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Summary

The estrogen receptors (ERs) « and B possess a con-
stitutive N-terminal activation function (AF-1) whose
activity can be modulated by kinase signaling path-
ways. We demonstrate here that phosphorylation of
AF-1 by MAP kinase (MAPK) leads to the recruitment
of steroid receptor coactivator-1 (SRC-1) by ER in
vitro. Enhancement of the interaction between SRC-1
and ERB AF-1 is also observed in vivo in cells either
treated with EGF or expressing activated Ras. Two
serine residues in ERB AF-1, of which one is contained
within a motif present in other steroid receptors, are
critical for physical interaction with SRC-1 and tran-
scriptional activation. Our results establish a role for
nuclear receptor phosphorylation in the recruitment
of SRC-1 and provide a molecular basis for ligand-
independent activation by ER via the MAPK pathway.

Introduction

The estrogenic signal is now known to be transduced
by two estrogen receptors (ERa and B) that are members
of the superfamily of nuclear receptors (Green et al.,
1986; Greene et al., 1986; Kuiper et al., 1996; Mosselman
et al., 1996; Tremblay et al., 1997). The two ERs share
many functional characteristics based on their well-con-
served modular structure. In particular, ERa and 3 con-
tain two activation functions (AF) residing in the NH,-
terminal A/B domain (AF-1) and the COOH-terminal end
of the E domain (AF-2), respectively. AF-2 is responsible
for hormone-dependent activation through recruitment
of coactivator proteins including members of the steroid
receptor coactivator (SRC) family (reviewed in Glass et
al., 1997). On the other hand, AF-1 activity is constitutive
and ligand independent (Kumar et al., 1987; Berry et al.,
1990; Metzger et al., 1995). While SRC family members
were recently shown to interact weakly with the N-termi-
nal region of ERa and the progesterone receptor (PR)
in vitro (Lavinsky et al., 1998; Onate et al., 1998; Webb
et al., 1998), the precise molecular mechanism through
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which AF-1 participates in transcriptional activation re-
mains to be determined.

In addition to the classical hormone activation path-
way, a humber of steroid receptors including ERa and
B have been shown to be activated by nonsteroidal
agents including dopamine, growth factors, and PKA
activators (reviewed in Weigel and Zhang, 1998). This
ligand-independent activation is presumed to be closely
related to phosphorylation of steroid receptors by cellu-
lar protein kinases. Stimulation of cellular activity by
growth factors or cAMP analogs results in ER-depen-
dent transcriptional activation accompanied by an in-
creased receptor phosphorylation (Aronica and Katzen-
ellenbogen, 1993; Bunone et al., 1996). In particular,
Ser-118 in the A/B region of human ERa was shown
to mediate epidermal growth factor (EGF) activation
through the Ras-MAP kinase (MAPK) signaling cascade
(Kato et al., 1995; Bunone et al., 1996). Similarly, ERB
can be activated by the Ras pathway, and this effect is
mediated through Ser-124 in the A/B region of mouse
ERB (Tremblay et al., 1997). The presence of several
additional Pro-directed kinase sites within the A/B re-
gion of both ERs suggests that differential phosphoryla-
tion of the AF-1 domain may modulate the activity of
ERs in response to diverse physiological cues. Here we
examine the mechanisms by which phosphorylation of
the ERB AF-1 domain via the MAPK cascade leads to
transcriptional activation. We show that phosphoryla-
tion of MAPK sites within the AF-1 stimulates a ligand-
and AF-2-independent interaction between ERB and
SRC-1. Our results demonstrate that phosphorylation
of ERB AF-1 regulates coactivator recruitment and gene
activation by nonsteroidal activators.

Results

SRC-1 Induces AF-2-Independent

ER Transcriptional Activation

Our previous observations that SRC-1 could stimulate
ERP activity in the absence of ligand prompted us to
further investigate the mechanisms underlying this ef-
fect (Tremblay et al., 1997). In the absence of E,, SRC-1
increased in a dose-dependent manner the transcrip-
tional activity of ERB in transfected Cos-1 cells. This
effect was not cell- or reporter-specific since a similar
increase in ERB activity was detected on various report-
ers such as pS2Luc and ERE;TKLuc and in other cell
lines including HeLa and 293 T (data not shown). Based
on the previous observation that SRC-1 could interact
with steroid receptors in a ligand- and AF-2-indepen-
dent manner (Takeshita et al., 1996; Henttu et al., 1997,
Jeyakumar et al., 1997), we tested whether AF-2 was
necessary to mediate the SRC-1 effect on basal ERB
activation using the differential ability of the partial an-
tagonist 4-hydroxytamoxifen (OHT) and the pure anties-
trogen EM-652 to block only AF-2 or both AF-1 and AF-2
functions, respectively. As shown in Figure 1, EM-652
strongly impaired the SRC-1-mediated basal ERB activ-
ity in Cos-1 cells while OHT treatment had no effect.
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Figure 1. Basal ERB Transcriptional Activation by SRC-1 Is AF-2
Independent

