
Replacement of the Conserved Tyrosine 1210 by Phenylalanine in the Insulin
Receptor Affects Insulin-Induced Dephosphorylation of Focal Adhesion Kinase but

Leaves Other Responses Intact†

Gerard C. M. Van der Zon, D. Margriet Ouwens, Jannette Dorrestijn, and J. Antonie Maassen*

Department of Medical Biochemistry, SylVius Laboratory, Leiden UniVersity,
Wassenaarseweg 72, 2333 AL Leiden, The Netherlands

ReceiVed February 13, 1996; ReVised Manuscript ReceiVed May 22, 1996X

ABSTRACT: The families of tyrosine and serine/threonine kinases exhibit shared clusters of conserved amino
acid residues. Some conserved residues are confined to the family of tyrosine kinases (TKs), like Tyr at
position 1210 in the insulin receptor. Nearly all TKs have at this position Tyr, whereas Ser/Thr kinases
generally have Phe at this site. The three-dimensional structure of the insulin receptor TK domain shows
Tyr1210 to be located in the cleft, below bound ATP, in a region which potentially contributes to substrate
binding. We have examined whether this specific Tyr residue contributes to the generation of TK-specific
responses, such as Tyr phosphorylation of Shc, activation of Ras and Erk1,2, and stimulation of DNA
synthesis. In addition, we have examined the contribution of Tyr1210 to insulin receptor-specific responses
as Tyr phosphorylation of IRS1, stimulation of glycogen synthesis, and dephosphorylation of focal adhesion
kinase (FAK). Wild-type and a mutant insulin receptor, in which Tyr1210 was replaced by Phe, were
stably expressed in CHO cells, and clones expressing similar numbers of insulin receptors were selected.
It was found that replacement of Tyr1210 by Phe resulted in a receptor which was nearly inactive in
inducing dephosphorylation of FAK. The mutant receptor was able to induce RasGTP formation, glycogen
synthesis, and activation of phosphatidylinositol 3-kinase, though the magnitude of stimulation of some
responses was decreased. These findings indicate that Tyr1210 is not essential for the induction of tyrosine
kinase-specific responses, such as activation of the Shc/Ras/Erk1,2 pathway and mitogenicity. On the
other hand, the abrogation of insulin-induced FAK dephosphorylation indicates that Tyr1210 is involved
in coupling of the activated receptor to some downstream targets. Thus, Tyr1210 may fine tune the
signal generated by the activated insulin receptor.

The insulin receptor is a member of the tyrosine kinase
superfamily (Ullrich et al., 1985; Ebina et al., 1985; Hanks
et al., 1988). Members of this family are generally involved
in the induction of cell proliferation and differentiation via
a signaling pathway involving Shc phosphorylation, RasGTP
formation, and activation of the kinase cascade involving
Erk1,2 (Yarden & Ullrich, 1988; Pazin & Williams, 1992).
A characteristic of the insulin receptor is the stimulation of
additional cellular responses as Tyr phosphorylation of IRS1,
which is involved in activation of phosphatidylinositol
3-kinase (PI3kinase), stimulation of glucose uptake, and
glycogen synthesis (Myers & White, 1993). Another
recently identified insulin response is the dephosphorylation
of focal adhesion kinase (FAK) by activating a phosphoty-
rosine phosphatase (Pillay et al., 1995; Ouwens et al., 1995).
Mutations in the insulin receptor are associated with a variety
of insulin resistance syndromes (Taylor et al., 1992).
The three-dimensional structure of the cytoplasmic domain

of the insulin receptor has recently been resolved and shows

a strong similarity with the structure of protein kinase A, a
member of the family of Ser/Thr kinases (Hubbard et al.,
1994; Knighton et al., 1991). Both structures show two lobes
with a single connection between them. The ATP binding
site is located within the cleft between the lobes. In the case
of protein kinase A (PKA), an inhibitory peptide which
prevents interaction of PKA with substrates binds to the
surface of the lower lobe at a region in the vicinity of Phe238
(Knighton et al., 1991b). This residue corresponds to
Tyr1210 in the insulin receptor. The overall folding of the
insulin receptor and PKA are quite similar in this region,
and it is feasible that the region around position 1210 in the
insulin receptor is involved in substrate recognition. Nearly
all Tyr kinases have conserved a Tyr at the position
corresponding to 1210 in the insulin receptor, whereas most
Ser/Thr kinases have other amino acids at this site, frequently
a Phe (Hanks et al., 1988).

