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Abstract HGFu and Obl7 are cell lines derived from adipose tissue of lean (+/7) and ob/ob mice, respectively 
Neither adenylyl cyclase activity nor G protein abundance and subcellular distribution have been assessed previously in 
these cells Cyclase activity was low and resistant to catecholamine stimulation in both cell lines However, the enzyme 
could be stimulated to high levels by forskolin and Mn2+ G,a (largely the long isoform), G,a2, and GP were the major G 
protein subunits identified. The levels of G protein mRNA expression were similar in both cell lines and, unlike actin 
expression, did not change as a result of differentiation lmmunoblotting and ADP-ribosylation of the G peptides 
corroborated these results Assessment of the subcellular localization of the subunits by indirect epifluorescence and 
scanning confocal microscopy showed that each of the subunits had a characteristic subcellular pattern G,a showed 
vesicular cytoplasmic and nuclear staining, G,a2 colocalired with actin stress fibers and disruption of these structures 
altered the distribution of G,a2; p subunits showed some colocalization with the stress fibers as well as a cytoplasmic 
vesicular and nuclear pattern. As a result of differentiation, there was reorganization of the actin, together with the G,a2 
and p fibrous patterns. Both cell lines showed similar modifications. The induction of differentiation in these cells is 
therefore not associated with changes in adenylyl cyclase activity nor of the abundance of G-protein subunits, although 
reorganization of some of these subunits does accompany actin reorganization 
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Effector systems such as adenylyl cyclase, 
phospholipase C, and several ion channels are 
regulated by G-proteins [Birnbaumer et al., 
19901. These proteins are considered to  be asso- 
ciated with the plasma membrane allowing them 
to interact with both membrane receptors and 
effectors [Gilman, 19871 and their presence in 
tissues is normally assessed in membrane prepa- 
rations. 

The nature of the association of G-protein 
subunits with the membrane is not well under- 
stood but it is now evident that some of these 
subunits need to be modified [Buss et al., 1987; 
Lai et al., 1990; Maltese, 1990; Maltese and 
Robishaw, 1990; Muntz et al., 19921 prior to 
membrane interaction. Recent evidence also in- 
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dicates that there is translocation of the peptides 
upon activation [Iyengar et al., 1988; Rotrosen 
et al., 1988; Crouch et al., 1989; Premont and 
Iyengar, 1989; Haraguchi and Rodbell, 19901 
and during cell division [Crouch, 19911. 

Recent immunocytochemical studies have sug- 
gested that some of the peptides are associated 
with other cellular structures as well as with 
plasma membranes. For example, p subunits 
have been found in the cytoplasm [Wang et al., 
1989; Muntz et al., 19921, G,a subunits in cyto- 
plasm and lysosomes [Lewis et al., 19911, G,a in 
the cytoplasm [Brabet et al., 19881, Gp in the 
Golgi apparatus [Ercolani et al., 1990; Wilson et 
al., 19921, and Gp2 with basolateral membranes 
[Holtzman et al., 19911. 

Previous studies have demonstrated that in 
membranes derived from mature epididymal ad- 
ipocytes of obese mice, there is anomalous ade- 
nylyl cyclase activity [Begin-Heick, 19851 and 
lower abundance of G-protein [Begn-Heick, 
1990; Gettys et al., 19911 compared to adipo- 
cytes derived from lean (+ / +) mice. So far, no 
studies of adenylyl cyclase regulation or G-pro- 
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tein abundance and distribution have been car- 
ried out in the clonal cell lines, HGFu and Ob17, 
derived from adipose tissue of lean (+ /?) and 
obese (obiob) mice, respectively [Negrel et al., 
1978; Forest et al., 19831. However, changes in 
expression and cellular distribution of G-pro- 
teins in differentiating 3T3 cells have been de- 
scribed [Lai et al., 1981; Watkins et al., 19891 
and more recently Wang et al. [19921 have sug- 
gested a role for G-proteins in differentiation. 

The purpose of the present study was two- 
fold: first, to assess adenylyl cyclase activity and 
G-protein levels in HGFu and Ob17 cells and 
find out whether there are variations during 
differentiation. Second, to examine the intracel- 
lular localization of G-proteins in these cells and 
to determine whether differentiation is associ- 
ated with changes in their distribution. 

