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Insulin activates hexose transport via at least two
mechanisms: a p21r as-dependent pathway, leading to an
increase in the amount of cell surface GLUTl; and a
metabolic, p21r as.independent pathway, leading to
translocation of the insulin-responsive transporter
GLUT4 to the cell surface. Following insulin stimula­
tion, SHPTP2, a non-transmembrane protein-tyrosine
phosphatase, associates with insulin receptor substrate
1 via its Src homology 2 (SH2) domains. Microinjection
of a glutathione S-transferase fusion protein encoding
the N- and C·terminal SH2 domains ofSHPTP2 (GST·NC­
SH2) or anti·SHPTP2 antibodies into NlH·3T3 fibre­
blasts overexpressing the insulin receptor blocks insu­
lin-induced DNA synthesis. Microinjection of either
GST-NC-SH2 or anti-SHPTP2 antibodies into 3T3·Ll adi­
pocytes inhibited the insulin-stimulated increase in ex­
pression of GLUT!. In contrast, translocation of GLUT4
to the cell surface was unaffected by either GST-NC-SH2
or anti-SHPTP2 antibodies. These data confirm a role
for SHPTP2 in insulin-stimulated mitogenesis and indi­
cate that whereas SHPTP2 is necessary for insulin-stim­
ulated expression of GLUTl, it is not required for acti­
vation of the metabolic pathway leading to GLUT4
translocation.

Activation of the insulin receptor results in receptor auto­
phosphorylation and subsequent phosphorylation of its sub­
strate, insulin receptor substrate 1 (IRS-l)1 (1). Tyrosine-phos­
phorylated IRS-l then serves to recruit Src homology 2 (SH2)
domain-containing proteins, which regulate downstream sig­
naling pathways. These signaling molecules include the p21 ra s
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activator complex Grb2/S0S, the p85 subunit of phosphatidyl­
inositol 3-kinase, and the protein tyrosine phosphatase
SHPTP2 (1). SHPTP2 associates with IRS-l (2, 3), as well as
with the EGF receptor (3-5) and PDGF receptor (3-5), follow­
ing stimulation by insulin, EGF, or PDGF, respectively. Upon
stimulation of cells with either EGF or PDGF, SHPTP2 be­
comes tyrosine-phosphorylated (2, 4, 5). In the case of PDGF
stimulation, the C-terminal phosphotyrosine residue on
SHPTP2 binds Grb2 and may couple the PDGF receptor to the
p21 ras pathway (6,7). Microinjection of either the SH2 domains
of SHPTP2 or antibodies to SHPTP2 blocks insulin-induced
mitogenesis (8). SHPTP2 is not, however, tyrosine-phosphoryl­
ated in response to insulin (3), suggesting that the Grb2/S0S
association of SHPTP2 is not operative in the insulin signaling
pathway.

Recent observations indicate that the phosphatase (PTP)
domain of SHPTP2 functions to send a positive signal inde­
pendent of Grb2/S0S. Overexpression of catalytically inactive
SHPTP2 inhibits insulin-induced activation of MAP kinase
(9-11), stimulation of c-fos reporter gene expression (11) and
GTP-loading onto p21ras(9), suggesting that SHPTP2 is an
upstream mediator of p21 ra s activation in insulin signaling.
The role of the PTP domain of SHPTP2 also extends beyond
signaling pathways related to mitogenesis. Injection of catalyt­
ically inactive SHPTP2 blocks fibroblast growth factor-induced
mesoderm induction in Xenopus embryos and prevents comple­
tion of gastrulation (12). Association of SHPTP2 through its
N-terminal SH2 domain with a phosphotyrosyl (pY) peptide
corresponding to its binding site on either the PDGF receptor
(13) or IRS-l (14, 15) leads to a substantial increase in phos­
phatase activity. This might well provide a signaling mecha­
nism utilized by SHPTP2 that does not rely on recruitment of
a Grb2/S0S complex.

