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Summary The genetically obese Zucker rat (fa/fa) is an 
animal model with severe insulin resistance of the skele- 
tal muscle. We investigated whether a defect of insulin- 
dependent glucose transporter (GLUT 4) translocation 
might contribute to the pathogenesis of the insulin-resi- 
stant state, fa/fa rats,lean controls (Fa/Fa) as well as nor- 
mal Wistar rats were injected intraperitoneally with in- 
sulin and were killed after 2 or 20 min, respectively. Sub- 
cellular fractions were prepared from hind-limb skeletal 
muscle and were characterized by determination of 
marker-enzyme activities andimmunoblotting applying 
antibodies against a l  Na+/K + AT Pase. The relative 
amounts of G L U T  1 and G L U T  4 were determined in 
the fractions by immunoblotting with the respective 
antibodies. Insulin induced an approximately two-fold 

increase of G L U T  4 in a plasma membrane and trans- 
verse tubule enriched fraction and a decrease in the low 
density enriched membrane fraction in all three groups 
of rats. There was a high individualvariation in GLUT 4 
translocation efficiency within the groups. However, no 
statistically significant difference was noted between 
the groups. No effect of insulin was detectable on the 
distribution of G L U T  i or (zl Na + K § AT Pase. The data 
suggest that skeletal muscle insulin resistance of obese 
Zucker rats is not associated with a lack of GLUT 4 
translocation. [Diabetologia (1994) 37: 3-9] 

Key words Zucker rats, skeletal muscle, insulin resist- 
ance, glucose transporter (GLUT 1 and G L U T 4 ) ,  
G L U T  4 translocation. 

The genetically obese Zucker rat (fa/fa) is an animal 
model characterized by extreme obesity, insulin resist- 
ance, hyperinsulinaemia, hyperlipidaemia and variable 
degrees of glucose intolerance [1-5]. This syndrome of 
the Zucker rat therefore shares several central charac- 
teristics with the insulin resistance syndrome described 
in humans [6-8]. The major site of insulin-mediated 
glucose disposal is in the skeletal muscle. Its insulin sen- 
sitivity is a major determinant for whole body insulin 
sensitivity. A severe insulin resistance of glucose up- 
take in the skeletal muscle has been described in fa/fa 
rats [9] and it is likely that this plays a pivotal role in the 
pathogenesis 0f the syndrome in these animals. Defects 
in glucose transport of the skeletal muscle of Zucker 
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and diabetic rats comprise a reduction in the basal rate 
as well as a reduced response to insulin stimulation [10- 
13]. The underlying mechanism is unclear. We have 
earlier described that the kinase activity of insulin re- 
ceptors isolated from skeletal muscle of Zucker rats is 
reduced [14]. This observation, which was recently con- 
firmed by others [15] suggests that impaired signalling 
of the receptor might contribute to the reduced insulin 
response of the glucose transport system. Furthermore 
it is conceivable that defects in the glucose transport 
system itself might be responsible for the reduced re- 
sponse to insulin. The glucose transporter isoform 
which specifically mediates the insulin effect is 
GLUT 4 [16-17]. While a reduced content of GLUT 4 
was reported for adipocytes of Zucker rats it appears 
that G L U T  4 levels in the skeletal muscle of Zucker 
rats are normal [18-19]. The stimulation of glucose 
transport by insulin in adipocytes and skeletal muscle 
involves two steps i.e. a translocation of G L U T  4 to 
cell surface membranes (plasma membrane (PM) and 
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Table 1. Characteristics of the animals studied 

Wistar Lean Obese 
rats i.p. Zucker Zucker 

rats i.p. rats i. p. 

