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Increased Insulin Sensitivity and
Obesity Resistance in Mice
Lacking the Protein Tyrosine
Phosphatase-1B Gene
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Protein tyrosine phosphatase—1B (PTP-1B) has been implicated in the negative
regulation of insulin signaling. Disruption of the mouse homolog of the gene
encoding PTP-1B yielded healthy mice that, in the fed state, had blood glucose
concentrations that were slightly lower and concentrations of circulating insu-
lin that were one-half those of their PTP-1B*/™ littermates. The enhanced
insulin sensitivity of the PTP-1B~/~ mice was also evident in glucose and insulin
tolerance tests. The PTP-1B~/~ mice showed increased phosphorylation of the
insulin receptor in liver and muscle tissue after insulin injection in comparison
to PTP-1B*/* mice. On a high-fat diet, the PTP-1B~/~ and PTP-1B*/~ mice were
resistant to weight gain and remained insulin sensitive, whereas the PTP-1B*/*
mice rapidly gained weight and became insulin resistant. These results dem-
onstrate that PTP-1B has a major role in modulating both insulin sensitivity and
fuel metabolism, thereby establishing it as a potential therapeutic target in the
treatment of type 2 diabetes and obesity.

PTP-1B is implicated in the attenuation of the
insulin signal (7). Mice deficient in the hetero-
trimeric GTP-binding protein subunit G, , ex-
hibit a phenotype of insulin resistance charac-
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teristic of type 2 diabetes that correlates with
the increased expression of PTP-1B (2). PTP-
1B directly interacts with the activated insulin
receptor (3), and vanadate, a potent nonselec-
tive PTP inhibitor, can function as an insulin
mimetic both in vitro and in vivo (4). However,
PTPs other than PTP-1B can also dephosphor-
ylate the activated insulin receptor (5). To clar-
ify the role of PTP-1B in insulin action, we
generated mice in which the mouse homolog of
PTP-1B was disrupted.

The murine gene encoding PTP-1B was
cloned from a 129/Sv mouse genomic library
and shown to consist of at least nine exons

5 MARCH 1999 VOL 283 SCIENCE www.sciencemag.org



spanning more than 20 kb (6). A targeting
vector was designed to delete a portion of the
gene that included exon 5 and the tyrosine
phosphatase active site in exon 6 and to
replace it with the neomycin resistance gene.
Two separate embryonic stem cell clones that
had undergone homologous recombination
and possessed a single integration event were
used to microinject Balb/c blastocysts. Chi-
meric males were mated with wild-type
Balb/c females, and heterozygotes from this
cross were mated to produce animals ho-
mozygous for the PTP-1B mutation (Fig.
1A). Immunoblot analysis of liver micro-
somes revealed that PTP-1B protein was ab-
sent in PTP-1B null mice, and heterozygotes
expressed about half the amount of PTP-1B
as did wild-type mice (Fig. 1B). PTP-1B~/~,
heterozygous, and wild-type littermates were
born with the same appearance and with the
expected mendelian ratio of 1:2:1. PTP-
1B/~ mice grew normally, did not show any
significant difference in weight gain as com-
pared to wild-type mice, have lived longer
than 1.5 years without any sign of abnormal-
ity, and are fertile. Complete necropsies were

A il s Al e b

PTP-1B —»

Fig. 1. Gene targeting of the PTP-1B locus. (A}
Representative genomic Southern blot analysis
of tail DNA digested with Bam HI from a het-
erozygous cross resulting in wild-type (+/+),
heterozygous (+/-), and homozygous (-/-)
PTP-1B offspring. (B) PTP-1B immunoblot anal-
ysis of liver membrane sam?les from PTP-
1B*/*, PTP-1B*/~, and PTP~/~ mice.
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done on male and female wild-type, het-
erozygous, and homozygous PTP-1B mutant
mice 7 to 8 weeks old, and no gross or
histological (brain, liver, muscle, pancreas,
and testes) differences were observed.