Receptor tyrosine kinases activate various postreceptor
processes, leading to a mitogenic response (Marshall, 1995).
PKA and other Ser/Thr kinases mostly are involved in
nonmitogenic responses and phosphorylate a number of
substrates on Ser/Thr residues in particular consensus
sequences (Kemp & Pearson, 1990). It is plausible that the
conserved Tyr residue in tyrosine kinases, corresponding to
Tyr1210 in the insulin receptor, contributes to the selection
of specific substrates and to generation of tyrosine kinase-
specific signals.
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We have examined the contribution of Tyr1210 in the
insulin receptor to the induction of tyrosine kinase-specific
responses like activation of the Shc/Ras/Erk1,2 pathway and
mitogenic response. In addition, its contribution to the
induction of insulin-specific responses was examined, like
IRS1 phosphorylation, dephosphorylation of FAK, and
stimulation of glycogen synthesis. For those purposes, we
have replaced in the WT-insulin receptor (WT-IR) the residue
Tyr1210 by Phe (F1210-IR). The mutant receptor was
expressed in CHO cells, and the effect on insulin-induced
responses was examined.

EXPERIMENTAL PROCEDURES

Materials and Methods.All chemicals were analytical
grade. 32P-labeled inorganic phosphate and A14 mono[125I]-
iodoinsulin (2000 Ci/mmol) were from Amersham, U.K.
Polyclonal anti-phosphotyrosine (anti-PY) and anti-IRS1
antibodies, raised in rabbits, and determinations of phos-
phatidylinositol 3-kinase activity in immunoprecipitates have
been described previously (Ouwens et al., 1994); anti-FAK
and anti-Erk1,2 were obtained from UBI, and anti-Shc was
a kind gift from Dr. J. L. Bos. Monoclonal anti-PY was from
Oncogene (U.S.A.). Cells were grown in DMEM supple-
mented with 10% fetal calf serum (FCS) (Ouwens et al.,
1994). Isolation of glycoproteins and receptor autophos-
phorylation was performed according to Maassen at al.
(1991).
Construction of the Expression Vector for F1210-IR.A

WT-IR expression vector was used as a template to generate
by recombinant PCR a cDNA fragment of the insulin
receptor. Two sets of primers, for fragments A and B,
respectively, were used. Fragment A was amplified with
primer 2937 (TTATGAATTCCTGAAAGAGGCAGCC) and
the mutant primer 3745 (CCTGTTCATTAGACAGGCCT-
TGGAAAGGCTGTTCTGCC). Amplification of fragment
B was with the complementary mutant primer 3708 (GGCA-
GAACAGCCTTTCCAAGGCCTGTCTAATGAACAGG)
and primer 4350 (CATGGGGTGCACAGCAAGTTG). The
mutant primers introduce the Phe codon TTC at nucleotide
3722. Fragments A and B were purified by electrophoresis
through low-melting agarose, mixed in equimolar amounts,
and denatured by incubation at 97°C. After renaturation,
the mixture was amplified using primers 2937 and 4350. The
fragment of 1413 bp was digested withBstX1 andSpeI, and
the resulting fragment was purified by electrophoresis on
low-melting agarose. This fragment was ligated in the WT-
insulin receptor cDNA in a pSP65 vector after digestion with
BstXI and SpeI. The ligation mixture was transfected into
Escherichia colistrain C600. Clones containing the ligated
insert were selected by hybridization. DNA sequencing was
performed to confirm the correct sequence of the exchanged
fragment and the presence of the TTC codon for Phe.
Subsequently, the total cDNA insert was replaced in the
SV40-driven expression vector (Riedel et al., 1986).
CHO Cell Lines Expressing WT-IR and F1210-IR.The

expression vectors encoding WT-IR and IR1210F were
transfected into CHO 9 cells using the calcium phosphate
precipitation procedure, as described previously (Ouwens et
al., 1994). After selection on G418 (600µg/mL), clones
were picked and cloned by limiting dilution and clones were
examined for receptor expression by insulin binding experi-
ments (Maassen et al., 1991).

