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SUMMARY. Exposure of 3T3-LI adipocytes to 7.0 nM insu l in  for  120 min at 37°C 
induced a progressive increase in cel l  accumulation of 3H-D-glucose and the 
incorporat ion of i t s  3H into l i p i d .  Membrane vesicles prepared from these 
same metabol ical ly  responsive ce l ls  ac t ive ly  accumulated Ca 2+, Insul in t rea t -  
ment of 3T3-LI ce l ls  had no ef fects on the N3-insensi t ive or N3-sensit ive Ga z* 
accumulation or on the passive Ca 2+ e f f l ux  from the membrane vesic les.  CaZ+ 
concentration studies showed no changes in K m or Vmax of the calcium uptake. 
Thus, i nsu l i n ' s  ef fects on 3T3-LI adipocyte metabolism appear to be independent 
of stable a l tera t ions in these systems. 

I t  has been postulated that the effects of insulin are mediated by the 

redistribution of subcellular Ca 2+ (1). Several enzymes, most of which are 

cytoplasmic, are regulated by insulin and are sensitive to changes in Ca 2+ con- 

centration (2-8). Moreover, insulin treatment of some cell types has been 

reported to affect both the Ca 2+ fluxes in intact cells (9-12) and the Ca 2+ 

handling by subcellular fractions prepared from these hormone-treated cells 

(13-15). The means by which insulin alters subcellular calcium remains un- 

known. 

An important candidate for the regulation of subcellular Ca 2+ is the N 3- 

insensitive Ca 2+ transport system present in membrane vesicles from a variety 

of cells including fat (16), l iver (17) and cultured cells (18-19). The 

characteristics of this calcium uptake are similar to those of the energy- 
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dependent Ca 2+ uptake system in the sarcoplasmic reticulum in muscle (20), 

Insul in has been reported to a l te r  this Ca 2+ transport in non-muscle ce l ls ;  

however, the observed effects have been contradictory: The N3-insensitive 

Ca 2+ pump of adipocytes was increased by insul in (13) while that of hepato- 

cytes was decreased (14) or unchanged (15). 

We have examined the effects of insul in on metabolism and on subcellular 

Ca 2+ transport using 3T3-LI adipocytes. These cel ls are a subclone of mouse 

3T3 f ibroblasts that progressively acquire the character ist ics of mature 

adipocytes in culture (21) and develop a sens i t i v i t y  to physiologic concentra- 

tions of insul in (22-24). In response to 7.0 nM insul in for 10-120 min, 3T3- 

L1 adipocytes demonstrated an increase in 3H-D-glucose accumulation and a 

st imulation of i ts  3H incorporation into total l i p id .  A non-mitochondrial 

Ca 2+ transport system has been studied in homogenates of these same hormone- 

sensit ive cel ls and found to be unchanged by insul in treatment. 

MATERIALS AND METHODS. BSA (Fraction V) used in the protein assay was obtained 
from Calbiochem while that used in the KRP buffer was from Reheis Chemicals. 
45CaClp (25 mCi/mg), 3H-3-D-glucose (I0 Ci/mmol) and Omnifluor were purchased 
from NEw England Nuclear. NA and PCS l iqu id  s c i n t i l l a t i o n  cocktai ls were 
from Beckman Instruments, Inc. and Amersham Corp., respectively. Al l  other 
chemicals were of reagent grade qual i ty and from standard sources. All solu- 
tions were prepared with water deionized by a double-chambered, mixed bed ion- 
exchange system and f i l t e red  through a 0.12 um pore size f i l t e r  from Continental 
Water. A small Ca Z+ contamination in a l l  reagents was monitored by atomic 
absorption and included in al l  calculations of experimental data. Insul in was 
from Eli L i l y  and Co. 