MATERIALS AND METHODS 
Materials 

[C~-~~P]-ATP,  [3H]-cAMP, L3H]-AMP, and [32Pl- 
NAD were obtained from New England Nuclear 
Corporation (Lachine, Quebec, Canada). [ Y - ~ ~ P I -  
ATP, [ ( X - ~ ~ P I - ~ C T P ,  Pz5-I1-goat anti-rabbit IgG, 
Hybond nylon membrane, and the multiprime 
labeling kit were from Amersham Canada, Ltd. 
(Oakville, Ontario, Canada). Caffeine, ATP (cat. 
number A-2383, prepared by the phosphoryla- 
tion of adenosine), CAMP, creatine phosphate 
(Tris salt), creatine phosphokinase, myokinase, 
( -  )-isoproterenol, salmon sperm DNA, dextran 
sulphate, cytochalasin D, and demecolcine were 
from the Sigma Chemical Co. (St. Louis, MO). 
GTP was from PL Biochemicals, (Milwaukee, 
WI). Cholera and pertussis toxins were from 
List Biochemicals (Campbell, CA). Universola 
was from ICN Biomedicals Corp. (Montreal, Que- 
bec, Canada). Cell culture reagents were from 
GIBCOIBRL, Life Technologies, Inc. (Burling- 
ton, Ontario, Canada). The G-protein antibodies 
specific for Gial/Gia2 (NEI-8011, Gsa (NEI- 
805), and GP (NEI-807) were from NEN, Du- 
pont Canada (Mississauga, Ontario, Canada). 
TRITC conjugated phalloidin was from Molecu- 
lar Probes, Inc. (Eugene, OR). Con A-FITC or 
-TRITC and WGA-FITC or -TRITC were from 
Dimension Lab., Inc. (Mississauga, Ontario, Can- 
ada) and FITC-goat anti-rabbit were from Bio/ 
Can scientific, (Toronto, Ontario, Canada). 

Cell Lines 

Ob17 and HGFu cell lines were generously 
provided by Dr. U. Kozak, Jackson Laborato- 

ries, Bar Harbor, ME. The cells were grown in 
Dubelco-modified Eagle’s medium (DME) con- 
taining 10% fetal calf serum supplemented with 
penicillinistreptomycin (200 U i  100 p,g/ml, re- 
spectively) and fungizone (0.25 kg/ml). Cells 
were induced to differentiate by adding insulin 
(17 nM) and T3 (2 nM) to the cultures at conflu- 
ence. The experiments were conducted with cul- 
tures at confluence (undifferentiated) or 6 days 
after the addition of insuliniT, (differentiated). 
Some experiments were also conducted in cells 
exposed to isobutylmethylxanthine + dexameth- 
asone for 48 h, following the induction of differ- 
entiation with insulin/T3. The results obtained 
with such cells were identical to those shown for 
insulin/T3 alone. 

For RNA and membrane preparations, cells 
were grown in 100 mm dishes. For the immuno- 
cytochemical studies, they were grown on glass 
cover slips in 35 mm dishes. In some experi- 
ments, cells were grown in the presence of 100 
ng/ml pertussis toxin for 1-24 h. Cells treated 
with cytochalasin B or colchicine (2 p,g/ml) were 
exposed to these compounds for 4 .h. 

Membrane Preparation 

The cells were scraped from the plates, washed 
in 10 mM potassium phosphate buffer pH 7.4 
containing 1 mM EDTA and 1 mM DTT, and 
homogenized by hand. The homogenate was cen- 
trifuged for 15 min at 15,OOOg. The pellet was 
washed and rehomogenized three times and the 
final pellet resuspended in 10 mM potassium 
phosphate pH 7.4 containing 1 mM EDTA, 1 
mM DTT, 40 p,M leupeptin, and 1 p,g/ml trypsin 
inhibitor and aliquots frozen at - 70°C. 

Preparation of Nuclei 

This was done essentially by the method de- 
scribed by Leach et al. [1989I; 25 pg of nuclear 
protein was subjected to electrophoresis and 
immunodetection as described below. 

Protein Determination 

The protein content of the membrane frac- 
tions was determined by the Coomassie Blue 
method, using bovine serum albumin as the 
standard [Bradford, 19761. 