Determination of Erk1,2, Shc, IRS1, and FAK Phospho-
rylation. These analyses have been described previously
(Ouwens et al., 1994, 1996). In brief, confluent cells in 5
cm dishes were made quiescent by incubation for 24 h in
DMEM containing 1% bovine serum albumin. Subse-
quently, cells were either stimulated by insulin for the
indicated time periods or kept unstimulated and lysed in 300
µL of SDS1 sample buffer [0.1 M TRIS-phosphate (pH 6.8),
3% SDS, 10% glycerol, 5% 2-mercaptoethanol, and 0.01%
bromophenol blue]. Approximately 25µL (50 µg of protein)
was used for Western blotting. Tyr phosphorylation was
visualized using anti-PY antibodies. Erk1,2 phosphorylation
was analyzed using antibodies for Erk1,2. Phosphorylation
induces a mobility shift of the 4 and 44 kDa bands. In
addition, cells were lysed in 300µL of lysis buffer [20 mM
TRIS-HCl (pH 7.6) 20 mM NaF, 0.1 mM EDTA, 0.1 mM
PMSF, 1µg/mL leupeptin, 100µM sodium vanadate, and
1% Triton X100] and IRS1, Shc, or FAK was immunopre-
cipitated by appropriate antibodies and the immunoprecipitate
collected by protein A Sepharose beads. The immunopre-
cipitate was analyzed by Western blotting using monoclonal
anti-PY antibodies (PY20).
Alternatively, cells were labeled with32Pi (see under

RasGTP Formation), stimulated with insulin, or kept un-
stimulated, proteins were immunoprecipitated by appropriate
antibodies, as mentioned in the legends of the figures, and
the immunoprecipitates were analyzed by SDS-PAGE.
Incorporation of radioactivity into proteins was visualized
by autoradiography.
RasGTP Formation. This assay has been described

previously (Burgering et al., 1992) and involves culturing
the cells for 16 h on phosphate free DMEM medium,
supplemented with32Pi. Subsequently, cells were insulin
stimulated or kept unstimulated, as indicated in the legends
of the figures, and lysed. Ras was collected by immuno-
precipitation, and coprecipitating guanine nucleotides were
analyzed by thin layer chromatography. Radioactivity in the
GDP and GTP spots was quantitated on a phosphoimager.
[ 3H]Thymidine Incorporation.The details of the proce-

dure have been described previously (Ouwens et al., 1994).
Briefly, cells were serum starved on DMEM with 1% bovine
serum albumin for 24 h, followed by the addition of various
concentrations of insulin or by addition of 10% FCS.
Incubation was continued for another 16 h, and [3H]-
thymidine (0.5µCi, 81 Ci/mmol) was added. Two hours
later, cells were washed and lysed, and incorporated radio-
activity was determined by liquid scintillation counting.
Incorporation of Glucose into Glycogen.Cells were

grown to maximal confluency and were made quiescent by
incubation for 24 h in DMEM with 1% bovine serum
albumin. Subsequently, cells were washed with PBS and
incubated for 3 h at 37°C in MEM containing 2.5 mM
glucose, 0.1% BSA, and 10 mM HEPES (pH 7.4). Three
hours later, newmediumwas added, supplemented with [14C]-
glucose (0.5µCi/mL, 283 mCi/mmol). Incubation was
continued for 90 min at 37°C. Subsequently, cells were
washed three times with ice-cold PBS, lysed in 20% KOH
for 30 min at 37 °C. The lysates were transferred to
Eppendorf vials, carrier glycogen was added to 1 mg/mL,

1 Abbreviations: PMSF, phenylmethanesulfonyl fluoride; SDS-
PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis;
TRIS, tris(hydroxymethyl)aminomethane.
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and vials were incubated at 100°C for 30 min. Glycogen
was precipitated by adding ethanol to a 70% final concentra-
tion followed by incubation for 1 h at 0°C. Precipitate was
collected by centrifugation. The glycogen precipitate was
washed three times by 1 mL of ice-cold 70% ethanol and
dissolved in 1 mL of water. Radioactivity was quantitated
by liquid scintillation counting.