If the role of PTP-1B in the insulin sig-
naling pathway is to dephosphorylate the ac-
tivated insulin receptor, then mice deficient
in PTP-1B might have a sustained insulin
response because the insulin receptor would
remain phosphorylated and hence be activat-
ed longer than in PTP-1B*'* mice. We mea-
sured glucose and insulin concentrations in
fasted and fed animals (7) (Fig. 2). In the fed
state, the PTP-1B~/~ mice had a significant
13% reduction in blood glucose concentra-
tions, whereas the heterozygotes had an 8%
reduction when compared to wild-type mice
(Fig. 2A). The PTP-1B™/~ mice had circu-
lating insulin concentrations that were about
half those of control fed animals (Fig. 2B).
Thus, PTP-1B-deficient mice appeared to be
more insulin sensitive, because they main-
tained lower glucose concentrations with sig-
nificantly reduced amounts of insulin. In the
fasted state, there were no significant differ-
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Fig. 2. Serum concentrations of glucose and
insulin in animals fed ad libitum or fasted over-
night. (A) Glucose and (B) insulin concentra-
tions were determined as described (7). Dark
bars indicate fed group [(A) and (B), n = 19 to
21); light bars indicate fasted group [(A),n = 8
to 10; (B), n = 6]. Values are given as means *
SEM. Statistical analysis was done with a two-
tailed, unpaired, Student'’s t test. Compared to
the wild type, *P = 0.06 and **P < 0.01.

ences in concentrations of glucose or insulin.

We examined insulin sensitivity in PTP-
1B~/~, PTP-1B*/~, and PTP-1B*'* mice
with oral glucose and intraperitoneal insulin
tolerance tests (§). Administration of a bolus
of glucose to PTP-1B~/~ mice resulted in a
more rapid clearance of glucose than was
observed in wild-type mice (Fig. 3A). There
was a more pronounced hyperglycemia in the
wild-type animals at all time points after
glucose administration than in PTP-1B-defi-
cient mice. Increased insulin sensitivity was
also observed upon injection of insulin (Fig.
3B). Hypoglycemia was evident 30 and 60
min after injection, but by 120 min after
injection glucose concentrations were return-
ing to normal values in wild-type mice,
whereas the PTP-1B-deficient mice re-
mained hypoglycemic (P < 0.02). The PTP-
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Fig. 3. Glucose and insulin tolerance tests in
PTP-1B*/* (diamonds), PTP-1B*/~ (squares),
and PTP-1B~/~(triangles) mice. (A) Glucose
tolerance of male mice 10 to 14 weeks old (n =
11). (B) insulin tolerance of male mice 10 to 14
weeks old (n = 5 to 6). Data are presented as
means = SEM. Statistical analysis was done
with a two-tailed, unpaired, Student's t test.
Compared to the wild type, *P < 0.05 and **P
< 0.02.

Table 1. Fasting glucose, triglyceride, and insulin levels of male wild-type, heterozygote, and PT-1B~/~ littermates fed a normal or high-fat diet. Values
are given as the means + SEM. Statistical analysis was done with a two-tailed, unpaired, Student’s ¢t test. ND, not determined.

PTP-1B*/* PTP-1B*/~ PTP-1B~/~
Diet
Normal High fat Normal High fat Normal High fat
Glucose (mM) 6.1 =03 81 *0.6* 62 *03 73 *£06 63 =03 7.0 *04
Triglycerides (mM) 1.84 = 0.76 2.41£0.19 143 = 0.44 244 + 032 0.86 = 0.18* 1.46 * 0.15*
Insulin (ng/ml) 0.30 £ 0.02 0.98 + 0.32 ND 0.97 £0.30 0.33 = 0.08 0.45 * 0.14*

*P < 0.05 (n = 6 to 10).
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1B~ mice did not show altered glucose
tolerance as compared to that in wild-type
mice, although glucose concentration at 120

>

IR Phosphorylation
~, (arbitrary units)
o % 8 8 8 8
*

250

200 ¥

150 »

100

50

c‘. ! e
o

3007

IR Phosphorylation
(arbitrary units)

— %

250

N~
N\

200

150

1007

(arbitrary units)