Insulin signaling proceeds via at least two divergent path­
ways. To date, all of the studies examining the role of SHPTP2
in insulin-stimulated signaling have utilized cells in which
insulin induces mitogenesis but does not activate physiologi­
cally important metabolic pathways. However, the primary
function of insulin is to regulate metabolic processes, most
strikingly an increase in hexose uptake in adipose tissue and
skeletal muscle. In these tissues, insulin rapidly and reversibly
augments sugar uptake by promoting the translocation of the
"insulin-responsive glucose transporter", GLUT4, from an in­
tracellular compartment to the cell surface (16). In a number of
tissue culture cell lines, insulin also increases glucose trans­
port via an alternative pathway, which shows similarity to that
used for mitogenesis in most cell types. Stimulation of this
pathway results in a modest translocation of the basal trans­
porter, GLUTl, and a larger increase in its expression, medi­
ated primarily by transcriptional activation (17, 18).

The mouse cell line 3T3-Ll has been used as a model system
for the study of insulin-stimulated processes (19). They express
GLUTI as well as GLUT4 and respond to insulin by increasing
both GLUTI expression and GLUT4 translocation. We have
shown previously that p21ras is necessary for increased GLUTI
expression but is not required for translocation of GLUT4 to
the cell surface (20). Since SHPTP2 is required in both mito­
genic and non-mitogenic signaling pathways, we asked
whether SHPTP2 is required for the insulin-stimulated in­
crease in cell surface expression of glucose transporters.
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RESULTS AND DISCUSSION

We investigated the role ofSHPTP2 in th e pathways through
which insulin stimulates hexose uptak e in cultured adipose
cells. For these experiments , two reagents were generated for
microinjection into 3T3-LI adipocytes: a glutathione S-trans­
ferase (GST) fusion protein encodin g th e N- and C-te rminal
SH2 domains of SHPTP2 (GST-NC-SH2), and antibodies
against full -length SHPTP2. We first confirmed th at GST-NC­
SH2 could associate with IRS-I following ins ulin stimulation
as pr eviously reported (2, 3). Agarose beads bound to GST-NC­
SH2 were incubated with lysates prepared from 3T3-LI adipo­
cytes eithe r left untreated or exposed to insulin for 5 min. The
GST-NC-SH2 beads were cen trifuged and washed, and bound
protein s were subjected to SDS-polyac rylamide gel electro­
ph oresis and immunoblotte d for the presence of phosphoty­
rosine (Fig. 1). A single pY pr otein of 180 kDa corresponding to
IRS-I was specifically precipitated with GST-N C-SH2 but not
with GST alone. Th is result indicates that GST-N C-SH2 asso­
cia tes with IRS-I and confirms ea rlier results that binding of
the SH2 dom ains competes with endogenous SHPTP2 (2, 3).
Thus, we hypoth esized th at upon microinjection of GST-N C­
SH2 into fibr oblasts or adipocytes, GST-NC-SH2 would block
association of endoge nous SHPTP2 with IRS-I and pr event
propagation of downstream signaling. Moreover, pr eincubation
of GST-NC-SH2 domains with anti-SHPTP2 antibodies (986)
inhibite d (by approximate ly 50%) th e association of the PDGF
receptor with GST-N C-SH2 domains, while preincubation of
the GST-N C-SH 2 domains with preimmune SHPTP2 anti­
bodies was without effect on PDGF Receptor association.f Th is
result sugges te d th at ant i-SHPTP2 antibodies had a neutral­
izin g effect on the binding of SHPTP2 SH2 domains to the ir
cor res ponding phosphotyrosines. We then assesse d whether
eithe r anti-SHPTP2 antibodies or GST-NC-SH 2 had a biologi­
cal effect on insulin-induced mito genesis . GST-N C-SH2 and
anti-SHPT P2 antibodies were injected into qu iescent NIH-3T3
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FIG. 1. SH2 domains of SHPTP2 bind to IRS-I. GST fusion pro­
teins encoding the N- and C-terminal domain s of SHPTP2 (GST-NC­
SH2) were bound to glutathione-agarose beads. Eith er GST alone or
GST-NC-SH2 beads were incubated with lysates prepared from 3T3-Ll
adipocytes treated with ( + ) or without (- ) insulin for 5 min . Tyr osin e­
phosph orylated protei ns were det ected by immunoblottin g using 4G 10
monoclona l antibody. TCL , total cell lysate.