RESULTS

Insulin Binding Characteristics and Insulin-Induced Au-
tophosphorylation, and Phosphorylation of IRS1 and Shc.
Clonal CHO cell lines expressing WT-IR and mutant F1210-
IR were selected, and receptor expression was examined by
insulin binding experiments. Two clones each with similar
levels of expression were selected. Scatchard plots showed
the presence of approximately 1.3× 106 receptors of high-
affinity wild-type and mutant receptors. TheKD for both
the WT-IR and F1210-IR was approximately 2.5 nM.
Western blot data showed that protein levels of IRS1, Shc,
and Erk1,2 were similar in these cell lines [not shown; see,
however, also Figure 5 and Ouwens et al. (1994)].
Insulin-induced receptor autophosphorylation was exam-

ined in two sets of experiments. In one set, the cells were
labeled with32Pi. Subsequently, cells were made quiescent
or stimulated with 1µM insulin. Insulin receptors and other
Tyr-phosphorylated proteins were immunoprecipitated by a
polyclonal anti-PY antibody, and the immunoprecipitate was
examined by SDS gel electrophoresis and autoradiography.
Figure 1 shows an example of such an experiment on CHO
WT-IR cells and CHO F1210-IR cells. No major differences
in induction ofâ-chain phosphorylation are present, judging
from the autoradiogram. When the data on the various cell
lines were quantitated on a phosphorimager, no significant
difference in the level of phosphorylation of the WT- and
F1210-IRâ-chain was detected.
Subsequently, we have examined the stimulation of Tyr

phosphorylation of IRS1 by insulin in the cell lines express-
ing WT and F1210 mutant receptors. Cells were made
quiescent and stimulated with insulin, and Tyr phosphory-
lation of IRS1 was examined by Western blotting of cell
lysates and probing the blot with anti-phosphotyrosine
antibodies (anti-PY). These data are shown in Figure 2. Both

WT- and F1210-IRs were active in inducing Tyr phospho-
rylation of IRS1. When experiments on three different clonal
cell lines each were evaluated, it was found that the maximal
level of phosphorylation induced by mutant receptors was
approximately 70% of the level reached by WT receptors.
Tyr phosphorylation of Shc was determined by immuno-

precipitating Shc from cells metabolically labeled with32Pi.
It was found that WT and mutant receptors were similarly
active in inducing Tyr phosphorylation of Shc (not shown).
Insulin-Induced Dephosphorylation of FAK.A specific

response of insulin and not of most other tyrosine kinase
receptors is the dephosphorylation of phosphotyrosine resi-
dues on FAK. When CHOWT-IR and CHO F1210-IR cells
were labeled with32Pi and stimulated with insulin or kept
unstimulated, followed by immunoprecipitation of Tyr-
phosphorylated proteins by antibodies against PY, we noticed
in the immunoprecipitates the disappearance of a band with
an apparent molecular mass of 120 kDa in the case of CHO
WT-IR cells but not in CHO F1210-IR cells (Figure 1). Tyr
dephosphorylation of the 120 kDa band in the case of CHO
WT cells is also seen in the experiments involving Western
blot analysis of total cell lysates by PY antibodies (Figure
2). Immune precipitation with anti-FAK antibodies and
analysis of the immunoprecipitate by Western blot analysis
with monoclonal anti-PY confirmed the identity of the 120
kDa band to be FAK (not shown). The experiment was
repeated on three different clonal cell lines each of cells
expressing WT and mutant receptors with similar results.
ActiVation of IRS1-Associated PI3Kinase.Insulin-induced

activation of PI3kinase is predominantly mediated by Tyr
phosphorylation of IRS1 and subsequent binding of the p85/
p110 PI3kinase complex to IRS1 (Myers et al., 1992). We
have examined the ability of WT- and F1210-IRs to activate
PI3kinase in anti-IRS1 immunoprecipitates. CHO cell lines,
expressing WT-IR and F1210-IRs, respectively, were made
quiescent and stimulated with insulin or kept unstimulated.
Cells were lysed, IRS1 was immunoprecipitated, and PI3kinase
activity was determined in the immunoprecipitate. Figure
3 shows the quantitated data. F1210-IRs did activate
PI3kinase, though to a lower level than WT-IRs.
Insulin-Induced RasGTP Formation, Phosphorylation of