Adenylyl Cyclase Assay 

This was carried out essentially as described 
by Begin-Heick [1985I. 
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Fig. 1 .  Lipid accumulation in differentiating HGFu and Ob17 cells HGFu and Obl7 cells were grown to 
confluence (A and C )  and cultured for 7 days in medium containing 1 7  nM insulin and 2 nM Ti (B  and D). 
The cultures were stained with Oil Red 0 as described in the Methods section Arrows indicate lipid 
droplets 

ADP-Ribosylation of Membranes With Cholera 
and Pertussis Toxins 

munofluorescene Staining, page 466) were well- 
characterized commercial antibodies that had 
been shown to be specific for the G-proteins tested 
[Goldsmith et al., 1988; Simonds et al., 19891. This was done essentially according to the 

method of Ribeiro-Net0 et al. [19871 as de- 
scribed in detail recently [Begin-Heick, 19901. RNA Preparation and cDNA Hybridization 

SDS-PACE and lmmunoblotting Total RNA prepared by the guanidinium- 
thiocyanate method [Chomczynski and Saachi, 

Proteins were separated in 10% (w/v) acryl- 
amide gels. To resolve the pertussis toxin sub- 
strates, urea-containinggels were employed [Be- 
gin-Heick, 19921. Immunoblotting was carried 
out as previously described [McFarlane-Ander- 
son et al., 19921. The antibodies used for immu- 
noblotting and immunocytochemistry (see Im- 

19871 was used to  prepare Northern blots. The 
mouse GP [McFarlane-Anderson et al., 19921; 
G,al, G,(x3, and G,a a g f t  from Dr. R. Reed 
[Jones and Reed, 19871 and G,a and G,a2 cDNAs 
[Sullivan et al., 19861 a gift from Dr. S. Masters 
(University of California, San Francisco, CA) 
were used in multiprime DNA labeling reactions 
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TABLE I. Adenylyl Cyclase Activity in HGFu and Ob17 Clonal Cells* 

HGFu Ob17 
Confl Diff Confl Diff 

Basal (pmol/mg) fold stimulation by: 2.3 -+ 0.26 2.4 t 0.60 2.2 t 0.26 2.1 f 0.42 
0.1 mM GTP 1.3 5 0.1 1.6 e 0.3 1.8 f 0.4 1.4 ? 0.3 
0.1 mM GpptNHIP 6.1 t 0.7 9.9 t 1.2 6.9 f 1.0 10.2 t 0.7 
0.01 mM GTPyS 12.2 ? 0.2 14.0 5 1.2 13.9 f 2.0 15.2 t 3.2 

1.6 f 0.4 0.001 mM INA + GTP 
0.1 mM INA + GTP 1.7 t 0.4 2.2 ? 0.4 2.2 t 0.2 2.3 f 0.5 
10 mM NaF 7.6 ? 0.9 5.3 f 1.0 7.3 f 3.0 4.5 t 0.8 
NaF + A13 66.4 f 4.6 35.3 f 2.0 41.8 ? 12.0 35.5 f 8.9 
5 mM Mn2+ 6.5 t 0.8 3.6 f 0.1 6.0 t 0.5 4.1 f 0.7 
0.1 mM Forskolin 42.6 5 3.0 29.3 f 2.8 30.2 f 11.5 18.9 -+ 3.5 
Forskolin + Mn2+ 293 f 25.5 203 t 35.3 192 t 21.9 157 t 33.8 

1.5 ? 0.1 1.2 f 0.2 1.5 -+ 0.1 

*Adenylyl cyclase activity was measured in membrane preparations of confluent and differentiated cells, as described in the 
method section. Basal values are expressed as pmol CAMP formedimg protein. The other values are expressed as fold 
stimulation above basal values. Confl and Diff refer to confluent (undifferentiated) and differentiated cells, respectively. Data 
are means ? SE for 3-7 observations with different membrane preparations. 

as previously described [McFarlane-Anderson et 
al., 19921. 

Oil Red 0 Staining 

Cells were fixed in buffered formalin and 
stained with 0.25% Oil Red 0 in 50% isopropa- 
nol. 

lmmunofluorescence Staining 

Cells were fixed in ethanol for 10 min at 
-20°C as previously described [Kawahara et al., 
19901 or in 4% paraformaldehyde followed by 
permeabilization in 0.2% Triton X-100. Similar 
results were obtained with both methods, but 
cold ethanol fixation gave clearer images [cf. 
Akner et al., 19901 and therefore was used rou- 
tinely. For G-protein labeling, coverslips were 
incubated for 45 min with the appropriate anti- 
body, diluted 1/50 in PBS containing 0.5% skim 
milk. After rinsing in PBS, coverslips were incu- 
bated with goat anti-rabbit IgG conjugated to 
FITC (1/25). For visualization of F-actin and in 
double labeling experiments, fixed cells were 
first incubated with TRITC-phalloidin (1 /20) 
for 20 min at room temperature and then incu- 
bated with the appropriate primary and second- 
ary antibodies. Similar treatment of fixed cells 
with Con A-TRITC or WGA-TRITC was used to 
visualize the ER and the Golgi system, respec- 
tively [Virtanen et al., 1980; Tartakoff and Vas- 
sali, 1983; Lipsky and Pagano, 1985; Rabinow- 
itz et al., 1992; Wonget al., 19921. After staining, 
cover slips were mounted (0.1% p-phenylenedi- 
amine in 50% glycerol/PBS) on glass slides and 
viewed by conventional epifluorescence micros- 
copy on a Zeiss Axiophot Photomicroscope or by 