Age 11 12-16 11-21 
[weeks] 

Body weight 311 315 496 
[g] (305-314) (298-345) (344-672) 

Serum glucose before 6 + 1 6.8 + 0.7 10 + 3.3 
insulin [mmol/1] 

Serum glucose after 4.8 + 0.9 3.5 + 0.4 8.9 + 4.4 
insulin [mmol/1] 

Fasting insulin levels 6.8 + 1.6 7.5 + 1.4 26.7 + 14.8 
[gU/ml] ELISA 

transverse tubules (TT)) as well as an activation of glu- 
cose t ransporters  [20-22]. The aim of  our  s tudy was to 
investigate whether  an abnormal i ty  of  G L U T  4 trans- 
locat ion might contr ibute to the pathogenesis  of  the in- 
sulin-resistant state of  the skeletal muscle glucose 
t ranspor t  system in Zucke r  rats. 
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Materials and methods 

Materials 

Aprotinin, benzamidine, vanadate, bacitracin, sodium fluoride, 
sodiumorthophosphate and phenylmethylsulphonyl fluoride 
(PMSF) were obtained from Sigma (Munich, FRG). All rea- 
gents for SDS-polyacrylamide gel electrophoresis were from 
Bio-Rad (Munich, FRG). All other reagents were of the best 
grade commercially available. Insulin (human) was purchased 
from Hoechst (Frankfurt, FRG). For homogenisation we used a 
dismembrator (mechanical device to grind tissue; Braun-Mel- 
sungen, FRG). For autoradiography X-Omat AR5 diagnostic 
film was used from Kodak (Rochester, New York, USA). Wistar 
rats were purchased from Savo (Kisslegg, FRG), lean and obese 
Zucker rats were a gift of Prof. L. Herberg (Dtisseldorf, FRG). 
Animal characteristics are shown in Table 1. The polyclonal sera 
against the GLUT 1 and GLUT 4 were obtained from WAK- 
Chemie (Homburg, FRG). The polyclonal cd Na +/K + ATPase 
serum was from UBI (Lake Placid, N. Y., USA). Nitrocellulose 
was from Schleicher & Schuell (Dassel, FRG) and the chemi- 
luminescence detection system (ECL) was from Amersham 
(Braunschweig, FRG). 

Treatment of animals and hindlimb preparation 

The body weights of the Wistar rats ranged from 305-314 g, Of 
lean Zucker rats from 298-345 g and of obese Zucker rats from 
344-672 g. Wistar rats, lean and obese Zucker rats were injected 
with insulin intraperitoneally or through the portal vein (insulin 
doses were adjusted to effect as described in the Results section). 
Subsequently the blood glucose concentration was determined 
every 5 min with Glucostix (Bayer, Leverkusen, FRG). The rats 
were killed 20 min after the insulin injection. The muscles of 
both hindlimbs were quickly removed, dissected on ice, and then 
deep-frozen at - 80 ~ within 3 min after the killing. 
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Fig. 1. Membrane preparation procedure 
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Membrane preparation and characterization 

For the preparation of membrane fractions enriched in PM and 
TT or low density membranes (LDM) we used the protocol 
which is described in Figure 1. The essential steps of the purifica- 
tion procedure were as follows: frozen muscles were homo- 
genized with a dismembrator (15 mm Amplitude, full speed for 
60 s). Approximately 3 g of tissue was used in each group for the 
preparation. The homogenate was dissolved in cold (4 ~ buffer 
(0.2tool/1 Tris/HC1, 1 mmol/1 EDTA, 255mmol/1 sucrose, 
pH 7.4) containing the following protease and phosphatase in- 
hibitors: 0.5 mg/ml bacitracin, 1 mmol/1PMSF, 0.2 mg/ml benza- 
midine, 100 mmol/1 sodium fluoride, 10 mmol/1 sodium pyro- 
phosphate, 1 mmol/1 orthovanadate, and pottered in a glass/te- 
flon potter 10 times. After homogenization the tissue was cen- 
trifuged at 8700 x g for 20 rain. The supernatant consisting of 
fractions enriched with high density membranes (HDM) and 
LDM was centrifuged for 15 min at 48,000 x g to separate the 
LDM-enriched membranes from the HDM-enriched mem- 
branes. To obtain the crude membrane pellet the supernatant 
was again centrifuged in a high-speed centrifuge for 60 min at 
293,000 x g. 

