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Effects of guanine nucleotides on glucose transport were studied in
permeabilized rat epididymal fat cells. GTPyS and Gpp(NH)p, but not App(NH)p,
stimulated 3-0-methylglucose transport. Effect of GTPyS was dose-dependent,
being detectable at 0.1 mM, and 1.0 mM GTPYS stimulated glucose transport to
the same extent as insulin. GTPyS (0.3 mM) enhanced insulin-stimulated
glucose transport while 1 mM GTPYyS did not affect insulin-mediated transport.
GDP@S had no effect on glucose transport by itself but rather enhanced insulin
action. NaF, which is known to activate trimeric G proteins, increased glucose
transport to the same extent as insulin. Likewise, mastoparan augmented
glucose transport. These results indicate that a certain type of trimeric G
protein(s) is involved in the regulation of glucose transport. ¢ 1992 acagenic press, Inc.

Insulin elicits diverse metabolic effects in variety of target cells. One of the
most important actions of insulin is stimulation of glucose transport in target cells
such as muscle and adipose tissue cells. In those cells, insulin induces a
marked increase in the rate of glucose transport. Evidence obtained so far
indicates that insulin induces translocation of the insulin-sensitive glucose
transporter, GLUT 4, and increases the number of GLUT 4 in plasma membrane
(1,2). Insulin also enhances the activity of individual glucose transporter.
Morphological studies have confirmed that insulin induces translocation of GLUT
4 in adipocytes (3,4). Thus, upon stimulation by insulin, GLUT 4 is recruited from
endosome to plasma membrane. Although kinetics of GLUT 4 in insulin-
stimulated cells has been well characterized (1-6), the mechanism by which
insulin induces translocation of GLUT 4 is poorly understood. In this regard,

Valdini et al. (7) have recently demonstrated that GTPYS, a non-hydrolyzable
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analogue of GTP, induces translocation of GLUT 4 in permeabilized adipocytes.
Their report raises a possibility that a certain class of G protein may be involved
in translocation of glucose transporter. Yet, their study does not address clearly
whether or not the G protein is involved in insulin-mediated translocation of

glucose transporter.

The present study was conducted to further characterize the effect of
guanine nucleotides on glucose transport in rat adipocytes. To this end, we
measured changes in glucose transport in electrically permeabilized adipocytes
(8,9). This method enables us quantitative analysis of changes in glucose
transport in adipocytes. Our results suggest that a certain type of trimeric G
protein may be involved in GTPyS-mediated increase in glucose transport in

adipocytes.

Material Meth

Materials

3-0-[3H]Methy-I-D-glucose was purchased from Dupont New England
Nuclear (Boston, MA, U.S.A.). 3-0-Methyl-D-glucose, bovine serum albumin
(fraction V), phloretin, sodium pyruvate were obtained from Sigma (St.Louis, MO,
U.S.A.). Mastoparan was from Penninsula Laboratories.

Cell Preparation

Isolated adipocytes were prepared by the collagenase method (10) from
epididymal adipose tissue of Sprague-Dowley rats. Unless otherwise stated,
isolated cells were incubated at 37°C in buffer A [Krebs-Henseleit Hepes (25 mM)
buffer (pH7.4), supplemented with 20 mg/ml bovine serum albumin (fraction V)
and 3 mM sodium pyruvate] (8). The cells to be electroporated were washed and
suspended in buffer designated as buffer X (4.74 mM NaCl, 118.0 mM KCI, 0.38
mM CacClz, 1.00 mM EGTA, 1.19 mM MaSO0s4, 1.19 mM KH2POs, 20 mg/ml bovine
serum albumin, 3 mM sodium pyruvate, and 25.0 mM Hepes/KOH, pH7.4). The
electroporation was carried out using a Gene Pulser (Bio-Rad) which was set at
25 uF and 0.8 kv/cuvette (or 2 KV/cm) as described previously (8). The cells to be
electroporated were suspended in buffer X (see above) at a concentration 20 %
(v/v) and electroporated four times at room temperature unless otherwise
specified. After the second treatment, the cell suspension was shaked gently and
then electroporated two times more (8).

