
Diabetologia (1995) 38:661-666 Diabetologia 
�9 Springer-Verlag 1995 

The effects of insulin on the level and activity of the GLUT4 
present in human adipose cells 
I.J. Kozka 1, A .E .  Clark 1, J. P. D. Reckless 2, S.W. Cushman 3, G.W. Gould 4, G.D. Holman I 

School of Biology and Biochemistry, University of Bath, Bath, UK 
2 School of Postgraduate Medicine, Royal United Hospital, University of Bath, Bath, UK 
3 Experimental Diabetes, Metabolism and Nutrition Section, Diabetes Branch, National Institute of Diabetes and Digestive and 
Kidney Diseases, National Institutes of Health, Bethesda, Maryland, USA 

4 Department of Biochemistry, University of Glasgow, Glasgow, UK 

Summary Human adipose cells are much less respon- 
sive to insulin stimulation of glucose transport activ- 
ity than are rat adipocytes. To assess and character- 
ize this difference, we have determined the rates of 
3-O-methyl-D-glucose transport in human adipose 
cells and have compared these with the levels of glu- 
cose transporter 4 (GLUT4) assessed by using the 
bis-mannose photolabel, 2-N-4-(1-azi-2,2,2-trifluor- 
oethyl)benzoyl-l,3-bis-(D-mannos-4-yloxy)-2-propyl- 
amine, ATB-BMlZA. The rates of 3-O-methyl-D- 
glucose transport and the cell-surface level of 
GLUT4 are very similar in the human and rat adipo- 
cyte in the basal state. The Vma x for 3-O-methyl-I> 
glucose transport in fully insulin-stimulated human 
adipose cells is 15-fold lower than in rat adipose 
cells. Photolabelling of GLUT4 suggests that this 
low transport activity is associated with a low 
GLUT4 abundance (39.104 sites/cell; 19.9.104 sites 
at the cell surface). The turnover number for human 
adipose cell GLUT4 (5.8 �9 1 0  4 min -1) is similar to that 

observed for GLUT4 in rat adipose cells and the 
mouse cell line, 3T3L1. Since 50 % of the GLUT4 is 
at the cell surface of both human and rat adipose 
cells in the fully insulin-stimulated state, an ineffi- 
cient GLUT4 exocytosis process cannot account for 
the low transport activity. The intracellular retention 
process appears to have adapted to release, in the ba- 
sal state, a greater proportion of the total-cellular 
pool of GLUT4 to the cell surface of the larger 
human adipocytes. These cell-surface transporters 
are presumably necessary to provide the basal meta- 
bolic needs of the adipocyte. As a consequence of 
this adaptation to cell size and surface area, the resi- 
dual intracellular-reserve pool of GLUT4 that is 
available to respond to insulin is lower in the human 
than in the rat adipocyte. [Diabetologia (t995) 38: 
661-666] 
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In isolated rat adipose cells, glucose transporter iso- 
form 4 (GLUT4) constitutes approximately 90 % of 
the total cellular glucose transporter, the remaining 
portion being GLUT1 [1-3]. Immunocytochemical 
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studies on brown [4] and white [5] adipose cells and 
studies utilizing the cell-impermeant photoaffinity 
compound, 2-N-(4-(1-azi-2,2,2,-trifluoroethyl)ben- 
zoyl) - 1,3 - bis - (D-mannos-4-yloxy) - 2 - propylamine 
(ATB-BMPA) in white rat adipose cells [2,6], have 
suggested that very little of the cellular GLUT4 is 
present at the cell surface in the absence of insulin. 
Following insulin stimulation, the intracellular 
GLUT4 is rapidly translocated to the cell surface 
where its level is increased by approximately 20-fold 
compared with basal cells [4-6]. The GLUT4 isoform 
also appears to be the principal glucose transporter 
isoform in human adipose cells and is thought to be 
responsible for mediating the major portion of the in- 
sulin-stimulated glucose transport in these cells [7-9]. 



