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ABSTRACT Protein kinases share a number of highly
conserved or invariant amino acid residues in their catalytic
domains, suggesting that these residues are necessary for
kinase activity. In p180'bB3, a receptor tyrosine kinase belong-
ing to the epidermal growth factor (EGF) receptor subfamily,
three of these residues are altered, suggesting that this protein
might have an impaired protein tyrosine kinase activity. To test
this hypothesis, we have expressed human EGF receptor and
bovine pj80erbB3 in insect cells via baculovirus infection and
have compared their autophosphorylation and substrate phos-
phorylation activities. We have found that, while the EGF
receptor readily undergoes EGF-stimulated autophosphoryla-
tion and catalyzes the incorporation of phosphate into the
model substrates (E4Y,). (random 4:1 copolymer of glutamic
acid and tyrosine) and GST-p85 (glutathione S-transferase
fusion protein with the 85-kDa subunit of phosphatidylinositol
3-kinase), p180erbB3 autophosphorylation and substrate phos-
phorylation are at least 2 orders of magnitude less efficient.
However, pl80wrbB3 is capable of binding the ATP analog
5'-p-fluorosulfonylbenzoyladenosine, indicating that the lack
of observed kinase activity is probably not due to nonfunctional
or denatured receptors expressed by the insect cells. On the
basis of these results, we propose that pl80erbB3 possesses an
impaired intrinsic tyrosine kinase activity.

HRG stimulates tyrosine kinase activity in NIH 3T3 cells
transfected with the bovine cDNA encoding pl84)rbB3 (22).

Despite these observations, questions have arisen regard-
ing the intrinsic protein tyrosine kinase activity of pl8OtrbB3.
These questions stem from the observation that several
amino acid residues that are highly conserved in the catalytic
domains of protein kinases (8) are altered in the pj8OerbB3
catalytic domain (5, 6). Particularly noteworthy is the sub-
stitution of asparagine for aspartic acid at residue 834 of the
predicted human p180VrbB3 sequence (6) (residue 833 of the
bovine sequence). The corresponding residue is located in the
active site of protein kinase A (9) and is essential for
biological activity (10). Moreover, identical point mutations
in the c-kit- and v-fps-encoded tyrosine kinases abolish
activity (11, 12). This raises the possibility that the EGF
receptor-like protein p180erbB3 lacks an intrinsic protein ty-
rosine kinase activity (13).

In the study described here, we have expressed bovine
p180erbB3 in insect cells via baculovirus infection and com-
pared its autophosphorylation and tyrosine kinase activities
with insect cell-expressed EGF receptor. We find that al-
though p180erbB3 is capable of binding ATP and HRG, its
catalytic activity is at least 2 orders of magnitude less than
that of the EGF receptor.

Growth factor receptors of the class I subfamily, which
include the epidermal growth factor (EGF) receptor,
p185erbB2/neu, p180erbB3, and p180erbB4 proteins, are believed
to direct cellular growth through the ligand-stimulated tyro-
sine phosphorylation of intracellular substrates (1, 2). Am-
plification of the genes encoding these proteins has been
observed in a variety of human carcinomas, and it has been
reported that the overexpression ofp185erbB2/neu is associated
with a poor prognosis of breast and ovarian cancer patients
(3, 4). These observations suggest that members of the class
I receptor subfamily may contribute to the growth or malig-
nancy of some human tumors.
The erbB3 cDNA was originally identified in libraries from

several human cancer cell lines by low-stringency screening
with probes corresponding to other members of the class I
receptor family (5, 6). Expression of the cloned erbB3 cDNA
in COS cells followed by immunoblotting with peptide anti-
bodies yielded a single band of -160 kDa (5). More recent
studies indicated that erbB3 expression in human cancer cells
and transfected NIH 3T3 mouse fibroblasts produces an
='180-kDa protein, which has been termed p180erbB3 (7).
These studies also indicated that p180ebB3 is overexpressed
in a number of human breast cancer cell lines and that the
receptor is constitutively tyrosine-phosphorylated in a subset
of these. Our very recent studies demonstrate that p180erbB3
is a receptor for the growth factor heregulin (HRG) and that