Erk1,2, and Mitogenicity.Insulin-induced RasGTP forma-
tion proceeds largely by interaction of Tyr-phosphorylated
Shc with a complex between the adaptor protein Grb2 and
the guanine nucleotide exchange factor SOS (Li et al., 1993).
We have examined the increase in RasGTP levels in response
to insulin stimulation in CHOWT-IR cells and CHO F1210-
IR cells. Quiescent cells, metabolically labeled with32Pi,
were kept unstimulated or stimulated with 1µM insulin for

FIGURE 1: Insulin-induced Tyr phosphorylation of proteins. CHO
cells expressing WT- or F1210-IRs (MUT) were labeled with32Pi.
Cells were stimulated (+) with insulin for 5 min or kept unstimu-
lated (-), followed by lysis of the cells and immune precipitation
of Tyr-phosphorylated proteins with polyclonal phosphotyrosine
antibodies. The immunoprecipitate was analyzed by SDS-PAGE
and autoradiography. Molecular weights are indicated as is the
position of the insulin receptorâ-chain.

FIGURE 2: Analysis of Tyr-phosphorylated proteins in transfected
cell lines by Western blotting. CHO cells expressing WT- and
F1210-IRs were stimulated with insulin (+) or kept unstimulated
(-). Cells were lysed, and cell lysate (50µg of protein) was
analyzed by Western blotting using a monoclonal anti-PY antibody.
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5 min. Subsequently, cells were lysed, Ras was immuno-
precipitated, and the amount of coprecipitating GDP and GTP
was analyzed by thin layer chromatography and autoradiog-
raphy. Figure 4 shows the autoradiogram and quantitated
data. Cells expressing the F1210 mutant showed higher basal
levels of RasGTP and a somewhat lower induction of
RasGTP formation.
The dose-response relation of insulin-induced phospho-

rylation of Erk1 and Erk2 was examined by stimulating the
CHO WT-IR and CHO F1210-IR cells with increasing
concentrations of insulin for 10 min, followed by analysis
of Western blots with antibodies against Erk1,2. Phospho-
rylation leads to a shift of Erk1,2 to a lower mobility. The
results, given in Figure 5, indicate that both receptors induce
a marked phosphorylation of Erk1,2.
CHOWT-IR and CHO F1210-IR cells were also examined

for the ability of insulin to stimulate [3H]thymidine incor-
poration. The dose-response relation is presented in Figure
6. CHO WT-IR cells show the characteristic bell-shaped
dose-response relation, as reported previously (Osterop et
al., 1994). Cells expressing the mutant receptor showed a

marked stimulation of [3H]thymidine incorporation, though
the fold stimulation of basal uptake was decreased and also
the bell shape was less pronounced.
Insulin-Stimulated Synthesis of Glycogen.Unlike most

other tyrosine kinases, the activated insulin receptor triggers
a series of events which leads to an increased conversion of
glucose into glycogen. We have examined the stimulation
of glycogen synthesis by insulin at various insulin concentra-
tions in CHO WT-IR and CHO F1210-IR cells. Cells were
made quiescent, insulin was added, and the incorporation of
[14C]glucose into glycogen was subsequently assayed. The
dose-response relation of insulin-stimulated incorporation
of glucose into glycogen in these cell lines was similar. A
maximum of 2-fold stimulation was reached at 100 nM
insulin, the ED50 being 0.5 nM (data not shown). The results
show that the F1210- and WT-IRs have a similar activity in
stimulating glycogen synthesis. This result was also seen
in other clonal cell lines.
Temperature Stability of WT- and F1210-IR.We have

subsequently examined whether the mutation affects the
temperature stability of the insulin receptor tyrosine kinase
domain. For that, WT and mutant receptors were partially
purified by wheat germ lectin chromatography of lysates of
CHO WT-IR and CHO F1210-IR cells. The receptor
preparations were incubated for 1 h with 1 mM insulin at
37 °C and at higher temperatures and subsequently subjected
to receptor autophosphorylation conditions by addition of

FIGURE 3: Insulin-induced stimulation of phosphatidylinositol
3-kinase activity. Cells expressing WT- or F1210-IRs were
stimulated with insulin or kept unstimulated. IRS1 was immuno-
precipitated, and coprecipitating PI3 kinase activity was assessed
by a PI3 kinase activity assay using [32P]ATP and phosphatidyl-
inositol as substrate. Formation of 3-phosphophosphatidylinositol
was analyzed by thin layer chromatography, followed by quanti-
tation of the amount of radioactivity in the 3-phosphophospha-
tidylinositol spots by phosphoimager. Standard deviations are
indicated.