Cell Culture. 3T3-LI preadipocytes (American Type Culture Collection) 
were grown as described (21). Di f ferent iat ion into adipocyte-l ike cel ls was 
induced by treatment with 0,25 ~M dexamethasone and 0.5 mM MIX for 2 days (25) 
followed by I0 ~g insulin/ml for 5 days (26). 3T3-LI adipocytes were then 
maintained in medium without added hormones for at least 2 days. The medium 
was changed twenty-four hours pr ior  to use of the ~el ls. 

3H-Glucose Accumulation and Incorporation of °H Into Lipid. These two 
metabolic processes were assessed using a technique developed by Moody et al.  
(27). Cell monolayers were gently washed 3 times with I0 ml of KRP-I% BSA 
buffer, pH 7.4, and then incubated with and without 7.0 nM insul in~in KRP-I% 
BSA buffer,  pH 7,4, containing 0.25 mM D-glucose plus a tracer of ~H-3-D- 
glucose at 37°C for the time specif ied. The reaction was terminated by 
decanting the incubation mixture and washing the monolayers twice with cold 
KRP-I% BSA, pH 7.4, and twice with cold I0 mM Tris buffer, pH 7.4. Cells were 
scraped of f  with a rubber policeman and ruptured at 4°C with 15 strokes in a 
Dounce homogenizer using a t i g h t - f i t t i n g  pestle. Aliquots of the total  homo- 
genate were added to each of the PCS and Omnifluor l iquid sc i n t i l l a t i on  cock- 
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t a i l s  and counted for  3H. The amount of radioisotope found in the PCS samples 
represented the tota l  3H-D-glucose taken into the cel ls  whi le that found in 
the Omnifluor samples was the JH incorporated into the tota l  l i p i d  f rac t ion .  

Ca2+ Uptake. The to ta l  homogenate was centr i fuged at 600 x g for  I0 min 
at 4°C to remove nucle i ,  cel l  debris and unbroken ce l l s .  The uptake of Ca2+ 
by membrane vesicles found in the supernatant f rac t ion was studied using 45Ca 
and a rapid M i l l i po re  f i l t r a t i o n  method (16). The standard uptake assay was 
performed at 37°C fo r  I0 min with an incubation mixture at pH 6.8 containing 
0.I0 M KCI, 0.0~ M imidazole, 5mM MgCI~ and ATe, I0 mM NaN 3, I0 mM K oxalate 
and an added Ca Z+ of a 5 ~M plus a tra~er of 4bCaCI2. The assay was i n i t i a t e d  
by the addit ion of about 20 ~g protein and the uptake was terminated by 
Mi l l i po re  f i l t r a t i o n  of 250 ~I al iquots of the incubation mixture. The 
f i l t e r s  were immediately washed with three 5 ml port ions of cold 0.25 M suc- 
rose and then a i r -d r ied .  45Ca 2+ was measured by l i qu id  s c i n t i l l a t i o n  counting. 
Non-specif ic binding of Ca2+ was accounted for  with control tubes containing 
no protein.  The observed cpm were converted to nmol Ca 2+ by comparison with 
standard al iquots of the incubation mixture dr ied on f i l t e r s  and counted. 
Uptake was expressed in terms of nmol Ca2+/mg protein in the 600 x g super- 
natant f rac t ion ,  

Studies of Insul in Effects.  Paired cel l  monolayers were washed and in- 
cubated with or without 7.0 nM insu l in  for  I0 to 120 minutes. 3H-glucose 
accumulation and incorporat ion of 3H into l i p ids  were assessed as described 
above. Another a l iquot  of the homogenate was used to measure Ca 2+ uptake, 
Thus, in each study of i nsu l in ' s  e f fec t  on Ca2+ uptake, the metabolic response 
of the ~el ls to insu l in  was measured. 

z+ Ca Ef f lux .  Ef f lux was assessed in a manner s imi la r  to Ca 2+ transport .  
However, membrane vesicles were preloaded with Ca 2+ and 45Ca 2+ by incubating 
in the same assay medium but omitt ing the oxalate. EGTA (I mM) was then 
added to prevent fu r ther  accumulation of 45Ca2+. The amount of Ca2+ remain- 
ing wi th in  the vesicles was determined by Mi l l i po re  f i l t r a t i o n  and l i qu id  
s c i n t i l l a t i o n  counting. Ef f lux  was calculated as the percent Ca 2+ remaining 
inside the vesic les compared to the tota l  Ca 2+ present before adding EGTA. 