MATERIALS AND METHODS
Antibodies. Polyclonal antiserum K1 to pl80O-bn3 was the

gift of J. Koland (University of Iowa). Anti-EGF receptor
monoclonal antibody 291-3A was provided by R. Schatzman
(Syntex, Palo Alto, CA). Anti-phosphotyrosine antibody
4G10 was obtained from Upstate Biotechnology (Lake
Placid, NY). Anti-EGF receptor monoclonal antibody 13A9
was obtained from Genentech. Polyclonal antiserum raised to
FSBA was provided by R. Gaehlen (Purdue University).
Polyclonal antiserum 3183 was raised in rabbits against the
synthetic peptide Cys-Glu-Leu-Glu-Pro-Glu-Leu-Asp-Leu-
Asp-Leu-Asp-Leu-Glu (from the pl80erbW3 tail region) cou-
pled to keyhole limpet hemacyanin through its cysteine
residue. Anti-peptide antibodies were affinity-purified with
immobilized peptide prior to their use in immunoprecipitation
experiments.

Cloning of Bovine pl80erb3 and Expression of Human EGF
Receptor and pl8WrbB3 in Insect Cells. An -500-bp fragment
ofpl80erbB3 cDNA was inadvertently cloned as a side product
of an independent polymerase chain reaction with a bovine
brain cDNA library template. This fragment was then used to
isolate a cDNA corresponding to the entire coding region of
bovine p180erbB3, which was sequenced and exhibited 94%

Abbreviations: EGF, epidermal growth factor; FSBA, 5'-p-fluoro-
sulfonylbenzoyladenosine; HRG, heregulin; (E4Yl)P, a random co-
polymer of glutamic acid and tyrosine in a 4:1 ratio, or poly
(Glu8OTyr20); GST-p85, glutathione S-transferase fusion protein with
the 85-kDa subunits of phosphatidylinositol 3-kinase.
tTo whom reprint requests should be addressed.

8132

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked "advertisement"
in accordance with 18 U.S.C. §1734 solely to indicate this fact.



Proc. Natl. Acad. Sci. USA 91 (1994) 8133

amino acid identity with the human protein (5, 6) over the
entire open reading frame. The human EGF receptor and
bovine pl80erbB3 cDNAs were inserted into the pAcYMPi
insect-cell transfer vector (14) by standard recombinant DNA
methods. Recombinant viruses encoding the EGF receptor
and p180erbB3 proteins were prepared by using the Baculo-
Gold kit (PharMingen) according to the directions of the
manufacturer and were plaque-purified prior to use in protein
production. Sf9 cells were infected with various viruses and
harvested after 48-72 hr. Purification of plasma membranes
and phosphorylation of the polymer substrate (E4YJ), [ran-
dom 4:1 copolymer of glutamic acid and tyrosine, or
poly(GluOTyr20); Sigma] by membranes were carried out as
described (14). Membranes obtained from cells infected with
the different viruses were normalized to protein concentra-
tion.

Immunoprecipitations and Tyrosine Kinase Assays. For
immunoprecipitation experiments, 107 infected cells were
lysed in 1 ml of 20 mM sodium Hepes, pH 7.4/1% Triton
X-100/150 mM NaCl/1 mM EDTA/50 ,uM phenylmethylsul-
fonyl fluoride/i ug each of leupeptin, aprotinin, and pepsta-
tin A per ml. One hundred microliters of the cleared lysate
was removed, and the remaining 900 y4 was treated with 1.6
Mg of either 13A9 or 3183 antibody to form immunoprecipi-
tates, which were either analyzed by immunoblotting or
divided into four equal aliquots for use in phosphorylation
reactions.