bodies. They were then incubated in the absence or presence of 500 nM
insulin for an additiona l 20 h before preparation of shee ts . All plasm a
memb ran e sheets were processed for immunofluorescence as described
(21) using affinity-puri fied antibodies to the C te rminus of GLUT4 or
ser um containing antibodies to th e C term inu s of GLUT 1. Antibodies to
GLUTI were a gift of Miles Ph arm aceuticals (West Haven , CT). In­
jected cells were ident ified by staining with antibodies to MBPras and
DTAF-conju gated secondary antibodies . Th e amount of glucose tr ans­
porter on the plasm a membrane was quan titated by digital image
processin g as described previously (20).

EXPERIMENTAL PROCEDURES

Materials-Crystalline porcine insulin was a gift of Lilly Labora to­
ries . Rhodamine-conjugated donkey anti -rabbit antibodies and fluores­
cein dichlorot riazine (DTAF)-conjuga ted donkey anti -rat anti bodies
were purchased from J ackson Immu nologicals (West Grove, PA). Bo­
vine se ru m albumin used in translocation assays was from Calbiochem .
5-Bromo-2-deoxyuridine (BrdU rd , RPN 201) and mouse -anti-BrdUrd
(RPN 202 ) were purchased from Amers ha m. MBPra s for microinjection
st udies was purified as described (20). Shee p-anti- MBPras antibodies
were purchased from Elmira Biologicals (Iowa City, Iowa). Anti-phos­
photyrosine antibody 4G10 was a gift of Dr. Tom Roberts (Dana Farber
Cancer Institu te, Boston, MA).

Cell Culture- 3T3-L l fibroblasts wer e grown and differentiated upon
confluence as described (21). Adipocytes wer e main tained in DMEM
containing 10% feta l bovine seru m and used a t 10-20 days post -differ­
entiation. NIH-3T3 fibrob lasts stably expressing the human ins ulin
rece ptor (3T3-HIR) were maintain ed in DMEM conta ining 10% calf
serum and 200 ug/ml Geneticin (G418).

Protein and Antibody Preparation -A glutathione S-tra ns ferase fu­
sion protein encoding am ino acids 1- 251 of SHPTP2 was generated by
polymerase chai n reaction from the full-length SHPTP2 cDNA usin g
the primers 3'-TCACTATAGGGCGAATTGGGTACC-5' and 3 '-GTT­
GTCCTAAGGTTTGAA-5' . The res ulting PCR product was digest ed
with EcoRI and ligated into pGEX-2T to yield GST-NC-S H2. GST-NC­
SH2 prote in was produced from Escherichia coli as described previously
(2). In prepara tion of GST-NC-S H2 protein for microinjection experi ­
men ts , the fusion protein was eluted from glutathione-Sepha rose with
8 Mur ea . The eluted protein was dialyzed aga inst phosph ate-buffered
sa line using an Amicon microconcen trator and concentrated to 0.5
mg/ml. Antibodies to SHPTP2 were generated against full-length GST
fusion protein and puri fied to a final concentratio n of 10 mg/ml by
Prot ein G affinity purification. To establis h whether GST-NC-SH2 do­
mains bind activated IRS-I , 3T3-Ll adipocytes were serum-starved for
24 h in DMEM + 0.1% FBS, and cells were either stimulated with 500
nM insulin for 5 min or left un treated . Cell Iysa tes wer e pr epar ed as
describ ed previously (2) and incuba ted with eithe r GST alone or GST­
NC-SH2 (4 JLg ) at 4 °C for 2 h. Glutathione-agarose bead s were collected
by centri fugation and washed four t imes in 1%-Nonidet P-40 plus 1 mM
sodium ort hova nada te. Bound proteins were separated on 8% SDS­
polyacrylam ide gel electrophoresis and trans ferred to nitrocellulose.
Phosph otyrosin e-containing proteins were det ected with an anti-phos­
photyrosine antibody (4GI0) and a donkey anti-mouse horser adi sh
peroxidase-conjugated seconda ry ant ibody using Enhan ced Chemilumi­
nescence (Amers ha m Cor p.),