662 

P e d e r s e n  and  G l i e m a n n  [10] s howed  tha t  the  increase  
in glucose t r anspor t  act ivi ty tha t  is a t t a inab le  on  insu- 
lin s t imula t ion  of  h u m a n  ad ipose  cells is m u c h  less 
than  in ra t  ad ipose  cells. To fu r the r  charac te r ize  this 
d i f ference,  we have  c o m p a r e d  the  3-O-methyl -D-glu-  
cose  t r anspor t  act ivi ty with the  levels of  cel l -surface 
G L U T 4  as d e t e r m i n e d  by  pho to labe l l ing  with the  
A T B - B M P A  photo labe l .  Studies on G L U T 1  and 
G L U T 4  p resen t  in 3T3-L1 cells [11] and  expressed  in 
X e n o p u s  oocytes  [12] have  shown tha t  this a p p r o a c h  
can be  used  to assess b o t h  the  n u m b e r  of  cel l -surface 
t r anspor te r s  and  also their  catalyt ic  tu rnover .  

Materials and methods 

Materials. 3-O-methyl-D-[U-14C]-glucose was from Amersham 
International, Little Chalfont, Bucks., UK. ATB-[2-3H] - 
BMPA was synthesised as described previously [13]. Collage- 
nase was from Worthington, Freehold, N.J., USA. Bovine ser- 
um albumin was from Sigma, Poole, Dorset, UK and was ex- 
tensively dialysed and filtered. Insulin was kindly provided by 
Dr. R. Chance, Eli Lilly, Indianapolis, Ind., USA. Nonaethyl- 
eneglycol dodecylether (C12E9) was from Boehringer, Lewes, 
East Sussex, UK. 

Patients and adipose tissue. Specimens of human subcutaneous 
adipose tissue were obtained, with consent, from the abdomi- 
nal region of female patients undergoing elective gynaecologi- 
cal surgery. The patients were from 20 to 50 years of age, their 
body mass index (BMI) was 26 + 1 kg/m 2, and none suffered 
from endocrine disorders. For comparison with the female tis- 
sue, one specimen was also obtained from a 51-year-old male 
patient (BMI 23.5 kg/m 2) undergoing gastroenterological sur- 
gery. The patients were fasted for about 12 h. General anaes- 
thesia was induced with a short-acting barbiturate and was 
maintained with a mixture of halothane, nitrous oxide and oxy- 
gen. For each experiment 10-30 g of specimen tissue was ex- 
cised at the beginning of surgery and placed in HEPES buffer 
[(in retool/l) 140 NaC1, 4.7 KC1, 1.25 Mg2SO 4, 2.5 CaC12, 2.5 
NaH2PO4, 10 HEPES, pH 7.4] and containing 5 mmol/1 glu- 
cose and 1% albumin. The tissue was transported to the la- 
boratory in a thermos flask within 15-30 rain. 

Preparation of adipose cells and membranes. Adipose cells 
were prepared according to the methods previously described 
for rat [14-16] and human adipose cells [17, 18]. The tissue 
was cut into small fragments free of connective tissue and clot- 
ted blood. About 2 g of tissue was placed in 25 ml polystyrene 
tubes containing 3.5 ml of 4 % albumin in HEPES buffer sup- 
plemented with 5 mmol/1 glucose and containing 0.7 mg/ml 
collagenase. The tissue was minced with fine scissors and the 
adipocytes were isolated by incubation for approximately 
30 min at 37 ~ with shaking. The cell suspension was filtered 
through a nylon mesh with a pore size of 400 ~tm. The cells 
were washed four times in the 4 % albumin/HEPES buffer 
without glucose and finally resuspended at 40 % cytocrit. Cells 
were then incubated in the absence or presence of 20 nmol/1 in- 
sulin for 40 min at 37 ~ and further subjected to either trans- 
port or ATB-BMPA labelling assays. Membrane fractions 
were isolated following homogenization and differential cen- 
trifugation as described previously [16]. 