Phosphorylations by immunoprecipitates were carried out
in a 100-pl volume in the presence of 5 mM MnCl2 and 20 ,uM
[y-32P]ATP (-3000 Cerenkov cpm/pmol) for 10 min at room
temperature. Reactions were stopped with the addition of 50
,ul of 5 x sample buffer (23) and proteins were resolved by
SDS/7% PAGE. Where indicated, the model substrates
(E4Yl)" and GST-p85 (glutathione S-transferase fusion pro-
tein with the 85-kDa subunit ofphosphatidylinositol 3-kinase;
purified with glutathione agarose as described in ref. 24) were
present in the phosphorylation reactions at concentrations of
0.5 mg/ml and 0.05 mg/ml, respectively. Phosphorylated
bands were excised from the dried gels, and the associated
radioactivity was determined by Cerenkov counting. For
(E4Yl)" quantification, a segment of the gel lane correspond-
ing to the 43-kDa to 105-kDa region was excised.

Labeling. ATP binding proteins in purified plasma mem-
branes were labeled with 100 ,uM 5'-p-fluorosulfonylbenzoyl-
adenosine (FSBA; Sigma) for 10 min at room temperature in
the presence and absence of 1 mM ATP. Labeled proteins
were detected after SDS/7% PAGE by blotting with affinity-
purified antibodies to FSBA. Affinity purification of anti-
FSBA antibodies with ATP-agarose was carried out as de-
scribed (15).

RESULTS
The infection of insect cells with recombinant baculovirus
affords the high-level expression of foreign sequences and
has been used (16) in the expression of functional growth
factor-responsive EGF receptor. To test the hypothesis that
p180erbB3 possesses an impaired kinase activity, we com-
pared the autophosphorylation and tyrosine kinase activities
of insect cell-expressed human EGF receptor and bovine
erbB3. Using 125I-labeled EGF (125I-EGF) and 125I-labeled
HRG,3 (1251-HRG81), we have determined that the insect cell
expression levels for EGF receptor and erbB3 are 55,000
(unpublished observations) and 40,000 receptors per cell
(K.L.C., unpublished data), respectively, under the condi-
tions employed. Hence, the extent of phosphorylation of
receptors in purified plasma membranes and whole-cell ly-
sates from insect cells expressing these proteins is directly
comparable.

Tyrosine Kinase Activities of Receptors in Purified Plasma
Membranes from Infected Insect Cells. Sf9 cells were either
not infected (Fig. 1, lane 1) or infected with baculovirus
encoding EGF receptor (Fig. 1, lane 2) or erbB3 (Fig. 1, lane
3). Purified plasma membranes from these cells containing
equal amounts of protein were then examined for expression
of the receptors by immunoblotting with anti-EGF receptor
monoclonal antibody 291-3A or anti-erbB3 polyclonal anti-
body K1. Fig. 1A Top shows that the Sf9 cells infected with
recombinant baculovirus encoding EGF receptor expressed
this protein as a doublet of 158 kDa and 140 kDa. Previous
studies have shown that Sf9 cells express the EGF receptor
as a =155 kDa glycoprotein (16). The relative amount of the
140-kDa protein observed varied considerably from one
preparation to the next (not shown), suggesting that it may be
a degradation product of the full-length 158-kDa form. Cells
infected with virus encoding erbB3 expressed this protein as
a single band of 168 kDa when analyzed by SDS/7% PAGE
(Fig. 1A Middle). The observed sizes of the insect cell-
expressed receptors were roughly 12 kDa less than their
observed sizes in mammalian cells, probably because the
insect cells are incapable of transferring complex-type oligo-
saccharides to foreign cell-surface proteins (16). The appar-
ent discrepancy in the levels of EGF receptor and erbB3 in
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FIG. 1. Expression ofEGF receptor and erbB3 in insect cells and
detection of tyrosine kinase activity. (A) Proteins in purified plasma
membranes from uninfected Sf9 insect cells (lane 1) and cells infected
with recombinant baculovirus encoding human EGF receptor (lane
2) or bovine erbB3 (lane 3) were phosphorylated in the presence of
ATP, resolved by SDS/PAGE, and immunoblotted with antibodies
against EGF receptor (a EGFR) (Top), erbB3 (a erbB-3) (Middle)
and phosphotyrosine (a phosphotyrosine) (Bottom). (B) Membranes
from cells infected with wild-type (wt), EGF receptor, and erbB3
viruses were used to phosphorylate various concentrations of the
polymer substrate (E4YA), in the presence of [y.32P]ATP.
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Fig. 1 probably results from the relatively weak immunoblot-
ting efficiency of the 291-3A antibody (unpublished observa-
tions).
To test the autophosphorylation activities of the EGF