The pellet obtained with the first centrifugation was resus- 
pended in buffer, pottered again and centrifuged at 750 x g for 
10 min. The resulting PM- and TY-enriched supernatant was 
centrifuged again for 30 min at 12,000 x g. To obtain the crude 
membrane pellet the supernatant was centifuged for 30 min at 
48,000 x g. Both pellets (LDM and PM + TT) were resuspended 
in buffer, pottered and layered on a 38.3 % sucrose gradient. The 
PM- and TT-enriched fraction was centrifuged in an ultracen- 
trifuge at 58,800 x g for 30 min. The LDM-enriched fraction was 
centrifuged for 65 min at 58,800 x g. Both membrane pellets 
were then collected at the respective sucrose interphase, diluted 
four-fold with buffer and dispersed by mechanical disruption 
through a syringe needle. Finally the PM- and TT-euriched frac- 
tion was centrifuged for 40 min at 183,000 x g. The LDM-en- 
riched fraction was centrifuged for 60 min at 321,000 x g. The 
entire preparation procedure was performed on ice. Marker 
enzymes were measured to determine the relative purity of the 
membrane fractions. Na+/K + ATPase served as a marker for 
PM and was determined by immunoblotting. As a marker for TT 
the Mg + + -ATPase was determined as described previously [23]. 
To further ensure the membrane purity the  NADH-cyto- 
chrome C reductase was measured [24-26]. Protein concentra- 
tion was determined by Bio-Rad assay. 

Detection of GLUT 4 and GLUT 1 by immunoblotting 

Membranes (10 gg protein) were subjected to 10 % SDS-PAGE 
[27] in the presence of 100 mmol/1 DTF. Proteins were trans- 
ferred to nitrocellulose by electroblotting (buffer: 192 mmol/1 
glycin, 25 mmol/1 Tris, 10% methanol, pH 7.4, 2.5 h 200 mA). 
Following transfer the filters were blocked with 5 % non-fat dry 
milk in NET buffer (150mmol/1 NaC1, 5 mmol/1 EDTA, 
50 mmol/1Tris pH 7.4, 0.05 % Triton-X-100, 0.25 % gelatine) for 
i h at room temperature and subsequently incubated with the 
first antibody (GLUT 4 or GLUT 1 dilution in NET buffer) 
overnight at 4 ~ After incubation with the specific antibody, ni- 
trocellulose was washed several times with 2 % non-fat dry milk 
in NET buffer. Horseradish Peroxidase labelled IgG was then 
bound to the immunocomplexes. Visualization of the immunola- 
belled bands was carried out by autoradiography after addition 
of a chemiluminescence reagent (ECL). 
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Fig.2. Effect of insulin 
on blood glucose levels in 
Wistar rats (n = 4 pairs) 
/x, lean Zucker rats (n = 
6 pairs) n ,  obese Zucker 
rats (n = 8 pairs) �9 Values 
are mean _+ SEM 

Fig.3. Autoradiogram ofcd 
Na +/K + ATPase in crude homo- 
genate (HO) and plasma mem- 
brane (PM)-enriched fractions 
before and after insulin injection. 
Representative autoradiograms 
from three different membrane 
preparations are shown 

Scanning densitornetry 

After autoradiography the density of the labelled 45 kDa bands 
was measured using a type Elscript 400 scanner from Hirsch- 
mann GmbH (Munich, FRG). Measurements were performed 
with a 0.2 mm window in an extinction range of 2 or 4 by 100 gm 
steps. 

Statistical analysis 

The data are expressed as mean values and SD. 

