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SUMMARY

Gilucase s transported across plasma membrane by
plucose transporiers (Glutl-4) that are expressed in a
tissue specific manner.  Glucose  transport s
compolled by differems mechanisms  including
aetvation, framiloeation and expression of glucose
tramspaorters. fesuline stimulates glucose ranspord 3-
$ feld on skederad miiscle and adipose Hssue by
increased translocation of Gludd from i iniracellulor
reservolrs to plasee membrane wang intracellufor
anpnal transduction. pathweas ancluding activation of
phasphatidylinossiol (PI} 3-kinase It was shown that
thiv enzyaee has an important role in distribution of
wlucose  transporters  between  cell surface and
tntraceffnlar reservoirs. We aimed 1o rest the effect of
wortannin, o Mghly specific whibitar of PUO3-
kinase, on translocation and redistribution af Ghatl
gluce, e transporters an Clone 9 célls that expressed
anly Clut! saform: Te verify the contemt of cell
mew:brane glucose transparter, we fransfected Clone
Yeerlsby Glutl gene carrving mye sequence in it and
used this fransfected cell line thar expressed mye
spitape. i extracellular  first loop  of Glurl

Tncubanon of ransfecred cells with 4 uM wortmannig
Jar | hour decreased glucose uprake significantly {p<
31 To assess whether this decrease was due 1o
redistribution of Glurl glicose lransparters beiween
cell surface and intracellular stcres, we employed
western blot analyvsis of plasma membrane using anti-
Cilutl antibodies and immunoflowrocence staining of
cells and plasma membrane sheets by anti-Glutl and
anti-mye antibodies. There was a significant decrease
in densitometric analysis of the blots in western bla
of plasma membrane and in the light imlensity in
immunoflourascence staining of  cells and plasma
membrane in wortmannin-treated cells in comparisan
with untreated cells. We concluded that wortmannin
caused the accumufation of glucose fransporters in
intracellular sites and o decrease of glucose uptake
in bayal conditions
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OZET
Gilukez, hicre igerising dokulara giree spesifik olarak
chsprese olan glukez tagniclars (Glutf-4) tarafisdan
tagimir.  Glukor  transporty,  glukoz  taygucilarimn
aktivasvony, transiokasyonu ve sentezini igeren farkll
mekanizmalaria komtrol eidlir. Invulin'ing, yag ve kas
dokusandaki glukoz trarsportuny, hicre fQerisindeki
Crfued  glukaz  ragovcdlarimn plazma membranimna
transiokasyonunu sadlavarak, 5-15 kat oranmnda
artirdifs saptanmeghir Bu olayda, fosfatiditinozitol
(P} 3-kinaz'tn aktivasyonuny do iqeren gegitli sinpal
iem yollarvun ral aldie digunidimektedie. P 3-
kirers'in, glukos tasoicdaremn hueee g ve plazma

membrany  grasindaki  dogdimunda ethili oldugu
bildirilmigtir. Bu ¢alyymada, dzgun bir PU 3-kinaz
inhibitors  olan  wortmanimin,  yalmeca  Gla!

izofarmunu sentezleven Clone 9 (C9) Iucrelerindeki
glukoz transportn ve Gl 'tn huere 1o datifim)
uzerindekl etkisinin incelenmest amaglandr Hacre
membramndaki Glutl miktorine de@isik yantemierle
olcebilmek win C9 hucreleri, iperisinde myc sekansint
da tagyan Glur! gem e transfekte edildi. Glui!in
ekstraseluler bolgesinde mye epitopunu  eksprese
eden, wvgun tranifekte hucre klonu  secildl ve
calismalarda bu klon kulfanddl Bir saatlik | uM
waortmanmn inkibasyonunun, bu hucrelerde glukoz
rransporiuny anlemli olarak (p<.05) azaltiugr belir-
lendi, Glukoz transporiundaki bu azalmanm, gluke:
tasiyiestmn hmcre igerising translokasyonung hagl
ofup alaiadign test etmek wpin, anti-Glut! antikorlar
e plazma membraninda Western blor analizi, anti-
Gilutl ve: anti-myc antikorlar ile inakt hiicreler ve
hiicre miembram plakiarmda immurofloresans boya-
ma Vantemi gibi vintemler kullanddr Wortmanin ile
inkube edilen icrelerin hilere membramnda yvapian
Western blat analizinin dansitometrik dlgtiminde ve
{mmunafloresans bovama yémtemi sonucu yaptlan
dlgtimlerde, Glut] mikiarinda kontrole gare anlamit
aalma belirlendl. Gagli bir P 3-kinaz inhibitdru
olan wortmaninin, CGlurl'in hicre membrannduan
hucre irerising transfokasyonuna neden  oldugu
belirlendi