receptor and erbB3 proteins, we exposed the insect cell
plasma membranes to 5 mM MnCl2 and 20 gM ATP and
analyzed the phosphotyrosine content of the receptors by
immunoblotting with anti-phosphotyrosine antibodies. We
observed that, while both bands of the EGF receptor doublet
could be detected with anti-phosphotyrosine, the erbB3 band
could not be detected (Fig. 1A Bottom). It should be noted
that our previous studies indicate that the presence of Mn2+
in the phosphorylation reaction is sufficient to fully activate
the autophosphorylation activities of the EGF receptor (17,
18) and erbB2/neu (14), obviating the need for growth factor
activation. However, the presence of saturating levels of
HRG, the ligand for p18oerbB3, was incapable of stimulating
erbB3 catalytic activity (not shown).
To test the catalytic activities of the membrane receptors,

we examined the phosphorylation of the model substrate
(E4Y1),. We have observed previously that this substrate is
efficiently phosphorylated by EGF receptors in purified
plasma membranes from A431 cells (unpublished observa-
tions) and by the tyrosine kinase domain of pl85erbB2/neu
expressed in insect cells (14). Fig. 1B shows that insect cell
membranes containing EGF receptor efficiently phosphory-
lated this substrate. However, membranes prepared from
cells infected with either wild-type baculovirus or virus
encoding erbB3 showed no ability to phosphorylate (E4Y1)A.
Since the amounts of the two receptors in the membranes
were comparable, these data suggest that erbB3 in insect cell
membranes possesses an impaired kinase activity.

Tyrosine Kinase Activities of Receptors in Immune Complex
Kinase Assays. To further characterize the kinase activities of
the insect cell-expressed EGF receptor and erbB3 proteins,
we compared the autophosphorylation and substrate phos-
phorylation activities of the two receptors in immune com-
plex kinase reactions. We first immunoprecipitated extracts
from cells infected with wild-type, EGF receptor-encoding,
or erbB3-encoding viruses with anti-EGF receptor (13A9) or
anti-erbB3 (3183) antibodies. Substrates and [32P]ATP were
then added to immunoprecipitated receptors, and radiola-
beled proteins were visualized by autoradiography after
SDS/PAGE. Identical immunoprecipitations were per-
formed in parallel to assess the efficiencies of immunopre-
cipitation by immunoblotting. We observed that both the
13A9 and 3183 antibodies precipitated >80% of their target
receptors in the insect cell lysates (not shown). Moreover,
staining of the blots with Ponceau S revealed that the
amounts of the EGF receptor and erbB3 proteins obtained
after immunoprecipitation were comparable (Fig. 2A).