Results 

In  pi lot  expe r imen t s  we  empir ica l ly  d e t e r m i n e d  the  
a m o u n t  o f  insul in which  is neces sa ry  to  i nduce  a c o m -  
pa rab le  decl ine  o f  b l o o d  g lucose  in Wis t a r  rats,  l ean  
Z u c k e r  rats and  o b e s e  Z u c k e r  rats  (5-15  I U  insulin,  de-  
p e n d i n g  on  the  b o d y  we igh t  o f  the  animals) .  T h e  result-  
ing dec rea se  o f  b l o o d  g lucose  is s h o w n  in F igure  2. A l l  
an imals  w e r e  ki l led 20 min  af ter  insulin inject ion.  

A f low shee t  o f  the  expe r imen t a l  p r o t o c o l  fo r  sub- 
cel lular  f r ac t i ona t i on  is s h o w n  in F igure  1. T h e  
m e t h o d  is a p r o c e d u r e  which  we  had  used  in an ear l ier  
s tudy  wi th  s p o n t a n e o u s  hype r t e ns ive  rats  ( S H R )  [28]. 



Fig.& Autoradiogram of GLUT 4 and GLUT 1 in plasma mem- 
brane (PM) and low density membrane (LDM) fractions of skeletal 
muscle from Wistar rats. Membrane fractions were prepared as de- 
scribed in the Methods section and in Figure 1. Membrane proteins 
were separated by SDS-PAGE and transferred to nitrocellulose. 
The autoradiogram shows a representative immunoblot with anti- 
bodies directed against GLUT 4 and GLUT 1, respectively. The 
values were quantified by scanning densitometry. Insulin induced an 
increase of GLUT 4 labelling in the PM-fractions by 2.9 + 1.8 SEM 
fold (n = 4 pairs) and a decrease of GLUT 4 labelling in the LDM- 
fractions by 1.3 _+ 0.2 SEM fold (n = 3 pairs) 

Fig.5. Autoradiogram of GLUT 4 in plasma membrane (PM) and 
low density membrane (LDM) fractions of skeletal muscle from lean 
Zucker rats. The experiment was performed as described in Fig- 
ure 4. Insulin induced an increase of GLUT 4 labelling in the PM- 
fraction by 2 + 1.7 SEM fold (n = 6 pairs) and a decrease of GLUT 4 
labelling in the LDM-fraction by 1.9 + 1.3 SEM fold (n = 6 pairs) 
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Fig.& Autoradiogram of GLUT 4 in plasma membrane (PM) and 
low density membrane (LDM) fractions of skeletal muscle from 
obese Zucker rats. The experiment was performed as described in 
Figure 4. Insulin induced an increase of GLUT 4 labelling in the PM 
fraction by 2.3 _+ 1.7 SEM fold (n = 6 pairs) and a decrease of 
GLUT 4 labelling in the LDM-fraction by 1.6 _+0.7 SEM fold 
(n = 9 pairs) 
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Using this p ro toco l  we previous ly  ob ta ined  a 15-  
18 fold enr ichment  of  the ouaba in  sensit ive N a + / K  § 
A T P a s e  activity ( enzyme  assay),  which is a m a r k e r  for  
PM. In  the p resen t  s tudy the  en r i chmen t  of  Na+ /K  + 
A T P a s e  was d e t e r m i n e d  by  i m m u n o b l o t s  using anti- 
bodies  against  cd  N a §  + ATPase .  We ob ta ined  a 
c o m p a r a b l e  en r ichment  of  this m a r k e r  p ro te in  in the 
different  p repa ra t ions  (Fig.3).  Accord ing  to recent  
data  publ i shed  by  D o u e n  et al. [25] Mg + +ATPase  ac- 
tivity might  be  used as a m a r k e r  for  TT. The  activity of  
this enzyme  was 1.3 + 0.06 g m o l .  1-1pi. m g  1. m i n -  1 in 
the h o m o g e n a t e  and 7 . 0 2 9 + 0 . 9 g m o l . l - 1 p i . m g  -1. 
m i n -  1 in the P M  + TT-enr iched  fraction. This suggests 
that  the  PM-f rac t ion  contains not  only p lasma  m e m -  
b ranes  but  is also enr iched with t ransverse  tubules  
(PM + TT-fract ion) .  