Protein Measurement, Protein was measured by the method of Lowry et al .  
(28) using BSA as the standard. 

S ta t i s t i cs .  P values were determined using a paired studdent's T tes t .  

RESULTS AND DISCUSSION 

As i l l u s t r a t e d  in Figure I ,  insu l in  enhanced the accumulation of 3H-D- 

glucose (c i rc les }  into 3T3-LI adipocytes as well as incorporat ion of i t s  3H 

into to ta l  l i p i d  (squares) over a 120 min incubation period, The hormone 

e f fec t  on 3H incorporat ion into l i p i d  tended to be s l i g h t l y  greater but was 

not s i gn i f i can t l y  d i f f e ren t  from the insul in  e f fec t  on sugar accumulation 

(p >0. I0) .  

Membrane vesicles in the 600 x g supernatant f ract ions prepared from these 

same hormone-sensitive 3T3-LI adipocytes accumulated Ca 2+, Under the standard 

assay condit ions, the Ca 2+ uptake was energy-dependent as indicated by a 98% 

decrease in the absence of ATP. The omission of oxalate, which acted as a 
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Figure 1 )+Insul in 's Effects on 3T3-LI Adipocyte Glucose Metabolism and 
Subcellular Ca L. Transport 3 

Cell accumulation of H-D-glucose (c i rc les) ,  i ts  incorporation of 3H 
into l ip id  (squares) and Ca2+ uptake (open inverted tr iangles) were measured 
as described in the methods section. Passive Ca 2+ binding (closed tr iangles) 
was determined by assaying for uptake in the absence of ATP and oxalate. 
Fold stimulation by insul in was the rat io  of cpm/mg protein for hormone- 
treated cel ls compared to cpm/mg protein for control cel ls.  Values are the 
means + standard error of 3 or 4 experiments, each done in duplicate. 

trapping agent fo r  the Ca 2+ w i th in  the ves ic les  (29),  resul ted in a 92% de- 

crease in t ranspor t .  This s t imu la t i on  by oxalate suggested that  Ca 2+ was 

t ranslocated in to  the membrane ves ic les and was not j u s t  bound to t h e i r  ex- 

t e r i o r ,  The amount of mitochondr ia l  Ca 2+ t ranspor t ,  as judged by the N3-sen- 

s i t i v e  Ca 2+ uptake, was about 14% of the to ta l  a c t i v i t y .  

I nsu l i n  treatment of the d i f f e r e n t i a t e d  ce l l s  over a course of  120 min 

had no e f fec ts  on the N3- insens i t i ve  Ca 2+ uptake or on the passive Ca 2+ binding 

measured by omi t t ing ATP and oxalate from the assay (F ig .  I ) .  The N3-sensi t ive 

Ca 2+ t ranspor t  was s i m i l a r  fo r  membrane ves ic les  from untreated and hormone- 

t reated ce l l s  (1.7 + 0.3 and 2.1 + 0.2 nmol Ca2+/mg pro te in / lO  min, respec- 

t i v e l y ,  p >0.05). Moreover, the addi t ion of i n su l i n  d i r e c t l y  to the ves ic les  

p r i o r  to assay did not a l t e r  the uptake a c t i v i t y .  

Ca 2+ uptake and e f f l u x  by the membrane ves ic les was unaffected by t r e a t -  

ment wi th 7.0 nM i nsu l i n  fo r  I0 min. Ca 2+ uptake was l i nea r  up to 30 min 

(Figure 2, panel A). Hormone exposure did not a l t e r  the uptake a c t i v i t y .  