Fig. 2B shows the autoradiogram corresponding to recep-
tor autophosphorylation and the phosphorylation of (E4Y1)O
and GST-p85 by the EGF receptor and erbB3 immunopre-
cipitates. In each of the 13A9 immunoprecipitates from EGF
receptor-expressing cells, we observed the presence of a
heavily phosphorylated band at 158 kDa (see lanes 3 and 11),
which probably results from EGF receptor autophosphory-
lation. No phosphorylated band was observed in identical
immunoprecipitates from cells infected with wild-type virus
(lanes 2 and 10). Phosphorylation of GST-p85 (which mi-
grates as a single band at -110 kDa; lane 11) and of (E4Y1)A
(which runs as a smear throughout the gel lane; lane 7) was
readily detectable in EGF receptor immunoprecipitates. Un-
der identical conditions, no phosphorylation of erbB3,
(E4Y1)O or GST-p85 in 3183 immunoprecipitates of erbB3-
expressing cells was observed (lanes 4, 8, and 12, respec-
tively). However, when vastly overexposed, a small amount
of phosphorylation of each of these proteins was detected in
erbB3 immunoprecipitates (not shown).
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FIG. 2. Immune complex kinase assays of insect cell-expressed
EGF receptor and erbB3. Lysates from cells infected with wild-type
(wt), EGF receptor-encoding, or erbB3-encoding baculovirus were
immunoprecipitated with anti-EGF receptor antibody 13A9 (lanes
1-3) or anti-erbB3 antibody 3183 (lanes 4-6). (A) The immunopre-
cipitated erbB3 and EGF receptor were visualized by staining with
Ponceau red. (B) The autoradiogram depicts immune complex kinase
reactions in the absence of added substrate (lanes 1-4) or in the
presence of 0.5 mg of (E4YA)n (lanes 5-8) or 0.05 mg of GST-p85
(lanes 9-12) per ml. Sizes are shown in kDa. The bands depicted in
A were excised, and the associated radioactivity was determined by
Cerenkov counting. IP, immunoprecipitate.
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FIG. 3. FSBA labeling of insect cell-expressed EGF receptor and
erbB3. Membranes from cells infected with wild type (wt), EGF
receptor-encoding, and erbB3-encoding baculovirus were treated
with 100 juM FSBA in the presence and absence of 1 mM ATP as

indicated. Labeled proteins were resolved by SDS/PAGE, and
ATP-binding proteins were detected by immunoblotting with 1 Jg of
affinity-purified anti-FSBA antibodies per ml, followed by alkaline
phosphatase detection.

To quantify the relative kinase activities of the two recep-
tors, the EGF receptor, erbB3, (E4YA), and GST-p85 bands
in the lanes depicted in Fig. 2A were excised, and the
associated radioactivity was determined (Fig. 2C). Again, we
observed that there was a very small but detectable amount
of phosphorylation of erbB3, (E4YO,, and GST-p85 in 3183
immunoprecipitates from erbB3-infected insect cells relative
to identical immunoprecipitates from cells infected with
wild-type virus. However, the autophosphorylation and sub-
strate phosphorylation activities of the EGF receptor far
exceeded those for erbB3. Given that the quantities of the
receptors in the immunoprecipitates were roughly equiva-
lent, we estimate that the stoichiometry of EGF receptor
phosphorylation was 65- to 120-fold greater than that for
erbB3 and that the phosphorylation of the (E4Yl),, and
GST-p85 substrates by the EGF receptor was 125- to 160-fold
greater than by erbB3. It should be noted that we estimate the
stoichiometry of EGF receptor autophosphorylation in the
immune complex kinase reactions to be -3 mol of Pi per mol
of receptor and the turnover number for (E4Y1)A phosphor-
ylation to be -0.2 min-. These parameters are very similar
to those obtained for the EGF receptor in plasma membranes
from human carcinoma (A431) cells (unpublished observa-
tions) and for the recombinant soluble tyrosine kinase domain
of erbB2/neu expressed in insect cells (14).

Affinity Labeling of Membrane Receptors with FSBA. One
possible explanation for the lack of kinase activity observed
with erbB3 is that the protein was denatured or functionally
inactive when expressed in the insect cells. This seems
unlikely because the EGF receptor was fully functional under
the conditions employed and the erbB2/neu protein was also
catalytically active when expressed in these cells (14). More-
over, insect cell-expressed erbB3 bound its ligand HRG with
sub-nanomolar affinity (22). However, we tested the possi-
bility that the erbB3 catalytic domain was functionally inac-
tive by examining the abilities of the expressed receptors to
specifically bind the ATP analog FSBA. This agent has been
used previously to affinity-label the EGF receptor in mem-
branes from A431 cells (19). The labeling of receptors in
insect cell membranes with FSBA was detected by immu-
noblotting with affinity-purified anti-FSBA antibodies. Fig. 3
shows that FSBA covalently bound to the 158-kDa EGF
receptor and the 168-kDa erbB3 proteins in plasma mem-
branes purified from insect cells expressing these proteins. In
both cases, labeling was inhibited with a 10-fold excess of
unlabeled ATP. These data suggest that the kinase domain of
insect cell-expressed erbB3 is capable of binding ATP.