Measurement of Glucose Transport Activity

The glucose transport activity was assessed by measuring cellular uptake
of 3-0-methyiglucose by modification (8) of the oil-floatation method.(10). The
transport reaction was terminated by the addition of 300 pul of 1 mM phloretin in
1564 mM NacCl that contained 0.0125 % bovine serum albumin and 1 % ethanol
(initial solvent for phioretin).
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Resuits

Effects of GTP n Glu Transport in Intact ] lectricall
Permeabilized Cells

Permeabilized adipocytes (8) were prepared as described in Methods.
Both intact and permeabilized cells were divided into a number of aliquots and
incubated at 37°C for 10 min in the presence and absence of 0.3 mM GTPyS.
Insulin (10 nM in intact cells and 100 nM in permeabilized cells, respectively) was
then added and the cells were further incubated for 10 min. After the incubation,
glucose transport activity was assessed by measuring the rate of 3-0-methyl-D-
glucose uptake. Our previous study indicates that 100 nM insulin induces the
maximal effect in permeabilized cells while 10 nM insulin elicits the maximal
effect in intact cells (9). Figure 1 illustrates the effects of GTPYS on glucose
transport activity in intact cells and in permeabilized cells. In intact cells, insulin
induced approximately 7-fold increase in glucose transport. GTPyS (0.3 mM)
had no effect on either basal or insulin-stimulated glucose transport. in
permeabilized cells, the effect of insulin was also observed as in intact cells even
though the magnitude is smaller. GTPyS stimulated the basal glucose transport
activity by approximately 3-fold in permeabilized cells. GTP¥S also enhanced

insulin-stimulated glucose transport. The effect of GTPYS plus insulin was
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Figure 1. Effect of GTPYS on Glucose Transport in Intact and Permeabilized
Adipocytes.
Intact or electrically-permeabilized (E-P) cells were incubated with or without
0.3 mM GTP-yS in the presence and absence of insulin. Glucose transport
was measured as described in Methods. Values are the mean+S.E. for four
determinations and the representative of three experiments.
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Table 1. Effect of Nucleotides on Glucose Transport in
Permeabilized Adipocytes

Addition Glucose Uptake (pmol/min/mg wet weight)
none 2.8+0.19 (10)
GTPYS(1 mM) 8.4+0.60 (8)
Gpp(NH)p (1 mM) 5.70.56 (8)
App(NH)p (1 mM) 3.0:0.45 (5)

Glucose uptake was measured in permeabilized adipocytes in the
presence and absence of various nucleotides. Values are the mean
+S.E. of number of determinations shown in the parentheses from three
independent experiments.

greater than the maximal effect of insulin. As shown in Table 1, the stimulatory

effect was specific to guanine nucleotides since Gpp(HH)p had similar

stimulatory effect as GTPYS whereas App(NH)p did not affect glucose transport.

Electrically Permeabilized Cells
Figure 2 depicts dose-response relationship for GTPyS-induced glucose

uptake in permeabilized cells. In the absence of insulin, GTPYS evoked a dose
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Figure 2. Dose Response Relationship for the Effect of GTPYS on Glucose
Transport in Permeabilized Adipocytes.
Electrically permeabilized adipocytes were incubated with various
concentrations of GTP-yS in the presence and absence of 100 nM insulin.
Glucose transport was measured as described in Methods. Values are the
meanxS.E. for three determinations and the representative of four
experiments.
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Figure 3. Effect of GDPBS on Insulin-stimulated Glucose Transport in

Permeabilized Adipocytes.

Electrically permeabilized cells were incubated with various

concentrations of GDPBS in the presence and absence of 100 nM insulin.
Values are the mean £S.E. for four determinations and the representative of
six experiments.

Figure 4. Effect of NaF on Glucose Transport in Permeabilized Adipocytes.
Electrically permeabilized cells were incubated with various concentrations
of NaF and glucose transport was measured. Values are the mean +S.E. for
four determinations and the representative of four experiments.

dependent increase in glucose transport. The effect was almost saturated at a
concentration of 1.0 mM. At this concentration, GTPyS augmented glucose
transport to the same extent as insulin. In the presence of insulin, GTPYS elicited
a small but significant stimulatory effect at a concentration of 0.3 mM. The effect
of combination of insulin and 0.3 mM GTPyS was greater than the maximal effect
of GTPyS. However, further stimulatory effect was not observed at a GTPYS
concentration of 1.0 mM.