Ca 2+ e f f l u x  by membrane ves ic les  from i n s u l i n - t r e a t e d  and control  ce l l s  were 

also not d i f f e r e n t  (Figure 2, panel B). Although not shown, i n su l i n  treatment 
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Fiqure 2 - Insulin's Effects on Ca 2+ Uptake and Efflux from 3T3-LI 
Adipocyte Membrane Vesicles. 

Cells were treated with (triangles) and without (circles) 7.0 nM insulin 
for lO min at 37°C. Ca 2+ transport (panel A, closed symbols) and efflux 
(panel B, open symbols) were assayed as given in the methods section. Values 
are the mean + standard error of 3 paired experiments, each done in 
duplicate samples. 

for 90 min rather than I0 min produced no signif icant changes in Ca 2+ uptake 

or eff lux. The patterns were similar to those shown in Fig. 2. 

The kinetic parameters of the 3T3-LI adipocyte Ca 2+ transport system 

were also unaffected by insulin treatment for lO or 90 min. Figure 3 demon- 

strates that the Ca 2+ uptake by membrane vesicles from untreated (open circles) 

and hormone-treated (closed triangles) cells for 90 min were substrate-depend- 

ent and saturable. Their transport act iv i t ies were similar at each of the 

Ca 2+ concentrations (p >O.lO). The Eadie-Hofstee plots of their Ca 2+ dose 

response were l inear, suggesting a single class of Ca 2+ transport sites. This 

was further supported by a calculated Hil l  coeff icient of 0.9. Analysis of 

three paired experiments by Eadie-Hofstee kinetics yielded an apparent K m of 

18.3 ~ 0.3 ~M total Ca 2+ for control cells and 19.2 ~ 0.5 ~M for insulin- 

treated cells (p >0.05). On the basis of ionized Ca 2+ (30), both had a K m of 

3.9 ~O. l  ~M, The Vma x were 9.2 ~ l . l  and 9.4 ~2.0  nmol Ca2+/mg protein/min 

for untreated and hormone-treated 3T3-LI adipocytes, respectively (p >0.60). 

Moreover, their Ca 2+ uptake act iv i t ies were similar when transport was assayed 

in the presence of excess Ca 2+ and EGTA (450 and 500 uM, respectively) to 

minimize any possible differences in Ca 2+ contamination (8.4 ~ 0.8 and 

8.2 ~ 1.5 nmol Ca2+/mg protein/min, respectively, p >0.70). 
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Figure 3 - I n s u ] i n ' s  Effects on the Ca 2+ Dose Response of Ca 2+ Transport 
by 3T3-L] Adipocyte Membrane Vesicles. 

Ce]ls were treated with (closed t~ian9]es) and without (open circles) 
7.0 nM insul in for 90 min at 37°C. CaZ+~uptake was measured as described 
in the methods section; and the total Ca L+ concentration was varied from 2 
to 52 uM. The inset contains the Eadie-Hofstee plots of the presented data. 
The lines were drawn by l inear regression analysis. Values are the means 
+ standard error of 3 paired experiments performed in duplicate samples. 

Shorter exposure to i nsu l i n  ( I0  min) also resul ted in no a l t e ra t i ons  in 

Km or Vmax. The resu l t s  of these experiments were as shown in Figure 3. 

In summary i nsu l i n  produced no stable changes in the subce l lu la r  calcium 

uptake system which we have studied in 3T3-LI c e l l s .  This f ind ing  cannot be 

a t t r i bu ted  to hormonal unresponsiveness of the ce l l s  since responses to in -  

su l i n  were documented in each experiment using 3H-D-glucose. The data do not 

exclude e f fec ts  of i nsu l i n  on calcium handling by the plasma membranes (31, 

32), since calcium uptake in our system was decreased only s l i g h t l y  by 

d i g i t on in  (Bruns, D.E. Unpublished). However, the resu l t s  suggest that  i n -  

s u l i n ' s  e f f ec t  on microsomal calcium uptake in adipocytes is  unimportant in 

the general mechanism of the hormone's act ion.  
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