DISCUSSION
The tyrosine kinase subdomain of p180erbB3 shares 60-62%
sequence identity with the catalytic domains of the other

members of the class I growth factor receptor subfamily (6)
(Fig. 4). Despite this degree of homology, three residues that
are critically conserved throughout the protein kinases are
altered in the pl80erbB3 protein, which could potentially
render the erbB3 kinase inactive. Through the characteriza-
tion of the autophosphorylation and substrate phosphoryla-
tion activities of the insect cell-expressed protein, we dem-
onstrate here that erbB3 has a suppressed tyrosine kinase
activity relative to the EGF receptor. This is consistent with
the notion that the substituted amino acids give rise to a
functionally impaired kinase.
The most significant alteration in pl80erbB3 relative to other

protein kinases is the substitution of asparagine for aspartic
acid at residue 834 of the human sequence (residue 833 of the
bovine sequence). On the basis of the crystal structure of
protein kinase A (9) and molecular modeling of the EGF
receptor tyrosine kinase domain (13), this residue is situated
in the kinase active site. It has been proposed that this
aspartic acid is responsible for deprotonating the substrate
hydroxyl, facilitating its nucleophilic attack of the y phos-
phate of ATP (9, 13). Because asparagine is incapable of
deprotonating the phenolic hydroxyl of the bound substrate,
the catalytic activity of p180erbB3 should be significantly
suppressed. A second alteration, the substitution of histidine
for glutamic acid at residue 759 of the human pl80erbB3
sequence, is part of an a-helix that has almost completely
diverged from the other members ofthe EGF receptor family.
This residue has been proposed to indirectly participate in the
coordination and stabilization of the a and /3 phosphates of
the bound ATP. However, all of the residues involved in the
binding of the adenine ring are intact, consistent with our
observation that insect cell-expressed erbB3 is capable of
binding FSBA.
Our data indicate that although the tyrosine kinase activity

of the insect cell-expressed erbB3 protein is at least 2 orders
of magnitude lower than that for the EGF receptor or
erbB2/neu, some autophosphorylation and substrate phos-

bErbB3 714 R HKGVWIPEGE SIKIPVC: IEDKS GRQ SFQAVTDHML 760

ErbB3 715 HM HKGVWIPEGE SIKIPV IEDLS.DGRQ SFQAKTD 761
EGFR 718 L YKGLWIPEGEKVKIP LREAT. SPK ANK .VP764
Neu 731 L YKGIWIPDGE NHVKI' LRELT..DSPE ANKEI Y 777
FAK 403 HQGIYMS.PE NPAMACKICT. .SDS VREYKA 448

c-src 281 WMGTW..GT. R KPT.... .M SPEAFLL 320
weel 572 K ....VEDPV EKTL L.KVKFSGPK E 616
MAPK 49 I S....AYDHV RKT. IS.. PFEHQT YCQ 10 91
cAMPK 50 LE)E ...VLHK. ES I LDtQKWKLK QIT 94
MLCK 303 4 2CTM...LCTEK. S IKKQTP ...K D E 344

bErbB3 827 HGMVHRNLAA L. .KSP SQ V ADLLPPDDKQ LLYEAK.TP 873

ErbB3 828 H L. .KSP F ADLLPPDDKQ LLYSEAK.TP 874
EGFR 831 L..1KTPQHV1 L AKLLGAEEKE VP 877
Neu 844 VR ~ L.. KSP HHVKI FARLLDIDETE .VP 890
FAK 514 K A ~L..SAT DCE(D(LSRYME.DSTY YKAS .LP 560

c-src 388 LV..GEN LVCK F ARLIEDNE.. YA FP 433
weel 687 CEYIAP I ..LKI F ASVWPV.PR. ... 729
MAPK 161 P LI.N HTT CDLKI F ARIADPEH..LTE 204
cAMPK 161 LDLI P LIDOOG. .YIQ AKR. .VKGR. TT ... 202
MHICK 412 RL KP LCVHTTG HLVKI ARRYHPNEK. L ... 457