507

IRS-1 Phosphorylation €

T + -

Fig. 4. Increased and prolonged tyrosine phospho-
rylation of the insulin receptor in PTP-1B~/~
mice. (A) Time course of tyrosine phosphoryl-
ation of the insulin receptor (IR) 3 subunit in the
liver after insulin treatment in PTP-1B*/* and
PTP-1B~/~ mice. Quantification of the insulin
receptor 3 subunit phosphotyrosine content from
immunoblots was performed by densitometry.
Data are presented by setting the amount of
phosphorylation at 1 min to 100 and the subse-
quent amount after 5 min for the same animal
relative to this value. The results are from five
PTP-1B~/~ and PTP-1B*/* mice each, from three
separate experiments. (B) Phosphorylation of the
insulin receptor B subunit in muscle of insulin-
treated PTP-1B*/* and PTP-1B™/~ mice. The
quantified data from immunoblots (n = 6, from
two separate experiments) are presented as arbi-
trary units. (C) Insulin-stimulated tyrosine phos-
phorylation of IRS-1 from muscle of PTP-1B*/*+
and PTP-1B~/~ mice 2 min after injection (n =
3). The quantified data are presented as arbitrary
units. Data are means * SEM. Statistical analysis
was done with a two-tailed, unpaired, Student's ¢
test comparing in (A) the 5-min to the 1-min
time point value and in (B) the PTP-1B~/~ mice
2- and 6-min time point values to the respective
values of the PTP-1B*/* mice (P < 0.05).
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min after injection of insulin appeared to be
intermediate between that of wild-type and
PTP-1B~'~ mice (Fig. 3).

Binding of insulin to its receptor results in
autophosphorylation of the receptor on ty-
rosines 1146, 1150, and 1151 in the kinase
regulatory domain (9). This causes activation
of the insulin receptor tyrosine kinase, which
phosphorylates the various insulin receptor
substrate (IRS) proteins that propagate the
insulin signaling event (9). If PTP-1B de-
phosphorylates the activated insulin receptor,
then the increased insulin sensitivity ob-
served in the PTP-1B~/~ mice may be due to
increased or prolonged phosphorylation of
the receptor (or both). We therefore measured
tyrosine phosphorylation of the insulin recep-
tor in liver and muscle tissue (Fig. 4, A and

Male
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¥ +/- (n=9)
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Fig. 5. Resistance of PTP-1B null and heterozy-
gous mice to diet-induced obesity. The percent
weight gain of male and female wild-type (di-
amonds), heterozygous (squares), and homozy-
gous (triangles) littermates fed a high-fat diet
for 10 weeks is shown. The starting weight
(male: +/+,276 = 14¢g +/-, 285+ 12 g
and —/—, 26.3 * 1.2 g female: +/+, 22.1 =
08g +/- 222 + 0.8 g and -/, 21.5 + 0.8 g)
and final weight (male: +/+,41.4 = 13 g +/-,
372 £ 20 g and /-, 335 = 1.6 g female:
+/+,333 + 1.7g +/-,27.3 = 13 g and /-,
27.2 = 1.4 g) of animals put on the high-fat
diet are indicated. The final weight was signif-
icantly different (P < 0.05) for PTP-1B null and
heterozygous mice as compared to wild-type
mice, except for male wild-type mice versus
heterozygotes (P = 0.1).

B) after exposure to insulin (/0). The kinetics
of insulin receptor phosphorylation in the
liver were significantly different in PTP-
[B~’~ mice than those observed in the PTP-
IB*'* mice. The amount of insulin receptor
phosphorylation was the same for both PTP-
IB~/~ and PTP-1B™'* animals 1 min after
injection. However, by 5 min after injection,
phosphorylation decreased to about 50% of
maximal in the PTP-1B*/* animals, whereas
no reduction was observed in the PTP-1B™/'~
mice. A greater effect on insulin receptor
phosphorylation was observed in muscle of
the PTP-1B~/~ mice. The absolute amount of
receptor phosphorylation was increased about
twofold in muscle from PTP-1B~/~ mice as
compared to that in muscle from PTP-1B*/*
animals (P < 0.05) (Fig. 4B). The amount of
insulin receptor phosphorylation in muscle
did not significantly change between 2 to 6
min after insulin injection in either PTP-
[B~/~ or PTP-1B*/* samples. No difference
in the amount of insulin receptor expression
was detected between PTP-1B*/* and PTP-
1B/~ mice, as determined by protein immu-
noblotting (11).

To confirm that the increased phosphoryl-
ation of the insulin receptor in the muscle of
insulin-treated PTP-1B™/~ mice reflects in-
creased kinase activity, phosphorylation of
IRS-1 was also measured (/2) (Fig. 4C).
Phosphorylation of IRS-1 was increased in
insulin-treated muscle from PTP-1B ™/~ mice
in comparison to muscle from wild-type an-
imals (P < 0.05). We have also examined
phosphorylation of another receptor tyrosine
kinase, the epidermal growth factor receptor,
and found no difference between PTP-1B
wild-type and deficient animals (/7). The
increased insulin receptor phosphorylation in
muscle and its sustained phosphorylation in
the liver probably accounts for the enhanced
insulin sensitivity observed in the PTP-
[B~'~ mice.