Microinjection- 3T3-Ll adipocytes wer e microinjected using an Ep­
pendorf model 5242 injector and a Narishige hyd raulic man ual micro­
man ipul ator . Tips were pull ed from filam ent-containing borosi lica te
glass (World Precision Instruments) to diameters of 0.2-0.5 mm usin g
a Sachs-Flaming micropipette pull er (Sutter, model PC-84). Anti­
SHPTP2 antibodies were mixed with MBPras to yie ld final concentra­
tions of 5 mg/ml ant ibody and 1 mg/ml mark er protein in phosph ate­
buffered sali ne. In all experiments, prote ins were injected into the
cytoplas m of 50-100 cells.

For mitogenesis assay s, NIH-3T3 fibroblasts expressing the insulin
receptor were seru m-sta rved in DMEM + 0.1% FBS for 24 h. GST-NC­
SHPTP2 at a concentratio n of 0.5 mg/ml and neu tralizing ant ibodies to
SHPTP2 at a concentration of 10 mg/ml were microinjected using a
Na rishige injecto r model IM200 and a Leitz man ual micromanipulator.
After approxima tely 2 h, the cells were stimulated wit h 1 JLMinsulin or
10% FBS and BrdUrd was added to a final concentration of 10 JLM. Th e
cells wer e incuba ted for an additiona l 18 h , fixed in meth an ol for 10
min, wash ed thr ee times with PBS, permea bilized in 0.1% Nonidet
P-40, and incubated with a pr imary anti body to Brd Urd and a fluores­
cent- labeled secondary antibody. Cells injected with SH2 domains were
detected by coinjectio n of M, 70,000 fluorescein isoth iocyanate-dextran
at 5 mg/m l. Antibo dy-injected cells were iden tified by staining for the
pres ence of rabbit IgG using a tet ra methyl rhoda mine isoth iocyan ate­
coupled goat anti-rabbit antibody.

Plasma Membra ne Sheet Assay and Immunofluorescence-For
GLUT4 translocation sheet assays, cells were injected with eithe r GST­
NC-SH2 proteins or polyclonal anti bodies to SHPTP2 and were allowed
to recover from microinjection for 30 min . Th ey were the n incubated in
Leibovitz L-15 medium conta ining 0.2% bovine se rum albumin for 2 h
and tr eate d with 100 nMinsulin for 15 min. Plas ma mem brane "sheets"
were prepared ess entially as described (22). Cells to be assayed for
GLUTI expression were incubated for 4 h in DMEM containing 0.5%
calf se rum pr ior to injec tion with GST-NC-SH2 or anti-SHPTP2 an t i-
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FI(;. 2. GST·NC·SH2 a n d a n t i·SH PTP2 a n t ihod ies hl ock irrsu­
lin-stimulated D NA synthes is , :rr~ , H IH ce lls were se ru m-sta rved for
24 h pri or to micro inject ion with GST -NC-SH2 (A) or a n t ibod ies ag a ins t
S H Iy r l'2 W >. The ce lls were s t im ula ted with 1 I'-~ I ins uli n or 107r FHS ,
in cub at ed in t he pr esen ce ofUrd Urd for 18 h a nd fixed in methanol. The
fixed cell s were s ta ined with a primary a n t ibody to Brd rd a nd a
fluor escen t-la beled seconda ry a n ti body , and ce lls showing nu clea r Hr­
dUrd s ta in ing were scored posit ive for en t ry in to S- pha se. Resul ts
represent t he mean ~ S .!':. of - 200 inject ed ce lls obta ined from th ree
sepa ra te expe ri me nts ( 0, I' < 0.0.')>.