Transport activity assays in human adipose cells. Glucose trans- 
port activity was determined by measuring the initial rates of 
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uptake of 50 9mol/1 3-O-methyl-D-glucose at 37~ as pre- 
viously described for the isolated rat adipose cells [14-16]. 
Briefly, 50 ~tl of adipose cells at 40 % cytocrit were rapidly pi- 
petted into 10 ~tl HEPES buffer containing 3-O-methyl-D-[U- 
t4C]-glucose and unlabelled 3-O-methyl-D-glucose to give a fi- 
nal substrate concentration of 50 ~mol/1. The transport rates 
were slow compared with rat adipose cells and consequently 
longer uptake times were required for determination of rate 
constants. At appropriate times, usually 30 or 90 s for basal 
cells and 30 s for insulin-stimulated cells, the glucose uptake 
was terminated by the addition of 3 ml of HEPES buffer con- 
taining 0.3 mmol/1 phloretin. The cell-associated radioactivity 
was determined in the cells recovered after centrifugation 
through an approximately 0.5 ml layer of silicone oil. The up- 
take at these times was compared with the equilibrium filling 
of the cells at 5 min and from these fractional fillings the up- 
take rate constants were determined as described previously 
[14]. The equilibrated radioactivity associated with the cells 
was also used to calculate the intracellular water space by 
using the estimate of 8.10 s cells per ml of 40 % cells [17]. For 
the kinetic studies, the competing sugars were placed together 
with the radioactive tracer at the bottom of the tube in a final 
volume of 20 ~tl, into which 50 ~1 of cells were pipetted. In the 
experiments in which ATB-BMPA was used as a transport in- 
hibitor, the cells were first preincubated with the compound 
for 5 rain. A 50-bd aliquot of cells was then withdrawn and pi- 
petted into the radioactive sugar mixture. 

A TB-BMPA photolabelling of glucose transporters in human 
adipose cells. Following stimulation with insulin, and where ap- 
propriate a 5-rain preincubation with the competing sugars, 
1 ml of cells in 4 % albumin in HEPES buffer was added to 
500 ~tCi of ATB-[2-3H]-BMPA in 0.5 ml of HEPES buffer in 
35-ram polystyrene dishes and irradiated for 1 rain in a Rayo- 
net photochemical reactor as described previously [2,19]. Fol- 
lowing irradiation the cells were rapidly washed three times 
with 1% albumin in HEPES buffer at 18 ~ and solubilized in 
I ml of detergent buffer containing 2 % C12E 9 in 5 retool/1 so- 
dium phosphate buffer at pH 7.2 and with the proteinase inhi- 
bitors antipain, aprotinin, leupeptin, pepstatin A, each at 
1 ~tg/ml. To estimate the levels of the transporters present in 
the total cellular pool, cells were permeabilized with 0.025 % 
digitonin in the presence of 500 ~tCi ATB-[2-3H]-BMPA for 
10 rain at 18 ~ and then irradiated [20, 21]. These cells were 
then, without washing, directly s01ubilized in 2 ml of deter- 
gent buffer. For all samples, the non-solubilized material was 
removed by centrifugation at 20,000 - g for 20 rain. 

Immunoprecipitation and Western blotting of GLUT4. Rabbit 
antisera against the GLUT1 and GLUT4 glucose transpor- 
ters were prepared using synthetic C-terminal peptides as 
described previously [2,13]. To immunoprecipitate the photo- 
labelled transporters, 100 ~tl of each antiserum was conjugat- 
ed to 20 ~1 of protein A-sepharose by mixing for 2 h in 
5 retool/1 phosphate buffer at 0-4~ The conjugates were 
washed with 5 mmol/1 phosphate buffer. The solubilized cell 
material in detergent buffer was then added to the antise- 
rum-protein A conjugates and mixed at 0-4~ for 2 h with 
the appropriate antibody. In most cases, the first immunopre- 
cipitation was with anti-GLUT4 antiserum and this was fol- 
lowed by the immunoprecipitation with anti-GLUT1 antiser- 
um. In each case the immunopellets were washed four times 
with i ml of the detergent buffer containing 1% C12E9 and 
once with detergent free buffer. Finally, the labelled proteins 
were released from the conjugates with electrophoresis buf- 
fer containing 10 % (w/v) sodium docecylsulphate (SDS), 6 
mol/1 urea and 10% (v/v) mercaptoethanol. The proteins 
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Glucose transport activity in human adipose cells. In- 
sulin stimulation typically led to an approximately 3- 
fold increase in the rate constant for uptake of a 
non-saturating 50 ,umol/1 concentration of 3-O-me- 
thyl-D-glucose into human adipose cells (from 0.32 + 
0.04min -1 to 0.96+0.07min-1; from 15 experi- 
ments). At  equilibrium, 50 ~tmol/1 3-O-methyl-D-[U- 
14C]-glucose distributed into an intracellular volume 
of 2.9 + 0.2 ~tl/106 cells. To determine the kinetic char- 
acteristics of 3-O-methyl-D-glucose transport in the 
insulin-stimulated state for comparison with the re- 
sults from photolabelling the cell surface GLUT4, 
the initial rates of uptake of 3-O-methyl-[U-14C]-D - 
glucose in the presence of increasing concentrations 
of unlabelled 3-O-methyl-D-glucose were deter- 
mined. Figure 1 shows a single experiment in basal 
cells, with K m of 3..6 mmol/1 and Vma x of 0.8 mmol/1 
min -1', and a representative experiment from three 
experiments on insulin-treated cells. In the insulin- 
stimulated state, the K m and Vma x values are 4.7 + 
1.1 - mmol/1 and 3.3 + 0.8 mmol/1 �9 min -1 (from three 
experiments). These results are consistent with those 
of Pedersen and Gliemann [10] who showed that in- 
sulin does not markedly alter the K m for 3-O-me- 
thyl-D-glucose transport activity in human adipose 
cells. 