The disruption of the PTP-1B gene dem-
onstrates that altering the activity of PTP-1B
can modulate insulin signaling in vivo. To
determine the effect of the loss of PTP-1B
activity on insulin resistance, PTP-1B—defi-
cient, wild-type, and heterozygote littermates
were subjected to a diet high in fat (50% of
calories from fat) and calories (5286 kcal
kg~!; Bioserve, NJ) (13) that normally results
in obesity-induced insulin resistance (/4).
During the 10 weeks the mice were on this
diet, male and female wild-type littermates
rapidly gained weight, whereas PTP-1B~/~
and PTP-1B*/~ mice were substantially pro-
tected from diet-induced weight gain (Fig. 5).
The amount of food consumed by the animals
did not differ, which indicates that decreased
expression of PTP-1B (heterozygotes have
about half the amount of PTP-1B as that in
wild-type animals) can influence dietary-in-
duced obesity.
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We examined the effect of the high-fat
diet on insulin sensitivity in these animals.
Glucose and insulin concentrations in the se-
rum of fasting animals were measured, and
glucose and insulin tolerance tests were done
on all groups of animals [values for males are
presented; females had essentially the same
response (11)]. In wild-type mice, the high-
fat diet produced a 30% increase (P < 0.05)
in fasting blood glucose concentrations and a
threefold increase in serum insulin concentra-
tions (Table 1) as compared to wild-type
mice on a normal diet. In contrast, the PTP-
1B~/~ animals maintained glucose and insu-
lin concentrations while on the high-fat diet,
which were not significantly different from
those in animals on a normal diet (Table 1).
PTP-1B heterozygotes on a high-fat diet

showed increased fasting concentrations of

circulating insulin but had fasting glucose
concentrations that were not significantly dif-
ferent from those in animals on a normal diet
(Table 1). PTP-1B~/~ mice also had en-
hanced insulin sensitivity as compared to
their wild-type littermates in both glucose
and insulin tolerance tests (Fig. 6, A and B).
The difference in insulin sensitivity between
the PTP-1B~/~ "and PTP-1B*'* mice be-
came more augmented on the high-fat diet
because of the obesity-induced insulin resis-
tance of the wild-type mice. Obesity-induced
insulin resistance results in-a reduction in
insulin receptor phosphorylation and hence in
insulin signaling (/4). Examination of insu-
lin-stimulated receptor phosphorylation in
mice on the high-fat diet revealed that there
was a much greater difference in the amount
of insulin receptor phosphorylation between
the PTP-1B wild-type and deficient animals
(Fig. 6C). This increased difference appears
to be due to both a reduction in the amount of
insulin-stimulated receptor phosphorylation

Fig. 6. Insulin toler- A
ance of mice lacking
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in wild-type mice and a slight increase in the
amount of insulin-stimulated receptor phos-
phorylation in the PTP-1B™/~ mice. The
PTP-1B heterozygotes on the high-fat diet
also appeared to maintain a better response to
insulin-stimulated receptor phosphorylation
than did wild-type animals (Fig. 6).

The reason for the obesity resistance ob-
served in the PTP-1B~/~ mice is unclear at
this time, but analysis of triglyceride concen-
trations indicates that fat metabolism has
been affected in these animals. The PTP-
1B~ mice on either diet had significantly
lower triglyceride concentrations than did
wild-type and heterozygous mice (Table 1).
We also examined insulin-stimulated recep-
tor phosphorylation in adipose tissue and
found no significant difference between wild-
type and PTP-1B-deficient animals on either
diet (11). Thus, PTP-1B-deficient mice ap-
pear to show tissue-specific insulin sensitiv-
ity; muscle and liver have an enhanced insu-
lin sensitivity, whereas adipose tissue re-
mains unchanged relative to wild-type mice.
The effects that were observed in adipose
tissue could be the result of some compensa-
tory mechanism such as the up-regulation of
some other PTP [although no difference was
observed in the amount of PTP activity be-
tween wild-type and PTP-1B™/~ tissue ex-
tracts (11)] or could possibly be due to the
overall enhanced insulin sensitivity of the
PTP-1B-deficient animal.