ce lls ovcrex pressing the in sulin receptor (3T3-H IR). As s ho wn
in Fig. 2. - 45'7r of th e in sulin-stimulated a nd - 80% of the
se r u m-s t im ula te d cell s were in Svpha se, as com pa re d to - IS'/(
of t he un stimulated cells. Microinject ion of anti -SHPTP2 a n ti­
bod ies (986) into 3T3- H IR ce lls blocked th eir ent ry into S-phase
in response to in sulin (p < 0.05 ), bu t had no effect on se ru m­
in duced DNA synthesis <Fig. 21\ ). Similarly , 3T3 -H IR cell s th at
were mi croinjected with GS T-NC-S H2 a lso fail ed to ente r S­
ph ase in response to in sulin tp < 0 .05 ), wh ereas th e se ru m­
s t im ula ted increase was un affected (Fig. 211 ). Neither GST
a lone nor pr eim m u ne S HPTP2 a nt ibodies had an effect on
ins uli n-s ti mu la ted mitogen esi s . These results in dicate that
both GST- NC-S H2 and th e anti-S H PT P2 antibodies s pecifi­
ca lly block insul in-ind uced mit ogen esi s a nd that th ese reagents
a re not to xic to cell growth . Th e data confirm th e efficacy of
these rea gen ts a nd su pport pr evi ou sly published s tudies sho w­
in g tha t S HPTP2 is necessary for in sulin-stimulated DNA sy n­
thesi s bu t is not requ ir ed for mitogenic induction by se r u m (S).

Exposu re of 31'3 -1.I adipocyt es to in suli n for se vera l hours
in cr ea ses to ta l GLUT I mR NA a nd pr ot ein as well a s the frac­
ti on of the hexose ca r rie r- on the ce ll su rface (17, 23 . 24 l. We
th erefor e chose to exa m ine th e effect of S H PT P2 on th e level of
ce ll su r face G LUT I in the a bse nce a nd pr esence of ch ronic
ins uli n ex posu re. As shown in Fig. 31\, treatment of 31'3- 1.I
a dipocytes wi th ins ulin for 20 h increases the a mount of ce ll
su rface G LUT I by 5-fold. Microinject ion of GST-NC- S H2 inhib­
ite d ex press ion of G LUT I in th e pr esen ce of in sulin <Fig. 31\ )

FIl;. :1. S II PT P 2 is r equired for ex p ressio n o f ( :1. '1'1 in :1'1':1-1.1
a d ipocyte s . :r r :I-L I a di pocyt ..s wi -re- s.. ru m-st a rv..d for ·1 h pri or to
mi cr oin jecti on wit h (; ST -NC-SII 2 or an t ibodi. ,s to S II I' I"I'2. Th .. adipo­
cytes were th en s ti m u lated with .')00 n~l insu lin and incubated for an
add itio na l 20 h be fore pr ep a rat ion of plas ma nu-m brun« shl''''s . Th e
shee ts were s ta ined wi t h an a n tibody to ~ llll' ra s and a fluorescein ­
coupled a n ti -s heep an tibody to dr-tr -ct inj ..ct..d ce- lls . and with se ru m
contai ni ng a n t ibody to ( ;U TI and rhoda mine-cou pl..d anti -rabbit an­
tibody for quantita tion of ( ; LUT I. / '0 111'/ A shows a r r-prr-sr -ntat iv« field
of ce lls injected with GST-NC-S II 2 and sta ined for ( ; U 'T I . with arrou­
heads den ot in g inje ct ed ce lls . Q ua n t ita t ion of (; Ll; TI in un in jr-ct..d n' lIs
a nd GST -NC-SII 2 or nn t ibody-injr-cn-d cell s from thn ',' " 'parat .. r-xpe-r­
ime nts is sho wn in 1'01"' / B.

whereas GS T or MBPra s a lone had no effec t I data not s hown I.