Anahtar sdrciikier;Glukaz transporie, glutl wortmannin
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Because glucose is a universal energy producing
stibstrate, the regulation of its transport into ceils is
of tundamental imponance in celivlar homeostasis.
Recent  Diochemical and  moiezular-biological
cvidence indicates that facilitated glucose transpor
s medigted by at least five homologous transporter
iscforms (Gluts) that are differenpally expressed in
lissues  (1-3)  These

VArious ransporters  are

believed to possess a similar two and three
dimensional membrane topography  that includes
12 trans membrane helices. A widely distributed
Glut isotorm, Glutl, 15 expressed at high levels in
rat bran, human erythrocytes, and placents, and is
present anl lower levels in virtually all tissues. A
faurth form of transporter, Glutd, 1s specifically
expressed at high levels in tissues inowhich the rate
al glucose transport is markedly augmented by
suling such ussues include cardiac and skeletal
musele and adipose tissue (1,40 A large body of
evidence has now accumulated demonsirating thar
exposure: 1o insulin results in a transiocation of
transporters from as yet not fully defined
intracellular sites 1o the plasma membrane. In
addition, recent evidence indicates that under hasal
conditions. Glutd in adipocytes circulates rapidly
(with a half time of 2 min) between the plasma
membrane and a much larger pool of intracellular
sites (the latter accounting for 94% of the 1o1al
sites), and that insulin increases the rate of
insertion and decreases the rate of removal of
Glud from the plasma membrane (1.4,5). Recent
biochemical data have improved our understanding
of the signal transduction pathways leading to

msulin-stimulated glucose transpont and glucose

transporter transiocation. During the [ast two vears,
phosphatdyvhinositel  Kinase  (Pl3-kinase)  has
emerged as a <ritical step for such events in
athpocytes. A highly specific inhibitor of PI3-
xinase, wortmannin, anhibits the hpid and serine
simase actvity of Pl3-Kmase in the manomoly
concentration  range.  Inhibiion ol PI3-kinase
prevents the glucose transporter translocation to
the cell surfuce by insulin and results in the
accumulation  of  glucose  transporters  in the
intracellular reservoirs leading to no incredse of
glucose transport by insulin in adipbeyies and
myoblasts (6-8). In this study, we used wormmannin
to assess the role of Pli-kinase in Glutl glucose
carrier distribution and glucose transport activity in
Clone 9 cells and transfected cells, In order 1o
examing the mechunisms of Glutl translocation,
we employed a novel and sensitive method 10
measure directly the quantinies of cmyc epitope-
agged Glutl (Glutlmye) on the cell surfhee of
transfected cells. Using this novel cell system, we
demonstrated that Pl 3-kinase plays a role in the
signal transduction of Glutl translocation. The
high sensitivity of our method made feasible the
detection of Glutl on the cell surface following
wonmannin incubation. QOur results indicate that
inhibition of P13-kinase by wortmannin causes a
decrease in glucose transport due to the redist-
ribution of Glut] transporters in Clone 9 cells,
MATERIALS AND METHODS

Muaterials:

Clone @ cells were obtained from the American
Type Culture Coliection (Rockville, MD). Calf

serum and Dulbecco’s modified Eagle's medium
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(DMEM) were purchased from GIBCO (Grand
Island, NY). Nitrocellulose paper (BA-83) was
obtained from Schleicher and Schuell {Keene,
NH. Plastic culture dishes (35 and 100 mm) and
glass coverslips (#22x22-2) were purchased from
Coming Glass Works (Medfield, MA) and Fisher
Scientific (Pintsburgh, TA), respectively. Standard
chemical compounds, phloreting cytochalasin B,
geneticin,  bovine  serum  albumin,  dimethy!
sulfoside, phenylmethlysulfonilfluonde (PMSF),
p-phenylenediaimine (PPDA), sodium azide and
wortmannin were purchased from Sigma Chemical
(St. Louis, MO), Phosphate-buffered saline lacking
both  caleium  and  magnesium  was  employed
(PHES)

(3-OMG; 2.4 Ci/mmol) and Ernhanced Chemi-

throughouw 3-O-methyl-0-[ 1-3H glucose

Luminescence (ECL) kit were purchased from
pGXx2

conlaining nucleotides encoding 14 amine-acids of

Amersham  (Chicago, 1L), plasmid
human myc (epitope-tag) inserted between lle36
and Pro57 in the first putative extracellular loop of
Glut] was generously provided by Dr. Ebina (9).
pCDMA3Z was obtained from Invitrogen (Carlsbad
CA) and the protein assay reagent, from Bio-Rad
(Hercules, CA). Rabbit polyclonal antiserum

against the COOH-terminal 13-amino  acid
sequence of GLUTI was purchased from Charles
Rivers Pharmaservices (Southbridge, MA).
Fluorescence-conjugated goat anti-rabbit IgG
fraction was obtained from Cappel Research
Products (Durham, NC). Vitrogen 100 (collagen,
3 mg/ml)

Biomaterials (Fremont, CA) Sulfo NWHS-LC-LC-

was purchased from Collagen

biotin and streptavidin-agarose were purchased

from the Plerce Chemical Co. (Rockford, TL).
Anti-myc antibody (mAb PEI0) was purchased
from Oncogene Science (Cambridge, MA).
Gel/Mount (mounting medium) was purchased
from Biomeda (Foster City, CA).

Cell culture and transfection:

Clone 9 cells were maintained on plastic culture
dishes in DMEM containing 5.6 mM [-glucose,
supplemented with 10% calf serum at 37" C in 9%
COs-humidified atmosphere (pH 7.4). For each
experiment, cells were passaged at 118 dilution and
seeded on 35- or [00-mm culture dishes in 2 or §
mi of medium, respectively. All studies were
carried out on replicate control and experimental
culture plates in parallel.  The medium  was
changed 10 DMEM devoid of serum 24 h before
initiation of all expeniments. Wortmannin (1 uM in
DMEM) or diluent alone (DMEM) were added
directly to the culture medium. Celis were co-
transfected  employing  calcium  phosphate-
precipitation technique (10} with pGX2 plasmid
{11}, which contains the mye epitope in the first
extracellular loop of Glutl, and pCDNA3
expressing the ncomycin-resistance gene. Stable
clones were selected employing G418 at 0.6
mg/ml. A clone containing ~3-fold higher amounts
of Glutl was chosen for further smudy. The
transfected clone was maintained in a medium
contzining 0.125 mg/ml G418,

Measurement of 3H-3-OMG uptake:

Confluent cells on 35-mm culture plates in
triplicate were used for the uptake measurements,
The uptake was terminated after | minute of

incubation. The accumulation of 3H-3-OMG at |
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min i either control or wortmannin incubated cells
did not exceed 30% of its corresponding steady-
state value. Cytochalasin B-inhibitable 3-OMG
uptake was caleulated as the difference between
the uptake in each three plates in the absence of
cytochalasin B and the mean uptake in the three
plates in the presence of wonmannin, assaved in
paralle|

Cell surfuce biotinylation and  isolation of
plosma membranes:

Hi-mm plates of confluent cells (3 plates per
experimental conditions) were rinsed three times
with 5 ml ice-cold PBS followed by incubation on
a shaking platform for 30 min with 2 m! of lce-cold
biotmylation buffer (120 mM NaCl, 30 mMm
NaHCO3, and 3 mM KCL pH 8.5) containing 0.1
mg/ml freshly added sulfo-NHS-LC-LC biotin,
Subsequent steps were as described with no
maedifications (12)

Western blot analysis:

SDS-PAGE was performed according 10 the
Laemmli  with the

method  of fallowing

modification: ¢ell fractions containing egual
amounts of protein (20 and 50 ug) were solubilized
in Laegmmli buffer containing 3% mercaptoethanol
and incubated in 60" ¢ water bath for 30 min.
Solubilized protein samples were separated by
polvacrylamide gel electrophoresis and
electroblotted on the nitrocellulose paper-according
to the standard methods. Cell lysates were prepared
employing a Monidet P30 containing buffer
(13.14). Afier centrifugation to remove the nuclei,
samples of supernatant were taken for analysis of

protein and the remainder was mixed with 2x

Laemmli buffer conmining 10 mM dithiothreitol,
frozen at -80” € and assayed within 1 week.
Samples containing equal amounts of protein (20
ug) were denatured by heating for 30 min at 60" C,
fractionated by electrophoresis in 10% sodium
dodecyl sulfare  polyacrylamide gels, and
electroblotted according 1o standard methods. Blots
were incubated with primary anti-Glut] and anti-
myc antibodies and with secondary rabbit serum
containing polyclonal antibodies directed against
the COOH-terminal 13-amino acid peptide of
Glut] (12) ar 1:300 dilution or with a monoclonal
antibody directed against 14 amino-acids of the c-
myc epitope (9) ot a concentration of 2.0 ug/ml,
Secondary antibodies were employed at 12000
dilution and the blots were developed by the ECL
kit.

Immunofluorescence staining and quantitation

of Nuorescence intensity

Incubation with anti-Glut] antibodies:

Cells grown 1o -73% conflugnce on  mlass
coverslips were treated with diluent or azide for |
h. Coverslips were rinsed briefly in ice-cold PBS
and then fixed with methanol ar -20" C for 5
minwtes.  After washing with PBS. cells were
permeabilized with 0.5% Tween20 in PBS for 20
minat 25° C. Cells were then washed 3 times
with PBS and reacted with rabbit anti-Glutl
antiserum at a 1:100 dilution in 0.2% goat serum in
PBS for 1 h at 25" C. Coverslips were washed
three times with PBS and incubated with
fluorescein-conjugated goat anti-rabbit antibody at
a 1:100 dilution in PBS for 1 h. Coverslips were

then washed with 0.5% Tween20 in PBS three
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times for § min each and mounted on glass stides
with Gel/Mount fortified with 0.1% PPDA, Plasma
membrane  sheets were prepared by minor
madification of previously described procedures
(5). Cells were grown 1o 75% canfluence on glass
coverslips coated with collagen (0.2 mg/ml m 1.0
uM NaOH) and treated with wortmannin or diluent
for | h. Coverslips were washed with PBS and
then incubated for 10 sec in 1:4 dilution of buffer
A(TD mM KCIL 30 mM Hepes, 5 mM MgCl2, 3
mM EGTA; pH 7.5), wvansferred 10 undiluted
buffer A, and immediately sonicated twice
employing an Heat-Systems Ultrasonics instrument
(Farmingdale, NY) for 0.3 sec each at a setting of
2%, Plasma membrane sheets were fixed with
3% paralormaldehyde (in PBS) for 15 min at 25!
C. After washing twice with PBS, coverslips were
treated with anti-Glut]  antibody as  described
dhove,

Incubation with anti-mye antibodies:

Cells were grown and treated in diluent er
waortmanin as described above. Coverslips were
rinsed in ice-cold PBS and fixed with 3%
paraformaldehyde in PBS for 15 min a 25" C.
Coverslips were then washed with PBS three nmes
and incubated with monoclonal anti-nve antibody
at a |10 dilution in PBS (10 ug/mi) for | hat 25°
C, After three washes with PBS, czlls were
incubated with fluorescein-conjugated goat anti-
mouse antibody at 1:100 dilution in PBS for 1 hat
27 €, Coverslips were washed with 0.3%
Tween20 in PBS three times for § min each and
mounted on glass slides. Plasma membrane sheets

were prepared and reacted with anti-myc antibody

(10 ug/ml) as described above.
Photography and quantitation of fluorescence
intensity:
In cach expeniment comparing twao cell types or
analyzing the effect of an  agent such as
wortmannin, the settings of the camera aperture
and the time of exposure were kept constant. For
guantitation of fluorescence intensity. eight areas
from each covershp were selected at random and
the intensity (grev scale) was measured using
Metamorphosis software (Worchester, PA) and
Gateway 2000 computer (Fryer Co., Huntlev, L),
The intensity values obtained from each coverslip
were then averaged.
Immunoprecipitation:
Cells were metabolically labelled for 10 hin 0,10
mCiml MS-labeled sistein (ICN). Following the
labelling, cells were lysed with lysis butfer. Cell
lysates were immunoprecipitated with  anti-mye
antibodies, The samples were extensively washed,
and resolved by 10 % SDS/PAGE electropharesis
followed by autoradiography.
Statistical analysis: All values are expressed as
means + SE, SD. In experiments invelving two
groups, Student's unpaired two-tailed t test was
used to calculae p values and p < 0.05 was taken
as significant. This sudy was conducied in the
research laboratories of  the Department of
Medicine; CWRLU, Cleveland, LSA;

RESULTS
Firstly, we tested whether transfected cells
expressed Glutimye protein by immunoprecipi-
tation using mongclonal anti-myc antibedies. Fig |

shows that wransfected cells express Glutlmyc
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protein. Next, we determined the effect of
wortmanmin on glucose transport. After incubation
of transfected cells with 1| uM wortmannin for 1
hour, glucose transport decreased significantly (p <
0.05) (Fig 2). To assess whether this decrease was
due o redistribution of Glutl glucose transporiers
between cell surface and intracellular stores, we
used the methods of western blot analysis of

plasma membrane using nml-blull antibodies nnd

immunoflourescence staining of cells and plasma
membrane sheets by anti-Glutl and anti-myc
antibodies. In densitometric. measurement of the
blots (Fig 1) following western blot analysis of
plasma membrane and in the measurement of light
intensity of immunoflourescence staining of cells
and plasma membrane (Fig 3 and Tables | and 2).
there was a significant decrease in wortmannin-

treated cells in comparison with untreated cells.

Figure 1. lmmunﬂpm::pluuun nm! Western blot analysis showing plasma mmhrﬂm: Giull content of diluent

and | M wortmannin incubated zells for | hr.

500

00T

600 1 Contro!

500 +
400 +

300 1

 Glucose uptake
Aepmimin/mg protein)

200+

Wormannin

Figure 2. Glucose uptake after incubation with diluent (control) or | M wortmannin for | hr in transfected cells.
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Figure 3. lmmunoflourescence staining with anti-Glut] (3a) and anti-mye (3b) antibodies in transfected cells

incubated with diluent {control) and | uM wortmannin

[he intensity of the light following the immunofluoroscencs staining in control and wortmianin

Table 1.
incubated imact cells,
- The mean intensities of light measured in intact cells (grey seale)
Anti-Glut] antibodies Anti-myc antibodies
Control 0-1.09 AT+37
Wortmannin 53 +24 il
p value p<(}.05 p<0.03

Table 2. The intensity of the light following the immurnofluorescence staining in control and membrane sheets of

cells incubated with wornmannin
The mean intensities of light measured in membrane sheets (grey scale)