The data presented identify PTP-1B as
having a major role in the insulin signaling
pathway. What this function is remains to be
clarified, but the simplest explanation would
be that it dephosphorylates the activated in-
sulin receptor. Recently, the disruption of the
leukocyte antigen—related (LAR) PTP, which
has also been suggested to affect the insulin
signaling cascade, has been described. The

PTP-1B and of wild-
type mice on a high-
fat diet. (A) Glucose
and (B) insulin toler-
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targeted mutagenesis of LAR produced mice
with impaired mammary gland development
(15) but with blood glucose concentrations
within the normal range (/6). In contrast, the
LAR-deficient mice generated by insertional
mutagenesis had body weights that were half
those of control mice and were insulin resis-
tant (/7). The reason for the difference in
phenotype between these two LAR-deficient
mice strains is unknown.

We have shown that the loss of PTP-1B
activity causes enhanced insulin sensitivity
and resistance to weight gain in mice. These
results make PTP-1B a potential therapeutic
target for the treatment of type 2 diabetes and
obesity.
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embryonic stem cell line J1 [E. Li, T. H. Bestor, R.
Jaenisch, Cell 69, 915 (1992)] and selection of G418
(400 pg/ml)-resistant transformants were done as
described [K. E. You-Ten et al., J. Exp. Med. 186, 683
(1997)]. Colonies resistant to G418 were analyzed for
homologous recombination by Bam HI digestion of
genomic DNA followed by Southern (DNA) blotting
and hybridization with a 3’ probe from outside the
recombination region. Generation of chimeric and
mutant mice was done as described [K. E. You-Ten et
al., J. Exp. Med. 186, 683 (1997)]. Genotyping was
done by Southern blotting. Immunoblot analysis of

Blood glucose
concentration (mM)
Blood Glucose
(% fasting glucose)
~
o

3
ance teits of male 10.00 pevarmeald 3 60 ¥ PTP-1B expression in liver membranes (25 wg per
mice (n = 7to 8) ona 5.00 ® +/-(n=7) 50 i lane) of PTP-1B+/*+, PTP-1B*/~, and PTP~/~ mice
high-fat diet. (C) Insu- A —=(n=7) 40 : i was done with a rabbit polyclonal antibody to a
l|n-st|mulated‘ insulin 00 s 30 50 120 sl 30 50 120 PTP-1B NH,-terminal peptide detected with en-
receptortyrosinephos- Time (min) Time (min) hanced chemiluminescence (NEN).

7. Male mice were used. Blood was collected from the

phorylation in muscle
400 - orbital sinus of anesthetized mice, and serum was

of fat-fed mice. The quantified

data from immunoblots (PTP- asol Rrepared. Serum g!ucose 'and triglyceride concentra-
1B~"- and PTP-1B*/* n = 5: and tions were determined with a Vitros analyzer, and a
- ! ! - 3004 radioimmunoassay (Linco, St. Charles, MO) was used

PTP-1B*/~, n = 3; from two sep- s SO N

. d = @ 2504 - to measure insulin concentrations.
arate ex.penments.) are presente =5 8. Glucose tolerance was performed after an overnight
as arbitrary units. Data are s > 200 fast by oral administration of glucose [1 g per kilo-
means * SEM. Statistical analy- F€ 150l gram of body weight (1 g/kg)]. Insulin tolerance tests
sis was done with a two-tailed, 2% were performed after an overnight fast by intraperi-
unpaired, Student’s t test (P < ;3 100t toneal injection of 0.75 U/kg of human insulin (1U ~
0,05), - 50+ / 7 40 pg) (Lilly). Blood was withdrawn from the tail, and
0 ) . L glucose concentrations were determined with a One
L2 e, 2 Touch Basic glucometer (Lifescan Canada Ltd,,
+/- -/~ Burnaby, Canada).
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9.