scanning with a Leica Confocal Laser Scanning 
Microscope. For controls, the first antibody was 
omitted from the labeling reaction. In such cases 
no staining was observed. 

RESULTS 
Differentiation 

To determine if addition of insulin/T3 in- 
duced the conversion from fibroblasts to adipo- 
cytes, the morphology of the cells and their 
ability t o  accumulate lipids were monitored. Fig- 
ure 1 shows that the addition of insulin/T3 
induced lipid accumulation and morphological 
changes in both HGFu and Ob17 cells. In HGFu 
cells, the hormonal treatment induced accumu- 
lation of small lipid droplets and the cells had a 
thicker and more rounded appearance than un- 
differentiated cells (compare A and B). Differen- 
tiating Ob17 cells also appeared to be thicker 
and more rounded with the lipid accumulation 
confined to groups of cells (compare C and D). It 
is therefore clear that the hormones are capable 
of inducing differentiation and lipid accumula- 
tion in both HGFu and Ob17 cells. 

Adenylyl Cyclase Activity 

Both clonal lines have very low basal adenylyl 
cyclase activity. The enzyme could be activated 
by forskolin and Mn2+ independently and to 
high levels by adding both together. Similarly, 
NaF alone or with stimulated the enzyme. 
GTP alone or together with isoproterenol pro- 
duced low levels of activation whereas Gp- 
p(NH)p and GTPyS activated several fold. There- 
fore, in these cells, while adenylyl cyclase is 
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Fig. 2. Expression of G-protein subunits in HCFu and O b l  7 cells. (A) Northern blot of 10 IJ-g of total RNA 
was probed with C,a cDNA. Lanes 1 and 3 represent HCFu cells and lane 2 and 4 O b l 7  cells. 1 and 2, 
confluent cells, 3 and 4, differentiated cells Bars represent RNA markers of 4 7 kb and 1 8 kb, respectively. 
(B) and (C) Slot blots of 0.125, 0.20, 0 25, 0.50, 1.0, and 2.0 Fg of RNA probed with G,a2 and Cp, 
respectively. Slots 1-6, HGFu; Slots 7-12, Ob17. (a) confluent cells; (b) differentiated cells. 

Fig. 3. Actin expression in HCFu and O b l 7  cells (A) Northern 
analysis: 10  p.g total RNA from HGFu, lanes 1 and 3, O b l  7 
lanes 2 and 4 probed with a 300 bp actin cDNA. Bars represent 
RNA markers of 4.7 and 1 8 kb, respectively. (6) Slot blot 
analysis: 0.125, 0.20, 0.25, 0 50, 1.0, and 2 0 IJ-g total RNA 
probed with actin cDNA. Slots 1-6, HCFu cells; Slots 7-12, 
O b l  7 cells. (a) confluent cells, (b) differentiated cells 

present, the coupling between the p-adrenergic 
receptor and the enzyme is altered. There was 
no difference between the two cell lines and the 
activities were not significantly affected by differ- 
entiation (Table I). 

Expression of C-Protein Subunits 

RNA from confluent and differentiating cells 
was hybridized with probes for Gsa, G p l ,  Gp2, 

Gp3, G,a, and GP mRNAs. Of the alpha sub- 
units, G p l  and G,a were either not expressed or 
at  levels that were below the detection limits of 
the assay. Figure 2 shows that the expression of 
the G,a (2A), Gp2  (2B), and GP (2C) subunits 
was the same in both cell lines (compare slots 
1-6 to slots 7-12) in each of the blots. Differenti- 
ation from a fibroblast-like preadipocyte cell type 
into a lipid containing adipocyte was not associ- 
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ated with a difference in expression of the G-pro- 
tein mRNA [compare lanes marked (a) with 
those marked (b)]. In contrast, Figure 3 shows 
that actin mRNA levels were markedly reduced 
in cells induced to differentiate by insulin/T3 
(lanes marked b) compared to confluent cells 
(lanes marked a). This decrease was observed in 
both cell lines. 