Pure antiestrogen EM-652 but not the partial antagonist OHT inhibits
basal ERB transcriptional activation by SRC-1. Cos-1 cells were
transfected with ERETKLuc along with equivalent amounts of ERB
and SRC-1 expression plasmids and incubated with 100 nM OHT
or EM-652. Basal activity of an ERB AF-2 mutant is induced by
SRC-1. Cos-1 cells were transfected with ERETKLuc reporter and
equivalent amounts of ERB or ERB L509A AF-2 mutant and SRC-1
expression plasmids. Cells were then treated with 10 nM E, or left
untreated for 16 hr prior to harvest.

The same pattern of inhibition was obtained in HelLa
cells with the pS2Luc reporter (data not shown). To test
this possibility further, we used an ERB AF-2-deficient
mutant (ERB"4) that is transcriptionally inactive in the
presence of E, (Figure 1). SRC-1 could still activate
ERB"™ in the absence of ligand. Taken together, these
data demonstrate that the transcriptional effect of
SRC-1 onunliganded ERB occurred in an AF-2-indepen-
dent fashion.

The Ligand-Independent Activation by SRC-1
Resides in the AF-1-Containing Region

of ERB and Is Transposable

In an attempt to delineate the region responsible for
the SRC-1 activation of unliganded ERp, truncated and
chimeric forms of ERB were used in transfection experi-
ments (Figure 2A). Transcriptional activities of both the
long (ERB; aa 1-549; GenBank accession #AF067422)
and short (ERB-S; aa 65-549; GenBank accession
#U81451) forms of unliganded ERB were increased to a
similar extent by SRC-1, thus excluding region 1-64
present in the long form of ERB from being involved
in the SRC-1 activation (Figure 2B). When the LBD of
ERB-S was deleted, the transcriptional activity of the
resulting ABCB construct was still induced by cotrans-
fected SRC-1. In contrast, activity of an ERB mutant
missing the N-terminal region (CDEFB) was not stimu-
lated by SRC-1 in the absence of E,. These results illus-
trate that the AF-1-containing A/B domain of ERB (aa
65-167) was necessary and sufficient to mediate SRC-1
activation in the absence of E,. The basal activity of wild-
type and truncated variants of ERa remained unchanged
under the same conditions. Interestingly, when the A/B
region of ERa was replaced by A/B, the resulting ERBa
chimera became as responsive to SRC-1 as wild-type
ERp in the absence of E, (Figure 2B). Conversely, the
replacement of A/BB by A/Ba (ERaB chimera) resulted
in a loss of activation by SRC-1. The effect of SRC-1
activation on the ERB AF-1 is thus transposable. ERaf3
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Figure 2. The Ligand-Independent Effect of SRC-1 Resides in the
A/B Region of ERB and Is Transposable

(A) Representation of the various constructs used. Numbering of
mouse ERB is relative to its longest form.

(B) Cos-1 cells were transfected with expression plasmids encoding
the various ERa and B derivatives and SRC-1, and transcriptional
activities were measured on an ERETKLuc reporter. Cells were
treated with 10 nM E; or left untreated for 16 hr prior to harvest.

and ERBa chimera were both responsive to E,, demon-
strating that domain swapping had no effect on receptor
integrity. Similar results were obtained with constructs
in which A/BB or A/Ba were linked to the DBD of the
yeast activator Gal4. Both Gal4-ER chimeras showed
intrinsic transcriptional activity conferred by AF-1, but
only the Gal4-A/BB fusion activity was enhanced by
SRC-1, whereas Gal4 DBD alone or Gal4-A/Ba was not
(data not shown).