M. F. White and C. R. Kahn, J. Biol. Chem. 269, 1
(1994).

REPORTS

unit was done overnight at 4°C with the use of antibody
to the insulin receptor (1 pg) (C-19, Santa Cruz Bio-

fraction of muscle from insulin-treated mice was
done with two rabbit polyclonal antibodies to IRS-1

10. After an overnight fast, mice were anesthetized, technology, Santa Cruz, CA) followed by a 60-min (C-20, which binds to the COOH-terminus and A-19,
the abdominal cavity was exposed, and human incubation with 50 pl of a 50% slurry of protein which binds to the NH,-terminus).
insulin (5 U) (Lilly) or saline was injected as a bolus G-Sepharose (Pharmacia Biotech). The sample was  13. Male and female PTP-1B~/~ mice and their wild-type
into the inferior vena cava [E. Araki et al., Nature washed three times in 1 ml of RIPA buffer, and samples and heterozygous littermates at 7 to 8 weeks of age
372, 186 (1994); P. L. Rothenberg et al., J. Biol. were resolved by SDS-polyacrylamide gel electrophore- were fed a high-fat high-carbohydrate diet ad libi-
Chem. 266, 8302 (1991)]. One minute after injec- sis (8% gel). The gel was then transferred onto a poly- ;1ul|[n (Diet F3282, Bli(oserve, NJ) and monitored for the
tion, a small piece of liver was excised and imme- vinyl difluoride membrane, and the phosphotyrosine o °|:’;""g ]:Iofwile S. BOdytyvelght wal!s TeasureFl
diately frozen_ in liquid nitrogen. This was followed was detected with antibody to phosphotyrosine (4G10) weekly, and food consumption was closely moni-
at 2 and 3 min for quadriceps muscle and abdom- . : J tored. After 10 weeks, concentrations of glucose,
: . coupled to horseradish peroxidase (Upstate Biotech, Do . P X
inal fat, respectively, and the same procedure was Waltham, MA) and developed with enh d chemil insulin, and triglycerides in the serum of fasted ani-
again repeated at 5, 6, and 7 min. Immunoprecipi- attham, and developed with enhanced cnemilu- mals were measured, and glucose and insulin toler-
. R . minescence (NEN). The same blot was washed in 62.5 d
tation of the insulin receptor B subunit was done ; o ance tests were done.
as follows: the tissue (liver, muscle, or fat) was mM tris (pH 6.7), 2% w/v SDS, and100 mM B-mercap- 14 k. T, Uysal, S. M. Wiesbrock, M. W. Marino, G. S.
homogenized on ice in 50 mM tris (pH 7.5); 150 toethanol for 30 min at 55°C; rinsed; reprobed with the Hotamisligil, Nature 389, 610 (1997).
mM NaCl; 1 mM pyrophosphate; 100 1M pervana- antibody to the insulin receptor § subunit (C-19, Santa 15, R, Q. ). Schaapveld et al., Dev. Biol. 188, 134 (1997).
date (a potent PTP inhibitor) [G. Huyer et al., Cruz Biotechnology), followed by a second antibody to 16 K. Norris et al., FEBS Lett. 415, 243 (1997).
J. Biol.. Chem. 272, 843 (1997)]; and a protease rabbit immunoglobulin G coupled to horseradish perox- 17, | -M, Ren et al., Diabetes 47, 493 (1998).
inhibitoF cocktail tablet, Complete (Boehringer idase (Amersham); and detected by enhanced chemilu- 18 We thank D. Moller, J. Mudgett, E. Asante-Appiah,
Mannheim). A membrane fraction was prepared by minescence (NEN). The phosphotyrosine and 3-subunit and J. Evans for discussions. M.E. is a fellowship
centrifugation at 100,000g for 1 hour, and the signals from the x-ray films of the exposed blots were recipient and M.LT. is a Chercheur-Boursier Senior
protein concentration was determined. Membrane quantified by densitometry (Molecular Dynamics), and from the Fonds de la Recherche en Sante du Quebec.
protein (200 pg from liver or muscle, 100 g from amounts of phosphotyrosine were normalized to the Supported in part by a grant from the Medical Re-
fat) was solubilized in immunoprecipitation buffer amount of 3 subunit present in each sample. search Council (MRC)/Pharmaceutical Manufacturers
(RIPA) [150 mM NaCl, 10 mM phosphate buffer (pH 11 P. Payette, M. Elchebly, M. L. Tremblay, B. P. Kennedy, Association of Canada (M.LT.) and the MRC (J.H.-H.).
7.5), 1% NP-40, 1% Na deoxycholate, and 0.1% SDS], unpublished data.
and immunoprecipitation of the insulin receptor 3 sub- 12. Immunoprecipitation of IRS-1 from the cytosolic 20 August 1998; accepted 29 January 1999
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