Anti-Glut] antibodies Antf-mye antibodies

Control 55+ 23 48+ 5.6
Waortmannin 42435 44 +27
p value p<i.001 p<0.03
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DISCUSSION
One of the major physiological effects of insulin 1s
the stimulation of glucase uptake in the target cells.
Insulin-stimulated glucose uptake in the cells is
caused mainly by translocation of Glutd (insulin
sensitive glucose transporter) from an intracellular
pool 10 the plasma membrane (4.8,15), Insulin
initiawes s biological effects by activating at least
two major signalling  pathways, one  involving
phosphatidylinpsitol 3-kinase (PI3-kinase) (15) and
the ather involving a ras/mitogen-activated protein
kinase (MAP kinase) cascade (16). It was shown
that inhibition of Pl3-kinase in myoblasts and
adipocytes prevented the sumulation of glucose
transport and glucose transporter translocation to
the cell membrane by insulin (16-18). In this study,
we have analysed the effect of the highly specific
uthibitor of PI3-kinase, wortmannin, on glucose
transport and Glutl glucose transporter distribution
in Clone 9 cells: Glutl glucose transporters present
maostly in the membrare of different tissues and
cell lhines including Clone 9 cells, and they are
responsible for basal glucose transport (1.2). In
urder 1o examine the mechanisms of Glutl
translocation, we employed a novel and sensitive
method to measure directly the gquantities of c-myc
epitope-tagged Glul (Glutlmye) on the cell
surface of transfected cells. We inserted synthetic
oligonuclectids of the c-myc epitope (14 amino
acids) into the first external loop of Glutl cDNA.
Glucose uptake by cells exceeded that of control
cells; Our and anether study showed that c-myve

epilope insertion in the first external loop did not

destroy the functions of translocation of glucose
trapsporters and glucose uptake (9). The same
technique was used to evaluate the effect of insulin
on glucose transport and glucose transporiers
translocation before and it was reported that myc
epitope tagged Glutd  behaves similarly 1o the
endogenous Glutd in response o insulin {17)
Taking advantage of this system, we determined
the membrane Glutl content using anti-myc
antibodies, We first examined the effect of 1 uM
wortmannin for 1 hr on glucose transport in
transfected cells. Glucose uptake was significantly
tower in wortmannin incubated cells in comparison
with the diluent incubated eells. To determine
whether the mechanism of this ecarly decrease of
transport is attributable to a translocation of
glucose transporiers o the inside of the cell, we
determined cell membrane Glut] content Foc this
aim, western blotting was used to guantitate the
abundance of glucose transporters in partially
purified plasma membrane fractions isolated from
the diluent and wortmannin treated cells. Rabbit
polyclonal antibodies directed against the carboxy-
terminal dadecapeptide of Glutl were used in these
studies. The relative abundance of Glut] in plasma
of cells incubared with

membrane  extracts

wormannin  was  significantly  decreased  in
comparison with diluent treated cells: In addition,
immunoflourescence staining of intact cells and
membrane sheets using anti-Glut]l and anti-myc
antibodies supported these findings (Fig. 3a and
3b). Preparation of membrane sheets has been used

in many studies to detect the changes in membrane
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proteins in literature taking advaniage of the
measuring of light intensity (5,19). We medified
this preparation using collagen to fix the cells on
the surface of the plate. [n these experiments, a
sigmificant  decrease m o cell membrane  Glutl
content was also determined. These findings show
that the decrease of glucose uptake by wortmannin
was mainly caused by translocation of Glutl
melecules o the intracellular poals. Another studsy
also showed that  wortmannin blocked  the
elevation of glucose wansport i wild-type virus-
infected mouse fibroblasts with no - significanm

change in levels of either Glutl mRNA or protein.

It was asserted that the posttranslational
mechanisms in the elevation of glucose transport in
some conditions were the activation of Pl 3-Kinase
and the translocation of Glutl to the cell membrane
(7). Our findings were compatible with these
assertions and with the findings of other swudy
which declared decreased plasma membrane Glutl
glucese transporters by wortmunnin in myoblasts
(6}

caused  the

We concluded that wonmannin

accumulation  of  glucose  transporters  in
intracellular sites and a decrease the glucose

uptake in basal conditions.
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