bErbB3 874 IkWMALSIHFGKYT HO TVWG

ErbB3 875 ....IKWMAL ESIHFGKYT H ra TVWE 903
EGFR 878 .... IKWMAL I~SILHRIYT HQ TVWE 906
Heu 891 ....IKWMAL IISILRRRFT HQ TVWE 919
FAX 561 .... IXWKAP j~SINFRRFT S CMWE 589

c-src 434 ....ImWTAPAALYGRFT I LLTE 462
weel 730 .... CEYIAP '.LANHLYD XPIS TVFE 758
MAPK 205 YVATRWYRAP NINSKGYT KS W ILAE 238

cAM6PK 203 .... PEYLAP .ILSKGYN KA LIYE 231
MLCK 458 .... PEFLSP .VHYDQIS DX ITYM 486

FIG. 4. Sequence alignment of the erbB3 kinase domains with
other protein kinases. The kinase domains of the human and bovine
erbB3 proteins, human EGF receptor, rat pl85erbB2/neu, chicken
focal adhesion kinase (FAK), mouse c-src, yeast weel, mouse MAP
kinase (MAPK), mouse cAMP-dependent protein kinase (cAMPK),
and the rabbit skeletal muscle myosin light chain kinase (MLCK) are
compared. Residues in boxes are highly conserved or invariant
throughout the known protein kinases (8). The aspartic acid residue
(834 in human erbB3, 833 in bovine erbB3) has been proposed to be
directly involved in the phosphotransferase catalytic mechanism (9).
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phorylation is detectable. However, neither the erbB3 auto-
phosphorylation nor substrate phosphorylation reactions are
stimulated in the presence of HRG, which binds to insect
cell-expressed erbB3 with an affinity of0.85 nM (22). Hence,
it is likely that an endogenous insect-cell tyrosine kinase is
responsible for the observed erbB3 phosphorylation and
coimmunoprecipitates with erbB3.
A previous report indicated that p180erbB3 overexpressed in

NIH 3T3 mouse fibroblasts is constitutively tyrosine phos-
phorylated and that a chimera consisting ofthe EGF receptor
extracellular domain and the erbB3 intracellular domain can
undergo an EGF-stimulated autophosphorylation reaction
(7). On the basis of those studies, the authors concluded that
p180erbB3 possesses a ligand-stimulatable tyrosine kinase
activity. Indeed, we have observed that HRG stimulates the
tyrosine phosphorylation of an =180-kDa protein in NIH 3T3
cells stably transfected with bovine erbB3, but not in parental
NIH 3T3 cells (22). However, our recent studies indicate that
EGF treatment of A431 cells stimulates the tyrosine phos-
phorylation of p180erbB3 and elicits the recruitment of phos-
phatidylinositol 3-kinase to a complex containing the
p180erbB3 protein (25). Moreover, we have found that there is
a strong propensity for p180erbB3 and p185erbB2/neu to het-
erodimerize upon HRG binding, and that this heterodimer-
ization event mediates the tyrosine phosphorylation of both
receptors (26).
These observations may point to the biochemical function

of a kinase-suppressed receptor in transmembrane signaling.
We propose that pl80erbB3 is a target for ligand-stimulated
heterodimerization with other class I growth factor receptors
and acts to modulate the growth regulatory input by being
cross-phosphorylated. (We have observed that NIH 3T3 cells
express both EGF receptor and pl85erbB2/neu, which could
account for the phosphorylation of pl80erbB3 in these cells.)
The cross-phosphorylation of pl80erbB3 leads, then, to the
recruitment and activation of intracellular signaling mole-
cules that would not be stimulated if this receptor were not
present on the surface ofthe cell. For example, the tail region
of the pl80erbB3 protein contains six putative tyrosine phos-
phorylation sites that fit the consensus sequence for inter-
action with phosphatidylinositol 3-kinase (20), whereas EGF
receptor and pl85erbB2/neu have none. It is possible that
p18OerbB3 acts to couple phosphatidylinositol 3-kinase acti-
vation to EGF signaling in a manner analogous to the
coupling of phosphatidylinositol 3-kinase to insulin signaling
by IRS-1 (21).
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