Th e relative bri ghtness of inj ect ed rersus u n injected ce lls was
qua n t ified by im a ge pr ocess in g; the a bu nda nce of G LUTI on
plasma membrane sheets is su m ma ri zed in Fig. :lH. (: I.UT I
expression was a lso in hibited by micr oinject ion of an tibody to
S H PT P2 (Fig. 311 ), whi le pr eim m u ne se ru m had no (·m·ct on
GL UTI dis t ribut ion (da ta not s ho wn I.

We then addressed wh eth er s II lyr p2 is in volved in t he acute
regu la t ion of glucose u ptake by in sul in . As visualized by the
pla sm a mem bra ne shee t assay . s t imu la tion of :rr:l-LJ a dipo­
cytes wit h in su lin for 15 min s ignifica nt ly incr ea ses t he amount
of GL UT4 on th e pla s ma membrane I Fig . ,IA 11 22, 2:> 1; qu a nt i­
ra t ion of fluor escen t s ta ining by image pro cess in g in dicated
tha t cell s u r face G L 1'4 increa sed 15-fold in resp onse to insu ­
lin (Fig. 411 ). Micr oinject ion of eit he r C:ST-N( '- S112 I Fig. ,IA l or
a nt i-S H PT P2 a nti bodies was without efT..CI on t lu- distribut ion
of GL UT4 in t hese ce lls in t he presen ce or a hs ..nc.. of ei ther 100
nxt in sul in (Fig. 4!J )or su b-sa tu ra t ing 110 n~I ' ins uli n t da ta not
sho wn >. GST, ;,\1 Bl'ra s , and pr eimmu ne se ru m also had no
effect on loca liza t ion ofG I.UT4 (da ta not s hown i .

One of the fund ame nta l probl em s in und..rstan di ng the
mech a nis m of in s u lin act ion is explai ni ng its s pecificity in th ..
regu lat ion of met abolism , in s pite of s ignifica n t commonality
with othe r peptide growth factors in terms of the signal ing
pa th ways modu lated . For exa m ple, ECF is a ve rv poor act iva -
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1''1'1' doma in is crit ica l for s igna ling in some ins u lin s t imu la ted
pathw ays (9 - 1 11. Although in [Iit 'o s u bs t ra tes of S H IY['1'2 ha ve
ye t to be ident ified , cu r re nt data s t ro ngly s ugges t that S HIY['P2
ca n fu nct ion a s a n u pst ream mediator of p2 1"".Th is not ion is
s u ppo rte d by t he obse rva tio n that, when overexpre ssed , ca ta­
ly ti call y in act ive S H IYI'P2 fu nct ions a s a dom inan t-inh ibitory
mu tan t a nd a broga te s in s u lin -in duced p21"'" GT P-loading 19 i.
Moreove r, s igna ling events d istal to p2 1"' ., such a s insu lin ­
ind uced 1\IAP kin a se activation and G L ''I' I expression rfl, 10 ).
fib robl as t gro wth fac tor-in duced mesoderm inducti on in Xeno­
p us e mbryo s ( 12), c-fo« transcription t h roug h S HE 12fi I . a nd
EGF-ind uced MAP kinase t ransa ctivation of Elk - ( I a re a lso
in hi bited by ovc rcx pression of ca ta lyt ica lly in acti ve S I I IYI' P2.
\Ve ha ve shown previou s ly tha t p2 1rnH med iates in sul in -stim­
ul a ted GL UT I expression but not GL UT" t rans loca ti on in
3'1'3-1.1 a di pocytes (20). Since S H IYI'P2 is a lso necessary for
G L '1'1 expression but is not required for G LUT" tra nsl oca ­
t ion , ou r data su pport pu blished rep orts sugges t ing th at
S II IY['P2 is requ ired for processes mediated by p21"'·' . We con­
clude that S H JYI'P2 plays a ro le in in s ulin -in du ced tran scrip­
t ion of im me d ia te ea r ly genes such a s G LUTI , but is not re­
qu ired for t he meta bol ic in crea se in hex ose transp ort med iated
by G LUT" t ra nsl ocation .