Interaction of SRC-1 with ERB AF-1

To determine the precise boundaries of the AF-1 deter-
minants essential for ligand-independent activation by
SRC-1, we generated a series of constructs that con-
tained progressive N- or C-terminal deletions within the
ERB A/B domain (Figure 3A). The various ERf mutants
were tested in transient transfection experiments where
the region between aa 104 and 122 was shown to be
critical for SRC-1 activation of the unliganded receptor.
This observation was confirmed by the internal deletion
mutant ERBA104-122 that failed to respond to SRC-1
(Figure 3A). We next tested whether this region could
mediate interaction with SRC-1. As demonstrated by
GST pull-down assay with bacterially purified GST-A/BB
fusion and in vitro ®S-labeled SRC-1 protein, the A/B
region (aa 65-167) of ERB was able to interact with
SRC-1 (Figure 3B). However, when amino acids 104-122
were removed from GST-A/BB, the resulting GST-
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Figure 3. Interaction of SRC-1 with ERB AF-1
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(A) Region 104-122 of ERB AF-1 mediates ligand-independent activation by SRC-1. Various N- and C-terminal deleted forms of ERB within
the A/B region were tested in transfection on an ERETKLuc in Cos1 cells in the presence of SRC-1 expression vector.

(B) SRC-1 associates with the A/B region of ERR in vitro. Pull-down experiments were performed with in vitro translated and *S-labeled
SRC-1. The input lane (i) represents 5% of the labeled SRC-1 used in each experiment.

(C) Identification of two consensus Pro-directed kinase sites at positions 106 and 124 in ERB AF-1 of which the motif comprising Ser-106 is
conserved with other steroid receptors within the A/B region. Numbering of human ER is relative to its longest form, and of PR to PR-B.
(D) Ser-106 and Ser-124 are target sites for MAPK. GST fusions of wild-type and serine-mutated ER (aa 96-130) were in vitro phosphorylated

by Erk2. MBP was added as a MAPK control substrate.

A/BBA104-122 showed a severely diminished associa-
tion with SRC-1.

Examination of the ERB sequence within aa 104-125
revealed the presence of two consensus Pro-directed
kinase sites at positions 106 and 124 (Figure 3C).
Ser-124 was previously shown to mediate Ras activation
of ERB (Tremblay et al., 1997) while Ser-106 is part of a
motif shared with other steroid receptors within the A/B
region (Figure 3C). Interestingly, the corresponding Ser
residues in the glucocorticoid receptor (GR) and PR have
already been identified as putative Pro-directed kinase
sites (Krstic et al., 1997; Zhang et al., 1997). Given the
potential role played by phosphorylation in steroid re-
ceptor activation, we examined the ability of MAPK to
phosphorylate this region of the receptor in vitro. As
shownin Figure 3D, the GST fusion of an ERB peptide (aa
96-130) was readily phosphorylated by MAPK, whereas
mutation of either Ser-106 or Ser-124 to Ala reduced
the extent of phosphorylation by half as compared to
wild type. The double-mutant ERBS!%!%A peptide was
not phosphorylated by MAPK.

MAPK-Mediated Phosphorylation of ERg AF-1
Enhances the Recruitment of SRC-1

To investigate whether phosphorylation of Ser-106 and
Ser-124 could regulate SRC-1 interaction with ER AF-1,

we first used in vitro MAPK-phosphorylated GST-ABCB
fusion proteins in pull-down experiments. As shown in
Figure 4A, phosphorylation of GST-ABCR led to a signifi-
cant increase in the interaction with *S-labeled SRC-1
(compare lanes 3 and 4), demonstrating that phosphory-
lation of AF-1 directly influenced SRC-1 recruitment by
ERB. Mutation of Ser-106 (ERBS!%* and ERBS1%61244) abol-
ished the increased interaction between SRC-1 and ER3
AF-1 observed upon phosphorylation. However, mutant
ERBS** showed only a partial impairment in SRC-1 re-
cruitment as compared to wild type. We next assessed
the effect of phosphorylation of the ERB AF-1 in regulat-
ing interaction with SRC-1 in vivo. Treatment of trans-
fected cells with PD98059, a selective inhibitor of MAPK
activation, completely abrogated the SRC-1-mediated
activation of unliganded ERp, while the use of stauro-
sporin, which inhibits protein kinase C, had no signifi-
cant effect (Figure 4B). The contribution of both Ser-
106 and Ser-124 Pro-directed kinase sites toward a full
response of unliganded ERB to SRC-1 was also tested.
Mutation of both Ser residues (ERBS1%¢12%4) resulted in a
complete loss of ERp activation by SRC-1 while muta-
tion of either Ser-106 or Ser-124 alone showed only
a partial response (Figure 4B), mimicking the results
obtained in the in vitro interaction study. In contrast,
mutation of Ser-158, which is located outside the
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Figure 4. MAPK-Mediated Phosphorylation of ERB AF-1 Increases SRC-1 Recruitment In Vitro and In Vivo

(A) Phosphorylation of ERB AF-1 increases the binding to SRC-1 in vitro. Wild-type and mutated GST-ABCp fusions bound to glutathione
beads were incubated in the presence (+) or absence (—) of Erk2 and subjected to pull-down assay with in vitro translated and *S-labeled
SRC-1. Equal amounts of proteins were loaded except for the input (i), which represents 5% of proteins used.