lmmunoblotting of G,a, C i d ,  and Cp 

The antibody specific for G,a, which has simi- 
lar affinity for the short and the long form of the 
subunit, revealed that the 45 kDa isoform pre- 
dominates in these cells while the 42 kDa iso- 
form is barely detectable (Fig. 4A). The antibody 
directed against Glal  and G1a2 revealed that 
only Gp2  is present in detectable amounts (Fig. 
4B). Low levels of GP were detected, compared 

Fig. 4. lmmunoblotting of C,ix, G,a2, and Gp 
subunits in HCFu and O b l 7  cells. In each case, 
lanes 1-4 represent HGFu cells and lanes 5-8, 
O b l 7  cells and lane 9, 25 kg protein from brain 
membranes. Lanes 1 ,  2, 5, and 6: confluent cells; 
lanes 3, 4, 7, and 8: differentiated cells; even 
number lanes contained twice the amount of 
membrane proteins as odd number lanes. (A) G,a 
subunit (NEI-805), 20 & 40 kg protein, exposure 
time 60 h; (B) G,a2 (NEI-801),  20 and 40 kg 
protein, 20  h; (C) Cp (NEI-807) 15 and 30 kg  
protein, 68 h. Bars represent molecular mass 
markers of 46 kDa and 30 kDa, respectively. (D) 
G,a subunits (NEI-805) in nuclear preparations 
(25 kg protein) from HGFu cells. 

to  the level found in brain membranes (Fig. 4C). 
There was no difference in the abundance of any 
of the subunits between the two cell lines. The 
process of differentiation had little if any effect 
on the amount of these proteins. 

ADP-Ribosylation of G,a and Cia peptides 

The ADP-ribosylation patterns obtained with 
cholera (A) and pertussis toxins (B) are shown in 
Figure 5. They confirm the results found by 
immunoblotting with the G,a (Fig. 4A) and G p  
(Fig. 4B) antibodies. Again, no difference was 
observed between the two cell lines or as a result 
of differentiation. 

Subcellular Distribution of G,a, G i d ,  and Cp 

The cellular pattern of distribution was differ- 
ent for each of the subunits, but the association 
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Fig. 5. ADP-ribosylation of C,a and C,a2 with cholera and pertussis toxins Membranes were activated 
and treated with (A) cholera toxin and (B) pertussis toxin Lanes 1-4, HCFu cells, lanes 5-8, Obl7 cells, 
lanes 1-2, 5-6, confluent cells, lanes 3-4, 7-8, differentiated cells even number lanes contained twice 
the amount of membrane proteins as odd number lanes (A) cholera toxin substrates 20 and 40 kg 
protein, exposure 60 h, (B) pertussis toxin substrates 7 5 and 15 pg protein, exposure22 h Bars represent 
molecular mass markers of 46 kDa and 30 kDa, respectively 

Fig. 6. Distribution pattern of C,a in confluent HCFu cells Cells were double-labeled with anti-C,a (A) 
and Con A (B) and the immunofluorescence pattern was assessed Arrows indicate the apparent 
co-localization of G,a dnd the ER Bar indicatrs 20 Fm 

of a given subunit with particular cellular organ- 
elles was the same in both cell types and did not 
change as a result of differentiation. 

The staining pattern obtained with the G,a 
antibody was punctate cytoplasmic and nuclear 
(Fig. 6A). To characterize the cytoplasmic ele- 
ments recognized by the antibody, the cells were 
double-stained with the anti-G,a and Con A, a 

lectin that binds predominantly to the rough 
ER, as well as with WGA, which has been shown 
by Rabinowitz et al. [19901 to bind to compo- 
nents of the Golgi system (trans-cisternae, endo- 
somes, endosomal tubuloreticular compartment, 
and its associated vesicles). No evidence for co- 
localization of G,a with the Golgi system was 
found (not shown), but there did appear to be 
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Fig. 7. Confocal microscopic analysis of C,a and ER in confluent HCFu cells. Cells were double-labeled 
with anti-Csa and Con A and confocal imaging of 0.5 p m  sections was used to determine colocalization. 
To determine if there was colocalization, separate anti-G,a (A) and Con A (B)  images were obtained and 
superimposed (C). Green marks G,a; red, Con A and yellow, co-localization. Note that most of the C,a is  
in vesicles close to the ER. Nuclear staining is also evident. Bar indicates 10 Km. 