Previous studies on rat adipose cells have shown 
that the affinity of GLUT4 for ATB-BMPA is appro- 
ximately 200 vmol/1 [2,11]. In human adipocytes, 
ATB-BMPA inhibits 3-O-methyl-D-glucose transport 
with a K i of approximately 200 ~tmol/1 both in the 
basal and insulin-stimulated states (Fig. 2). 

A TB-BMPA labelling of  cell-surface and total-cellu- 
lar GLUT4 and GLUT1. To assess the cell-surface 
levels of GLUT4 and GLUT1, these transporters 
were labelled in intact human adipose cells with the 
ATB-[2-3H]-BMPA. The labelled transporters were 
immunoprecipitated and resolved on SDS-PAGE. A 
representative gel profile of the immunoprecipitated 
GLUT4 is shown in Figure 3. Insulin increased the 
cell-surface exposure of GLUT4 to the impermeant 
photolabel by 2-3-fold. Both GLUT4 and GLUT1 
isoforms were labelled by ATB-BMPA. However, 
the cell-surface level of GLUT1 was less than 10 % 
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were resolved on 7 % SDS-PAGE and gel lanes were then se- 
parated and sliced. The radioactivity in the gel slices was ex- 
tracted as previously described [2]. For Western blotting, pro- 
teins were transferred onto nitrocellulose membranes. The 
membranes were blocked with 3 % albumin in 154 mmol/1 
NaC1, 10 mmol/1 TRIS-HC1, pH 7.4 containing 0.1% Tween 
and incubated in the same buffer but containing 1% albumin 
with affinity purified GLUT4 antibody (4 ~tg in 10 ml). The 
bound antibody was localized by incubation with 12SI-protein- 
A and autoradiography. 

I I 1 I I 

2.0 4.0 6.0 8.0 10.0 

3-O-Methyl -  D-Glucose (mmol/I) 
Fig.1 Kinetic analysis of 3-O-methyl-D-glucose transport in 
human adipose cells. The initial rates of net uptake of 3-O-me- 
thyl-[U-14C]-D-glucose at the indicated concentrations were 
determined in human adipose cells either in the basal state (o) 
or the insulin-stimulated state (A). The results shown are 
from a single experiment (basal) and a representative experi- 
ment from three experiments (insulin). The K m and Vma x were 
determined by fitting the Michaelis-Menten equation by non- 
linear regression (weighted for relative error) 
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Fig.2 Inhibition of 3-O-methyl-D-glucose by ATB-BMPA. 
Human adipose cells were incubated in the absence (e) or 
presence (A) of insulin and then the initial rates of uptake of 
50 ~tmol/1 3-O-methyl-D-[U-14C]-glucose were determined in 
the absence (Vo) or presence (v) of the indicated concentra- 
tion of ATB-BMPA. The data points shown are the means 
from two separate experiments 
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Fig.3 ATB-BMPA photolabelling of the cell-surface GLUT4 
present in human adipose cells. 1-ml suspensions of human adi- 
pose cells treated either with (o) or without (o) 20 nmol/1 insu- 
lin for 40 min at 37 ~ were photolabelled by irradiation for 
1 rain in the presence of 500 ~tCi of ATB-[2-3H]-BMPA. The 
cells were washed in 1% albumin/HEPES buffer and solubil- 
ized in C12E9 detergent buffer as described in "Methods". 
Photolabelled material was immunoprecipitated by anti- 
GLUT4-C-terminal peptide antiserum and was then analysed 
by SDS-PAGE 

of that of GLUT4  and no attempt was made to quan- 
tify the insulin responsiveness of this isoform. 

