioxin [20] receptor systems, because all
these systems contain 8~10 S receptors with hsp 90 as a
component.
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