FIGURE 4: Insulin-induced formation of RasGTP. CHO cells
expressing WT- or F1210-IRs (MUT) were labeled with32Pi. Cells
were stimulated with insulin (+) or kept unstimulated (-), followed
by lysis of the cells and immune precipitation of Ras. Coprecipi-
tating guanine nucleotides were analyzed by thin layer chroma-
tography and autoradiography. Positions of GDP and GTP are
indicated. The quantitated data on three clonal cell lines are as
follows: (standard deviation): WT-basal (6( 3%), WT-stimulated
(66( 9%), mutant-basal (20( 5%), and mutant-stimulated (47(
4%).

FIGURE5: Insulin-induced phosphorylation of Erk1 and Erk2. CHO
cells expressing WT- or F1210-IRs were stimulated with increasing
concentrations of insulin for 10 min or kept unstimulated. Cells
were lysed, and phosphorylation of Erk1 and Erk2 was analyzed
by Western blot using an antibody recognizing Erk1 and Erk2.
These positions are indicated.

FIGURE 6: Insulin-stimulated incorporation of [3H]thymidine into
DNA. CHO cells (106 cells) expressing WT- or F1210-IRs were
made quiescent by incubation for 16 h in medium containing bovine
serum albumin. Subsequently, cells were kept unstimulated or
stimulated with increasing concentrations of insulin and [3H]-
thymidine was added. Incorporation of radioactivity in DNA was
determined by liquid scintillation counting. The level of radioactivity
incorporated in the presence of 10% FCS was approximately 200
000 cpm. Experiments were performed in triplicate on two clonal
cell lines each. SDs are indicated.
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manganese ions and32P-labeled ATP. Subsequently, recep-
tors were immunoprecipitated and subjected to gel electro-
phoresis, andâ-chain labeling was determined by phosphor-
imager analysis. The quantitated data are presented in Figure
7. Both WT- and F1210-IR showed the same pattern of
receptor inactivation with increasing temperatures. Incuba-
tion of insulin alone for 1 h at 46°C had no effect on the
activity of the hormone to induce receptor autophosphory-
lation, indicating that the decreased autophosphorylation
activity is due to inactivation of the insulin receptor.

DISCUSSION

Signal transduction by receptor tyrosine kinases is in
general triggered by receptor autophosphorylation and Tyr
phoshorylation of substrate proteins, such as Shc and IRS1.
Phosphorylated Tyr residues can serve as docking sites for
proteins containing matching SH2 domains (Cantley et al.,
1991). This interaction can activate enzymes, like in the
case of PI3kinase by binding to Tyr-phosphorylated IRS1,
or it can induce translocation of proteins to a particular
compartment in the cell, e.g. in the case of binding of the
Grb2-SOS complex to Tyr-phosphorylated Shc (Myers et
al., 1992; Li et al., 1993). Alternatively, Tyr phosphorylation
itself is sufficient to alter certain enzymatic properties of the
protein, reflected by activation of phospholipase C by Tyr
phosphorylation (Kim et al., 1991). In the case of insulin
receptor signal transduction, early postreceptor processes
involve Tyr phosphorylation of IRS1 and of Shc and
dephosphorylation of Tyr-phosphorylated FAK. IRS1 phos-
phorylation and FAK dephosphorylation are specific re-
sponses of the insulin receptor and are not induced by most
other Tyr kinases (Myers & White, 1993; Pillay et al., 1995).
Nearly all receptor Tyr kinases contain a conserved Tyr

residue, corresponding to Tyr1210 in the insulin receptor.
Ser/Thr kinases lack this particular Tyr residue (Hanks et
al., 1988), despite the overall conservation of many other
conserved residues through the families of Tyr and Ser/Thr
kinases. In the three-dimensional structure of the insulin
receptor, Tyr1210 is located at the surface on the lower lobe,
in the cleft where ATP binds. It is plausible that this part
of the surface on the lower lobe is involved in substrate
recognition. We have examined to what extent the conserved
Tyr1210 contributes to the main characteristic response of

all Tyr kinases, i.e. stimulation of a mitogenic response
through Shc phosphorylation, and activation of Ras and Erk1/
2. In addition, the contribution to insulin-specific responses
such as IRS1 phosphorylation, FAK dephosphorylation, and
induction of glycogen synthesis was studied.
We observed that replacement of the conserved Tyr residue