T h e  a m o u n t  of  G L U T  4 in the  different  m e m b r a n e  
fract ions of  skeletal  muscle  was d e t e r m i n e d  by  immu-  
noblots .  Figure  4 shows a r epresen ta t ive  au toradio-  
g r am f r o m  Wistar  rats  which clearly demons t r a t e s  the  
insul in- induced increase  of  G L U T  4 in the PM- and 
TT-enr iched  f ract ion and the  concomi tan t  decrease  in 
the L D M - e n r i c h e d  fraction.  In  the lower  par t  of  the fig- 
ure  the samples  were  i m m u n o b l o t t e d  with G L U T  1. In  
contras t  to G L U T  4 no insulin-induced redis t r ibut ion 
of G L U T  1 is detectable .  The  expe r imen t  was per-  
f o r m e d  four  t imes and the aud io rad iograms  were  
quant i f ied by  scanning dens i tome t ry  of  the  respect ive  
bands.  T h e  insulin-induced increase  in the PM + TT- 
f ract ion labell ing of G L U T  4 was 2.9 + 1.8 S E M  fold 
(n = 4 pairs),  the  decrease  in the L D M - f r a c t i o n  was 
1.3 + 0.2 S E M  fold (n = 3 pairs).  

The  analogous  expe r imen t  was p e r f o r m e d  with lean 
Z u c k e r  Rats.  A represen ta t ive  a u t o r a d i o g r a m  is shown 
(Fig. 5). As  with the  Wistar  rats  an insulin-induced in- 
crease  of G L U T  4 in the  P M  + TT-f rac t ion  and a corre-  
sponding decrease  in the L D M - f r a c t i o n  is visible. 
Again,  t he re  was no insulin effect  de tec tab le  on  the  dis- 
t r ibut ion  of G L U T  1 in the respect ive  m e m b r a n e - f r a c -  
t ions (da ta  not  shown).  W h e n  all the  exper iments  were  
quant i f ied by  scanning dens i tome t ry  an insulin-in- 
duced increase  of  2 + 1.7 S E M  fold (n = 6 pairs)  and  an 
insul in- induced decrease  of  1.9 + 1.3 S E M  (n -- 6 pairs)  
was found.  D u e  to the  high individual  var ia t ion  in 
t rans loca t ion  efficiency and the  relat ively small  num-  
ber  of  animals  used in the  s tudy (n = 4 p a i r s  to 
n = 6 pairs  pe r  g roup)  we did not  find statistically signi- 
f icant differences  b e t w e e n  Wistar  rats  and lean Z u c k e r  
rats. However ,  we could not  exclude that  a larger  s tudy 
might  reveal  m ino r  differences.  While  G L U T  4 was 
clearly t rans loca ted  in all samples  we could not  detect  
any insulin effect  on G L U T  1. 

F igure  6 shows the effect  of  insulin on G L U T  4 la- 
bell ing in P M  + TT- and LDM-f rac t ions  of  skeletal-  
muscle  f rom obese  Z u c k e r  rats. Again ,  the  repre -  
senta t ive  a u t o r a d i o g r a m  clearly exhibits  an insulin-in- 
duced increase in the P M  + TT-fract ions  and the corre-  
sponding decrease  in the LDM-f rac t ion .  We quant i f ied 
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Fig.7. Synopsis of the indi- 
vidual values of GLUT 4 
increase in the plasma mem- 
branes (PM) and decrease in 
the low density membranes 
(LDM) of the animals 
studied 

cant and could only be attributed to the relatively small 
number of animals included in the study. The data 
clearly show that after 20 rain of insulin stimulation no 
significant difference was detectable between obese 
Zucker rats compared to lean Zucker rats or Wistar 
rats. There was a high individual variation within the 
three groups. 