I{EFERE:\CES

n - GLU T4u - MBP ras

· INS

. INS

A

B
~

140 I

:; ~J UNINJECTED

'" 12 0 • GS T·NC·S H2.s
8:l ANTI·SHP TP2

"0

t
100

of
80f-

~
..J
e
w 60
0
<t
u.

'"1
a::
~
11l

20 I
..J . l ~..J
W o --l-~0

- INS ULIN + IN SULIN

tor of hexose up ta ke in :IT:l- L I a dipocy tes , in s pite of equ iva­
len t pot en cy to insul in in s t imu la t ing MA P kin a se (26 ). S ince
S H IYl'P2 is aff ected quite di fferently by ins u lin as com pa re d to
PD G I<' or EG F, in that t he form er does not promot e ph ospho­
ryl ation of t he ph osphata se . S H IYI'1'2 seeme d a n a tt ract ive
target for t ransducing hormon e-sp ecific s igna ls (2-fi). Previous
s t ud ies eva lua t ing th e role of S H IYI'P2 in insu lin ac t ion ha ve
utilized non-d iffere nt iated ce lls in whi ch t he most prominen t
e ffe cts of the hormone re late to the initi a tio n of ce ll g rowt h
(8 - 11J. The expe r ime nts rep or ted a bove excl ude S H IYI'1'2 as a n
obl iga te intermed iate in t he s igna ling pathw ays by wh ich in ­
su lin s t imu la te s th e t ra ns location of G LUT4 , the mos t impor­
ta nt means of rapidly ac t ivat ing hexose upta ke into mu scle a nd
a di pose t issu e. Th e requ ir em ent for S II IYI'P2 for th e in cr ease in
express ion of GLUT I is cons is tent both wi th t he crit ica l role of
p2 1m H a nd Ra f-I in this res ponse , as well as t he ide a that t he
incr ea se in tra ns port med ia ted by GL UT I re presents pr im arily
a com ponen t of t he mitogenic res ponse (20 , 27 J.

Nonetheless , s t ud ies in wh ich ca ta lyti ca lly ina ct ive S II IY['P2
ha s been ove rexprcsscd in fibrobl a s ts s u ppor t t he ide a tha t the

FIl;. 4. S II PT P 2 has no cffcct on translocat ion of G L UT" in
:1'1':1-1. 1 ad ipocy tcs . :1'1":1-1.1 adipocytcs were micrninjected with GST·
NC-SII:! or antihodies to SII IYI"!,:!. The adipocyu-s were serum-sta rved
for :! h. st imula led with 100 n ~1 insuli n. an d incuhate d for an additiona l
I" min hd i,re preparati on of plasma memhrane sheets . The sheets were
stni ncd with an unt ihody to ~11l!'ras an d a DTAF-coupled anti-sheep
nntibody to detect injected cells. and with affinit y-purified antibody to
GLUT,I and rhodnmine-coupled anti -ra hhit nntibody for quantitation of
GLUT·!. /'(/1/1'/ A shows a representative field of cells injected with
GST-NC-SII2 and stained for (; LUT4, with arrnu -hrads denoting in­
jeered ccll«. q uantita t ion of (~LUT4 in uninjected cells and GST-NC­
S1I2- or ant ihody-injected cells from three separate experiments is
shown in I )(I/If ' / II .
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