Effect of GDP@S on Giu Transport in Electricall eabiliz

Figure 3 depicts dose-response relationship for the effect of GDPBS on
glucose transport in permeabilized cells. In the absence of insulin, GDPBS had
essentially no effect on glucose transport. In the presence of insulin, rather than
inhibition of insulin-mediated glucose transport, GDPBS had a small stimulatory
effect: 1.0 mM GDPBS enhanced insulin-mediated glucose transport by 140 %
Effect of NaF an toparan on Gl Tra rti i |

To further examine an involvement of G protein in glucose transport, we
determined the effect of NaF on glucose transport in permeabilized cells. As
shown in Figure 4, NaF augmented glucose transport at a concentration of 3.0
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Figure 5. Effect of Mastoparan on Glucose Transport in Permeabilized Adipocytes.
Electrically permeabitized cells were incubated with various concentrations

of mastoparan and glucose transport was measured. Values are the mean
£5.E. for four determinations and the representative of four experiments.

mM. At 10 mM, NaF induced a three fold stimulation of glucose transport. The
stimulatory effect of NaF was probably due to AlF3 since addition of
desferroxamine, a chelator of Al3+, completely blocked NaF-induced stimulation
of glucose transport (data not shown). It is to be noted that NaF also stimulated
glucose transport in intact cells. However, magnitude of the response was
smaller than that in permeabilized cells.

To further examine an involvement of G protein, we employed mastoparan,
a bee venom which activates certain types of G proteins (12). As demonstrated in
Figure 5, 0.7 pM mastoparan exerted an inhibition while higher concentration of
mastoparan increased glucose transport, the increase of which being dose-
dependent. At 70 pM, mastoparan induced six fold stimulation of giucose

transport.

Discussion
In the present study, we examined the effect of guanine nucleotides on
glucose transport in rat adipocytes by measuring glucose uptake in electrically
permeabilized cells. This method enables us quantitative analysis of the effect of
guanine nucleotides on glucose transport. Our results confirm and extend the

report by Valdini et al. (7) by showing that GTPYS actually increases glucose
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transport in permeabilized adipocytes. Our results further indicate that the
stimulatory effect is specific to guanosine triphosphate and its non-hydrolyzable
analogues, GTPYS and Gpp(NH)p. It is therefore plausible that a certain type(s)
of G protein is involved in the stimulation of glucose transport. Supports for this
concept come from observations that both NaF and mastoparan, agents known to
activate G proteins (9,10), are capable of stimulating glucose transport in
adipocytes. Of particular importance is that NaF augments glucose transport in
adipocytes. NaF activates trimeric G proteins without affecting low molecular
weight G proteins including p21 ras, ADP ribosylation factor and rab protein (13).
Existence of G various proteins in rat adipocytes was reported (14-16). In
particular, low molecular weight G protein is shown to be localized in vesicles
containing GLUT 4 (16). Our present results suggest that a certain type of
trimeric G protein is involved in NaF-induced and, presumably, GTP-induced
stimulation of glucose transport.

Recent studies indicate that G proteins are involved in some actions of
insulin (17-19). Also, certain actions of insulin are blocked by pertussis toxin
(20,21). With regard to glucose transport, however, Honnor et al. have shown
that pertussis toxin does not affect glucose transport induced by insulin in
adipocytes (22). As shown in Figure 3, GDPBS does not block insulin-mediated
glucose transport. A simple interpretation is that G protein is involved in GTPyS-
stimulated but not insulin-stimulated glucose tranport. Nevertheless, a recent
morphological study by Robinson et al. (23) indicates that both insulin and
GTPyS induce translocation of GLUT 4 in a similar manner. 1t is therefore still
possible that both GTPyS and insulin induce translocation of GLUT 4 through
the same mechanism. Results shown in Figure 3 indicate that GDPBS rather
enhances insulin-stimulated glucose transport. In addition, insulin-mediated
glucose transport in the presence of 0.3 mM GTPyS is higher than in the
presence of 1 mM GTPyS. Therefore, another possibility exists that a second
type of G protein, which is inhibitory on glucose transport is involved in the action
of insulin. This concept is in agreement with a report by Schurmann et al. (24)
that GTP and GTPyS reduced insulin-stimulated glucose transport activity in
reconstituted adipocyte membrane fraction. Taken together, it is possible that
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multiple types of G proteins are involved in insulin-mediated stimulation of

glucose transport.
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