To search for possible differences in the kinetics of 
the insulin effects on GLUT 4 translocation we per- 
formed experiments applying short-term insulin stimu- 
lation. These experiments were done by insulin injec- 
tion in the portal-vein followed by killing of the animal 
after 2 rain. Figure 8 shows an autoradiogram of mem- 
brane fractions obtained after 2 min of insulin stimula- 
tion. We then detected a slight decrease in LDM label- 
ling and a slight increase in PM + TT labelling. This ef- 
fect was observed both in lean and obese Zucker rats. 
Thus, even after short-term insulin stimulation we were 
unable to detect clear differences between insulin re- 
sistant and lean Zucker rats. 

Fig.& Autoradiogram of GLUT 4 in plasma membrane (PM) 
and low density membrane (LDM) fractions of skeletal muscle 
from lean and obese Zucker rats. In contrast to previous experi- 
ments (Figs.d-6) animals were injected with insulin (1 ml of 
10- 5 mmol/1) into the portal vein and killed 2 min after injection. 
Membrane fractions were prepared as described in the Methods 
section and in Figure 1. Membrane proteins were separated by 
SDS-PAGE and transferred to nitrocellulose and blotted with 
GLUT 4 and GLUT 1, respectively. The values were quantified 
by scanning densitometry. Insulin induced an increase of 
GLUT 4 labelling in the PM fraction by 1 fold (lean) or 1.6 fold 
(fa/fa) and a decrease of GLUT 4 labelling in the LDM fraction 
by 1.1 fold (lean) or 1.2 fold (fa/fa). The experiment was re- 
peated once 

LDM-fractions from ten pairs of animals by scanning 
densitometry and found a decrease of 1.6 + 0.7 SEM 
fold in the LDM-fraction induced by insulin. PM + TT- 
fractions were determined from 10 pairs of animals. 
There was an insulin-induced increase in the PM + TT 
labelling of 2.3 + 1.7 SEM fold, as determined from the 
scanning data of six independent experiments. In four 
additional experiments we detected very efficent trans- 
location of GLUT 4; however, we were not able to 
quantitate the data as fold increase of basal value since 
the basal levels were undetectable by scanning densito- 
metry. 

A synopsis of the individual values of all animals is 
shown in Figure 7. Although mean values between the 
groups slightly differed this was not statistically signifi- 

Discussion 

Several studies have previously shown insulin resist- 
ance as well as a reduction of the basal rate of glucose 
transport in the skeletal muscle of Zucker and diabetic 
rats [10-13]. The present study was undertaken to as- 
sess whether this could be accounted for by a defect of 
the glucose transport system. GLUT 4 is the major in- 
sulin-regulatable glucose transporter. Since GLUT 4 
expression levels are unaltered in the skeletal muscle of 
Zucker rats we decided to screen for defects in GLUT 4 
transport activation at the level of translocation. Injec- 
tion of the animals with insulin at doses which were 
shown to lower blood glucose levels, led to transloca- 
tion of GLUT 4 from LDM to PM-fractions in the 
skeletal muscle of Wistar rats, lean Zucker rats and 
obese Zucker rats. Although mean values of transloca- 
tion differed slightly between the three groups we do 
not consider this as significant due to large individual 
variations within the groups. We therefore conclude 
that there is no major defect in GLUT 4 translocation 
in fa/fa-rats. Several considerations led us to this inter- 
pretation of the data. The study compares GLUT 4 le- 
vels of insulin-injected animals with those of untreated 
animals. It is impossible to completely rule out that 
GLUT 4 content in internal or surface membranes 
might vary individually under basal conditions. How- 
ever, in our hands the GLUT 1 content in the mem- 
brane fractions was very similar. GLUT i is not translo- 
cated upon insulin stimulation and was used as an inter- 
nal protein standard. The autoradiograms showing 
GLUT 4 and GLUT 1 in parallel clearly demonstrate 
that the insulin-induced increase of GLUT 4 content in 
the plasma-membrane is, when compared to the 
amount of GLUT 1, clearly significant for all groups. 
Incorrect matching of membranes was excluded by 