Figure 4 shows the results from a series of experi- 
ments in which the levels of GLUT4  at the cell sur- 
face were compared with the total cellular levels. 
The total cellular GLUT4  was estimated by labelling 
the transporters in the presence of digitonin, a com- 
pound which permeabilizes the cells, thereby allow- 
ing the normally impermeant  ATB-BMPA access to 
the intracellular transporter stores [20,21]. Labelling 
in the digitonin-treated cells also suggested that 
GLUT4  was much more abundant than GLUT1 and 
constituted more than 80 % of the total cellular glu- 
cose transporter pool. In this series of experiments, 
the proportion of GLUT4  at the cell-surface was 
27.2 + 3 . 5 %  in the basal state and increased to 
57.7 + 6.6 % in the insulin-stimulated state. Figure 4 
also shows that the inclusion of 100 mmol/1 3-O-me- 
thyl-D-glucose reduced the level of surface labelling 
of GLUT4  by 82 % and the labelling of the total cel- 
lular pool by 74 % of the respective controls. 

We have to confirmed that the digitonin permeabi- 
lization procedure gives a reliable estimate of the 
proportion of GLUT4  at the cell surface by Western 
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Fig.4 Distribution of GLUT4 in human adipose cells. The 
photolabelling of GLUT4 in human adipose cells in the basal 
and insulin-stimulated states was carried out in the presence 
([]) and absence ( [ ] )  of 0.025 % digitonin (which allows the 
normally impermeant reagent access to the intracellularly 
located glucose transporters). The results show the 
mean + SEM from 4-9 separate experiments. The ability of 
100 mmol/1 3-O-methyl-D-glucose to compete with the ATB- 
BMPA in the photolabelling reaction is also shown (I + 3MG) 

blotting of plasma membrane and total cellular mem- 
branes from insulin-treated cells. Figure 5 shows that 
the level of GLUT4 is approximately the same in 
plasma membrane and totalcellular membrane sam- 
ples. When expressed as a percentage of the total 
membranes recovered these Western blot data show 
that approximately 50 % of the GLUT4  is at the cell 
surface of insulin-stimulated rat and human adipo- 
cytes. 

If we convert the observed level of labelling by 
ATB-BMPA from dpm (Fig.4) into moles of label 
bound then we can use the equilibrium affinity con- 
stant to obtain a value for the number  of GLUT4  mo- 
lecules at the cell surface (Bmax) according to Equa- 
tion 1: 

B .  (KD + F) 
Bmax - F Eqn. 1 

where F is the free ATB-BMPA concentration 
(46 ~tmol/1), K D is the affinity constant (200 ~tmol/1) 
and B and Bma x are the moles of ATB-BMPA bound. 
B and Bma x can be expressed either in moles/cell or 
this unit can be converted to Fmol/1 using the intracel- 
lular water space of 2.9 ~1/106 cells. In the basal state 
the cell surface level of GLUT4  was found to be 72 
fmoles/106 cells or 24 nmol/1 corresponding to 4.3. 
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10  4 sites/cell. In the insulin-stimulated state the cell 
surface GLUT4 was 165 fmol/106 cells or 57 nmol/1 
corresponding to 9.9.104 surface sites/cell (39.104 
sites/cell). As the Vma x for transport is expressed as 
mmol/1, min q, the catalytic turnover number  (TN) 
can be obtained by dividing the Vma x by the concen- 
tration of GLUT4 according to Equation 2: 

TN - Vmax 
[GLUT4] Eqn. 2 
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Comparing the Vma x for insulin-stimulated transport 
with the concentration of GLUT4 at the cell surface 
gives a catalytic turnover number  of 5.8 �9 10  4 min -1 at 
37~ 

Discussion 

In human adipose cells, the glucose transport activity 
in the basal state is similar to that observed in rat adi- 
pose cells [14]. However, there is a major difference 
in the Vma x in these systems following insulin treat- 
ment. The Vm~ x for 3-O-methyl-D-glucose is approxi- 
mately 15-fold lower in human (this study) than in 
rat adipose cells [14]. We have assessed here whether 
the low transport activity in fully insulin-stimulated 
human adipose cells can be attributed to a low abun- 
dance of GLUT4 at the cell surface.Application of 
the ATB-BMPA photolabelling procedure has 
shown that this effect is mainly due to a low abun- 
dance of GLUT4 at the cell surface in the insulin-sti- 
mulated state, there being 9.9.10 4 sites/human adi- 
pose cell present in the plasma membrane.  Using a cy- 
tochalasin B binding procedure, Simpson et al. [16] 
showed that in the plasma membrane of rat adipose 
cells there were 195 �9 104 cell-surface sites per cell. 