(B) Effects of kinase inhibitors and point mutations on the transcriptional activity of ERB by SRC-1. Cos-1 cells were transfected with ERETKLuc
reporter and ERB (aa 65-549) or ERB AF-1 mutants in the absence or presence of SRC-1 expression vector. In the case of kinase inhibitors,
cells were treated either with 50 uM PD98059 (PD) or 1 wM staurosporin (ST) 20 min before harvest.

(C) ERB AF-1 recruits SRC-1 in vivo. 293 T cells were cotransfected with expression vectors encoding HA-tagged SRC-1 and AF-2-defective
(L509A) ERB mutants in the absence or presence of constitutively activated Ras (rasV12) expression vectors. Cells were fed with growth
medium for 48 hr and harvested 30 min following treatment with 50 wM PD or vehicle alone. The immunoprecipitates were subjected to
Western analysis using an anti-ERB antibody. As a control, whole-cell extracts of each sample were analyzed by Western blotting to monitor
the amounts of ERB (a-ERB) and SRC-1 (a-SRC-1) expressed in transfected cells.

(D) EGF induces recruitment of SRC-1 by ERf AF-1. 293 T cells were transfected with HA-tagged SRC-1 and AF-2-defective (L509A) ERB
mutant expression vectors. Thirty minutes prior to harvest, cells were treated with 20 ng/ml EGF, 50 uM PD, or left untreated. Cell lysates
were then analyzed by immunoprecipitation and Western blotting as in Figure 4C.

(E) In vivo phosphorylation of ERB AF-1. Subconfluent 293 T cells were transfected with wild-type or mutated ABCDR (aa 65-274) expression
plasmids, and refed with DMEM. Forty-eight hours later, the transfected cells were metabolically labeled with [*?P] orthophosphate and treated
with EGF (20 and 50 ng/ml) or 50 wM PD, or left untreated. Cells were harvested and subjected to immunoprecipitation with an antibody
to ERB.

mapped SRC-1 interaction domain, has no effect on the
enhancement of ER activity by SRC-1. The interaction
between ERB and SRC-1 in the absence of hormone was
also demonstrated in vivo and shown to be influenced by
factors previously shown to change the phosphorylation
status of steroid receptors. As shown in Figure 4C (lanes
2 and 3), coimmunoprecipitation of ERp AF-2-deficient
mutant with SRC-1 was significantly increased in cells
expressing activated Ras. This process is dependent
on MAPK activity since PD98059 completely abrogated
the SRC-1/ERR interaction to a point below the unstimu-
lated state (compare lanes 4 and 2). While mutations of

Ser-106 or Ser-124 had only a partial effect, deletion
of residues 104-122 or mutation of both Ser residues
(S106,124A) totally disrupted the Ras-mediated increase
in interaction between ERB and SRC-1 (Figure 4C). This
observation suggests that Ser-106 and Ser-124 are both
required in vivo to fully recruit SRC-1. In addition, when
cells were treated with EGF (Figure 4D) or IGF-1 (data
not shown), the in vivo interaction between SRC-1 and
ERp was also enhanced, thus mimicking the results ob-
tained in the presence of activated Ras. Again, mutation
of Ser-106 and Ser-124 or treatment of cells with the
PD98059 completely abrogated the stimulatory effect
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of EGF on SRC-1/ERR interaction (Figure 4D). The obser-
vation that PD98059 abolished the basal interaction of
SRC-1 with the receptor suggests that a fraction of
ERB is undergoing phosphorylation in cells under basal
conditions. Immunoprecipitation of wild-type and Ser-
mutated ABCDQR truncated receptors from in vivo ortho-
phosphate-labeled cells revealed that ERB is indeed
phosphorylated under basal conditions and that treat-
ment of the transfected cells with EGF significantly stim-
ulates phosphorylation of the truncated receptor (Figure
4E). The observation that PD98059 considerably re-
duced the extent of ERB phosphorylation (compare
lanes 2 and 4) supports a role for MAPK in the in vivo
phosphorylation of the receptor. The importance of both
Ser-106 and Ser-124 in ERB phosphorylation was evi-
denced by a severe diminution in the EGF-induced hy-
perphosphorylation state of ERBS1%1%4 mutant as com-
pared to wild type.