parallel  immunoblo ts  with 0~1 Na+/K + ATPase  anti- 
bodies. A n o t h e r  variable concerns the insulin concen-  
trat ions finally reached  in vivo. Insulin doses were  
matched  according to their  effect on  b lood  glucose. 
Glucose  levels were  significantly lowered in all groups 
but  always remained  within the physiological range,  
none  of the animals became  hypoglycaemic.  With the 
present  exper imenta l  design it is impossible to establish 
dose-response  curves of glucose t ranspor te r  transloca- 
tion. The re fo re ,  we cannot  exactly de te rmine  whe the r  
the individually observed  effects on t ranslocat ion are 
the result  of  maximal  or only submaximal  effective in- 
sulin concentrat ions.  In this respect  different  individual 
kinetics of insulin action could influence the results. 
However ,  the shor t - term insulin st imulation experi-  
ments  suggest that  there  is no major  d i f ference con- 
cerning the onset  of the  insulin effect. W h e t h e r  this is 
also t rue for  long- term kinetics is not  clear. Consider ing 
these limitations of  the exper imenta l  p rocedure  the re- 
sults of  ou r  s tudy cannot  be in te rpre ted  in a quanti ta-  
tive way. Subtle  differences in kinetics or dose-re-  
sponse curves of G L U T  4 translocation,  which we can- 
not  measure  with our  assay, might  be re levant  for  skele- 
tal muscle insulin resistance of  these animals. The  data  
are, however,  sufficiently control led  to conclude that  
obviously t ranslocat ion of G L U T  4 is inducible in the 
skeletal  muscle of fa/fa rats. This finding is in m a r k e d  
contrast  to a recent ly  publ ished repor t  [11]. The  auth- 
ors of the  study were  not  able to detect  G L U T  4 trans- 
locat ion in fat ty Zucke r  rats. The re  are several  possible 
explanat ions for the discrepancy of the results. Th e  
model  of  the Zucke r  rat  might be  more  he te ro logous  
than has be e n  cons idered  so far. The re  might be  sub- 
types in di f ferent  strains with different  mechanisms 
contr ibut ing to overall  insulin resistance. A n o t h e r  vari- 
able tha t  could influence the results is the composi t ion  
of the m e m b r a n e  fractions. Mare t t e  et  al. [26] have re- 
cently shown that  t ranslocat ion of  G L U T  4 occurs bo th  
in the PM and in the TT-sys tem [26]. While we obta ined  
a 5.4-fold enr i chement  of TT-specific enzymes,  King 
et al. [11] found  a decrease  (0.6-fold) in TT-specific 
enzymes.  It  is conceivable that  the site of  t ranslocat ion 
is a l tered in the insulin-resistant animals. Accord ing  to 
the ma rke r  enzymes  the PM-frac t ion  in our  case con- 
tains a mixture  of  PM and TT. Despi te  similar insulin- 
induced increases of G L U T  4 in this f ract ion the re  
might be  differences in the subcellular distr ibution be- 
tween P M and T T  be tween  the groups. This will be  im- 
por tan t  to  clarify in the future.  It is possible that  in the 
s tudy of King et al. [11] the authors  were  unable  to de- 
tect  t ranslocat ion because  their  p repara t ion  contains 
ano ther  subset of  membranes  or  just one  type of  mem-  
b rane  i. e. only PM. 

In summary,  we demons t ra te  he re  that  insulin in- 
duces t ranslocat ion of  G L U T  4 in the skeletal  muscle 
of insulin-resistant Zucke r  rats to a similar extent  as in 
insulin-sensitive controls.  We can the re fo re  exclude the 
possibility of  a comple te  lack of G L U T  4 t ranslocat ion 
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as a reason  for  the pathological  al terations in Zucke r  
rats, suggesting that  o ther  mechanisms are responsible  
for  the insulin resistant state. However ,  fu ture  studies 
have to establish whe the r  there  is a difference in the 
target t ing of G L U T  4 to PM or TT. 
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