The turnover number of GLUT4 in human adi- 
pose cells has not been previously estimated but sev- 
eral estimates of the turnover numbers of rodent 
GLUT4 have been determined. Using cytochalasin 
B binding data the estimated catalytic turnover of 
GLUT4 in rat adipose cells is 5.6.104. min -1 at 
37~ [16]. Using the ATB-BMPA photolabelling 
procedure to determine GLUT4 activity in the 
mouse 3T3-L1 cell line we have calculated a catalytic 
turnover of 7.9- 10 4 .  min -1 at 37 ~ [11]. A much low- 
er value for the turnover of rat GLUT4 expressed in 
oocytes has been obtained (1.7 �9 10  4 .  min -1) at 22 ~ 
[12]. The catalytic turnover of the GLUT4 would be 
expected to increase by about three-fold for a 15 ~ 
rise in temperature [22]. There are clearly many as- 
sumptions involved in using the ATB-BMPA photo- 
label to calculate the turnover number  [11,12] but 
the turnover calculated from application of this tech- 
nique in human adipose cells (5.8.104. min -1) is 
strikingly similar to values obtained using other tech- 
niques and other cell types. 

Fig. 5 Western blot analysis of the effect of insulin on the dis- 
tribution of GLUT4 between the plasma membrane and the 
total-cellular membrane pool. Membranes were isolated from 
human and rat adipocytes following homogenization and dif- 
ferential centrifugation and proteins were resolved by SDS- 
PAGE. GLUT4 was detected using affinity purified antibody 
raised against a synthetic GLUT4 C-terminal peptide. Results 
are from an experiment representative of three separate ex- 
periments 

As approximately half of the cellular GLUT4 is at 
the cell surface of both human and rat adipose cells 
in the insulin-stimulated state (Figs. 4, 5) [6], the insu- 
lin-stimulated exocytosis process for GLUT4 seems 
to be equally efficient in these systems. Since in the 
basal state, a higher proportion of the total cell 
GLUT4 is at the surface (approximately 25 %) than 
in rat adipocytes (where only approximately 2 % is 
at the surface) it appears that the GLUT4 sequestra- 
tion and retention process [6, 23] is inefficient in hu- 
man adipose cells. However, the cell surface levels of 
GLUT4 and the Vma x for 3-O-methyl-D-glucose are 
very similar in the human and rat adipocytes in the 
basal state [10,14 and present study]. The basal Vma x 
is presumably sufficient to provide the basal metabol- 
ic needs of the adipocyte. It therefore seems likely 
that in the basal state, the intracellular retention pro- 
cess has adapted to release a greater proportion of 
the lower total cellular pool of GLUT4 to the cell sur- 
face of human adipose cells. As a consequence of this 
adaptation to cell size and surface area, the residual 
intracellular-reserve pool of GLUT4 that is available 
to respond to insulin is lower in the human than in 
the rat adipocyte. A similar mechanism has been pro- 
posed for the adaptation of rat adipose cells to in- 
creased cell size. In large rat adipose cells, a depleted 
intracellular pool of transporters is associated with a 
greater proportion of the available transporters 
being distributed to the cell surface [24]. 

Levels of GLUT1 that are detected in human adi- 
pose cells using the photolabelling procedure are 
only about 10 % of the GLUT4 levels and are not ea- 
sily resolved from the background on SDS-gels. Be- 
cause of the low abundance of GLUT1 and because 
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this t r a n s p o r t e r  has low affinity for  subs t ra te  [11,25], 
G L U T 1  will only  m a k e  a ve ry  m i n o r  con t r ibu t ion  to 
the 3-O-methyl -D-glucose  t r anspor t  activit ies of  hu- 
m a n  fat  cells. 

The  regu la t ion  of cell surface  glucose t r anspo r t e r  
levels and  activi ty in ra t  ad ipose  cells has b e e n  
shown to vary  depend ing  u p o n  fac tors  such as the  
age and  size of  the  an imal  and  the  d is t r ibut ion of  the  
fat  r e se rve  [24]. F u r t h e r  studies on  glucose t ranspor-  
ters  in h u m a n  ad ipose  cells a imed  at address ing  
these  issues could t he re fo re  be  car r ied  out  using the  
pho to labe l l ing  p r o c e d u r e  descr ibed  here.  
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