Discussion

In this report, we explored the molecular mechanisms
underlying ligand-independent activation of a nuclear
receptor, ERB, by the coactivator SRC-1. Our work led
to the identification of a novel SRC-1 interaction domain
within ERB AF-1, whose activity can be upregulated
by phosphorylation. Thus, this study demonstrates that
phosphorylation of the AF-1 domain of a member of the
nuclear receptor superfamily enhances the recruitment
of a steroid receptor coactivator (SRC-1) and provides
a molecular basis for ligand-independent activation of
ERp via the MAPK cascade.

SRC-1 has been described as a coactivator that inter-
acts and enhances the transcriptional activity of a num-
ber of nuclear receptors in a ligand- and AF2-dependent
manner (Ofate et al., 1995). Based on three different
approaches, enhancement of ERB activation by SRC-1
in the absence of ligand was found to be independent
of AF-2. First, the partial antiestrogen OHT had no appre-
ciable effect on SRC-1-induced unliganded ERp activity
while the pure antiestrogen EM-652 completely abol-
ished this effect. This observation strengthens the need
for pure antiestrogens in breast cancer therapy where
all aspects of ER-regulated gene expression, including
coactivator-mediated hormone-dependent as well as
hormone-independent activation pathways, must be re-
garded as direct targets for antiestrogen action. Second,
transcriptional activity of ERBY®A an AF-2-defective
mutant, was comparable to wild-type ERp in the pres-
ence of SRC-1. Third, removal of the entire LBD did not
cause significant change in activation of ERf by SRC-1
in the absence of ligand. In contrast to ERp, the activa-
tion of unliganded ERa by SRC-1 may require an intact
AF-2 domain as suggested by the lack of response to
SRC-1 of an AF-2-defective ERa mutant (data not shown).
Since SRC-1 has been shown to interact weakly with
the A/B domain of ERa in vitro (Lavinsky et al., 1998;
Ofate et al., 1998; Webb et al., 1998), this suggests
that SRC-1-mediated transcriptional activation of unli-
ganded ERa and B may arise from differential use of
AF-1- and AF-2-integrated functions.

The identification of two phosphorylation sites within
the SRC-1 interaction domain of ERB AF-1 suggested

that phosphorylation could modulate its activity. Indeed,
Ser-106 and Ser-124 were shown to be phosphorylated
in vitro by the Pro-directed MAPK, which resulted in
increased interaction of ERB with SRC-1. ERB AF-1 was
also shown to become hyperphosphorylated after treat-
ment of transfected cells with EGF. More importantly,
effectors such as Ras, EGF, and IGF-1, which are known
to trigger the activation of the MAPK pathway, contrib-
uted to a significant enhancement in the recruitment
of SRC-1 by an AF-2-defective ERf mutant in the ab-
sence of E; in vivo. Phosphorylation-mediated activator/
coactivator interactions have first been shown to be
essential in CBP recruitment by the nuclear factor CREB
(Chrivia et al., 1993). However, phosphorylation of Ser
residues in CREB can lead to opposite effects, that is,
phospho-Ser-133 stabilizes whereas phospho-Ser-142
disrupts secondary structure-mediated interactions be-
tween CBP and CREB (Parker et al., 1998). Interestingly,
both positive and negative regulation of nuclear receptor
activity has been associated with phosphorylation of
the AF-1 domain (Hu et al., 1996; Adams et al., 1997;
Camp and Tafuri, 1997; Taneja et al., 1997; Shao et al.,
1998). For human ER«, Ser-118 in AF-1 was reported to
be in vitro phosphorylated by MAPK and critical for EGF
and Ras stimulation in the presence of ligand (Kato et
al., 1995; Bunone et al., 1996). However, Ser-118 of ERa
does not seem to be involved in the recruitment of co-
activators (Webb et al., 1998). For PPARy, MAPK-medi-
ated phosphorylation of the A/B domain decreases its
transcriptional activity (Hu et al., 1996; Adams et al.,
1997; Camp and Tafuri, 1997), presumably by decreas-
ing the affinity of the LBD for its ligands via interdomain
communication (Shao et al., 1998). Finally, RARa AF-1
can be activated through binding to and phosphoryla-
tion by the general transcription factor TFIIH (Rochette-
Egly et al., 1997). Taken together, the data presented in
this manuscript, supported by an accompanying paper
(Hammer etal., 1999 [this issue of Molecular Cell]), reveal
a novel mechanism of nuclear receptor activation via
AF-1 phosphorylation that involves direct coactivator
recruitment.