by Phe had no major effect on the magnitude of the mitogenic
response and, in accordance, on insulin-stimulated Shc
phosphorylation, RasGTP formation, and phosphorylation of
Erk1,2. Though the mutant receptor did show some minor
alterations in the dose-response relations or the magnitude
of the responses. This finding indicates that the conserved
Tyr1210 is not an essential amino acid residue in recognition
of the substrate leading to Shc phosphorylation, nor is it
required in conferring the kinase activity specific to Tyr
residues. Tyr1210 only seems to modulate slightly the
coupling of the receptor with downstream targets, e.g. as
reflected by the higher basal RasGTP levels in cells express-
ing the mutant receptor. The mutant receptor is also able to
induce Tyr phosphorylation of IRS1, being a specific
response for the insulin receptor and not of most other Tyr
kinases, and concomitant activation of PI3kinase. The
mutant receptor shows a reduced ability for these responses,
suggesting a contribution of Tyr1210 in recognition of the
substrate leading to IRS1 phosphorylation.
The findings indicate that this particular Tyr residue which

is conserved in nearly all tyrosine kinases is not essential
for action of the insulin receptor tyrosine kinase.
Another possibility is that the Tyr residue is involved in

stabilizing the three-dimensional structure of the TK domain
to protect the protein against thermal inactivation in a living
organism. This possibility is suggested by the three-
dimensional structure as the hydroxyphenyl moiety of
Tyr1210 is inward-bound and hydrogen bonded to two well-
ordered, internal water molecules (S. R. Hubbard, personal
communication). We have examined whether replacement
of Tyr1210 by Phe leads to an increased sensitivity to
temperature-induced destabilization of the tyrosine kinase
activity. For that, we performed insulin-induced receptor
autophosphorylation experiments using both WT and mutant
receptors after incubating the receptor at increasing temper-
atures. That approach showed a parallel temperature-induced
loss of receptor autophosphorylation of the mutant and WT-
IRs, arguing against a contribution of Tyr1210 to the stability
of the tyrosine kinase domain.
Another recently observed response which is specific for

the insulin receptor is the dephosphorylation of focal
adhesion kinase and paxillin (Pillay et al., 1995; Ouwens et
al., 1995). This response is quite specific for the insulin
receptor as activation of most other tyrosine kinases is
without effect on FAK phosphorylation or even stimulates
phosphorylation. Recently, we provided evidence that
insulin-induced FAK dephosphorylation involves the phos-
photyrosine phosphatase PTP-1D or SYP (Ouwens et al.,
1996). To our surprise, we observed that the F1210-IR
exhibits a severely reduced activity in mediating insulin-
induced dephosphorylation of FAK. Unfortunately, the
precise mechanism by which insulin receptors induce the
dephosphorylation of FAK is not yet known, and this
situation hampers the characterization of the substrate(s)
whose activity is modulated by replacement of Tyr1210 by
Phe. The finding, however, that replacement of Tyr1210
by Phe severely affects the response of FAK dephosphory-

FIGURE 7: Temperature-induced inactivation of insulin-induced
receptor autophosphorylation. Insulin receptors were partially
purified from CHO cells expressing WT- or F1210-IRs. Receptors
were incubated for 1 h at 37°C or at higher temperatures in the
presence of 1µM insulin. Receptor autophosphorylation was
subsequently determined by adding [32P]ATP. Radioactivity incor-
porated in theâ-chain was quantitated by immune precipitation of
the IR, followed by phosphoimager analysis ofâ-chain labeling.
The incorporated radioactivity is expressed as the percentage of
the radioactivity incorporated at 37°C.
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lation indicates that this conserved Tyr residue somehow
contributes to signaling by the activated insulin receptor, the
substrate, or substrates involved requiring further elucidation.
A contribution of Tyr1210 in fine tuning postreceptor
signaling pathways is also reflected by the altered pattern
of insulin stimulation of glycogen synthesis and [3H]-
thymidine incorporation, upon replacement of this Tyr by
Phe. These fine-tuning processes may generate the constraint
which has led to the conservation of this particular tyrosine
residue in most tyrosine kinases during evolution.
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