Experimental Procedures

Expression Vectors and Transfections

Mouse ERB expression plasmid was prepared by introducing a
Sall-BstEll 5’ extension fragment (GenBank accession number
AF067422) into the previously described pCMX-mERR (Tremblay et
al., 1997). This fragment extends the open reading frame by 64 amino
acid residues at the beginning of the N-terminal region, resulting in
a mERR of 549 residues. ERB-S (65-549), ERa, and SRC-1 expres-
sion constructs and the reporter plasmids have been described
previously (Tremblay et al., 1997). The ERB AF-2-defective L509A
and various serine mutants were generated by PCR mutagenesis
using Pfu polymerase (Stratagene). All other truncated or deletion
mutants of ERB and a were constructed by amplifying the appro-
priate fragments by PCR and subcloning them into the expression
vector pCMX or fusing them to the Gal4 DBD. Cosl cells were
maintained in phenol red-free DMEM supplemented with 10% char-
coal dextran-treated serum and cotransfected with, typically, 500
ng ERETKIuc reporter along with 100 ng of mouse ERB or ERa
expression vectors and equal amounts of human SRC-1 expression
plasmid unless otherwise stated. Following transfection, cells were
refed with the appropriate growth medium for 16 hr and harvested
for luciferase and B-gal determination. Luciferase values have been
normalized by B-gal activities and are expressed as relative lucifer-
ase units (RLU). OHT and EM-652 were obtained as previously de-
scribed (Tremblay et al., 1998).
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Immunoprecipitation and GST Pull-down Experiments

For immunoprecipitation, transfected 293 T cells were harvested in
TEB lysis buffer (50 mM HEPES [pH 7.5], 0.4 M KCI, 0.2 mM EDTA,
0.1% NP-40) supplemented with 5 mM sodium vanadate, 10 mM
sodium fluoride, 1 mM phenylmethylsulfonyl fluoride, and 5 pwg/ml
leupeptin. Cell lysates were precleared before incubation with ERB
antibody (clone Y-18, Santa Cruz Biotech) and protein A-Sepharose
(Pharmacia) at 4°C overnight. The immunocomplex was pelleted,
washed in TEB, and resolved by SDS-PAGE. Labeled proteins were
visualized by autoradiography. For immunoblotting experiments,
293 T cell lysates were subjected to immunoprecipitation as above
except that an antibody to HA peptide was used to recognize the
HA-tagged SRC-1 expressed in transfected cells. The immunopre-
cipitates were analyzed by Western blot using the ERB antibody
followed by peroxidase-conjugated anti-goat IgG, and signals were
visualized with the POD chemiluminescence kit (Boehringer-Mann-
heim). Pull-down experiments were performed with in vitro trans-
lated and ®S-labeled SRC-1 incubated in IPAB buffer (Tremblay et
al., 1997) containing 0.1% CHAPS with GST or GST fusions con-
taining the wild-type or mutated A/B domain of ERB immobilized
on glutathione beads. Labeled proteins retained on the beads after
washing were analyzed by SDS-PAGE and autoradiography.

In Vitro and In Vivo Phosphorylation

For in vitro phosphorylation assay, bacterially expressed and puri-
fied GST fusions of wild-type and serine-mutated ERB (aa 96-130)
immobilized on glutathione beads were resuspended in kinase
buffer containing [y-**P]JATP and Erk2 (New England Biolabs) and
incubated at 30°C for 30 min. %P incorporation was determined
following SDS-PAGE. Gels were stained with Coomassie blue to
monitor for equal loading and autoradiographed. For in vivo phos-
phorylation, subconfluent 293 T cells were transfected with wild-
type or S106,124A-mutated ABCDp (aa 65-274) expression plas-
mids and refed with DMEM growth medium. After 48 hr, transfected
cells were metabolically labeled with [*?P] orthophosphate and
treated for 20 min with EGF or PD98059, or left untreated. Cells
were then harvested and subjected to immunoprecipitation with an
antibody to ERp followed by SDS-PAGE and autoradiography.
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