some colocalization with the ER (Fig. 6B). Scan- 
ning by confocal microscopy and reconstitution 
of the image revealed that the G,a antibody was 
present in vesicular structures around the nu- 
cleus (Fig. 7A). C o d  staining is associated with 
the ER (Fig. 7B). The separation of color ob- 
tained when the images were superimposed (Fig. 
7C) indicated that the structures recognized by 
G,a were not part of the ER. When the microtu- 
bule network was disrupted by colchicine treat- 
ment, there was a redistribution of G,a (Fig. 8), 
suggesting that the structures to which G,a 
binds are associated with the microtubule net- 
work. 

To find out if the nuclear staining was due to 
peptides associated with the nucleus, immunode- 
tection was carried out on homogenates of puri- 
fied, washed nuclei. The blots show clearly that 
G,a was present in these preparations (Fig. 4D), 
suggesting a strong association. 

The antibody to G,a2 labeled filamentous 
structures that resemble the actin stress fiber 
pattern dsually observed in cells growing in 
culture (Fig. 9). Double labeling with the anti- 
G,a2 and TRITC-phalloidin, which recognizes 
F-actin, showed that the fibrous pattern of G,a2 
and F-actin colocalized (Fig. 9A,B). Treatment 
of the cells with cytochalasin B, which prevents 
actin polymerization by binding to G-actin [Sarn- 
dahl et al., 19891, also resulted in Gp2 reorgani- 
zation (Fig. 9C,D). These data therefore confirm 
the colocalization of G,a2 with actin stress fi- 
bers. 

The antibody against the p-subunit labeled 
fibrous as well as cytoplasmic and some nuclear 
structures (Fig. 10). The fibrous structures were 

Fig. 8. Effect of colchicine on C,a distribution in confluent 
HCFu cells. Cells were incubated with 2 ph.1 colchicine for 4 h 
and then subjected to indirect immunofluorescent microscopy 
with anti&+. Note the disruption of the perinuclear pattern 
and the distribution of label throughout the cytoplasm. Bar 
indicates 20 pm. 

identified as actin stress fibers by TRITC- 
phalloidin. This was confirmed by treatment of 
the cells with cytochalasin B, which caused the 
disassembly of the fibrous p subunit pattern 
(not shown). Cells were double-stained with an- 
ti-Gp and Con A or WGA and analyzed by confo- 
cal microscopy (Fig. 11). The perinuclear cyto- 
plasmic staining pattern obtained with the GP 
antibody partially colocalized with a portion of 
the Golgi apparatus stained with WGA (Fig. 
11A). There was no evidence of Gp staining in 
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Fig. 9. Distribution pattern of C,a2 in confluent HCFu cells Double-labeling for C,a2 (A,C) and actin 
(B,D) shows that Cp2 partially colocalizes with actin (C) and (D) show the effect of cytochalasin D (4 )*M 
for 4 h) on the C,a2 and actin distribution patterns The disruption pattern of the actin stress fibers and 
C,a2 IS similar Bar indicates 20 k m  O b l 7  cells (not shown) showed the same distribution pattern 

the area of the ER that is stained by Con A 
where G,a was found (Fig. 11B). In general 
therefore, the localization of Gp subunits is con- 
sistent with the known function of this subunit. 

Effect of Differentiation on C-Protein 
Distribution 

TRITC-phalloidin staining revealed a modifi- 
cation of the actin pattern in the differentiating 
cells (Fig. 12). As a result of differentiation, 
actin filaments seem to reorganize and become 
located at the periphery of the cells, in close 
association with the plasma membrane. This is 
consistent with the more rounded appearance of 
the cells, as shown in Figure 1. Staining with the 
anti-Gp2 antibody showed that, with the loss of 
organization of actin stress fibers, there was a 
concomitant change in the distribution of the 

G,a2 subunit. There was also a similar reorgani- 
zation of the fibrous pattern of the P subunit 
while the cytoplasmic pattern remained un- 
changed (results not shown). No change in distri- 
bution of the G,a subunits was observed as a 
result of differentiation (results not shown). 

Treatment With Pertussis Toxin 

Exposure of cells or membranes to pertussis 
toxin results in persistent stimulation of ade- 
nylyl cyclase activity due to inactivation of G,a 
[Gilman, 19871 and also induces preadipocyte 
differentiation [Shinohara et al., 19911. Treat- 
ment with pertussis toxin resulted in reorganiza- 
tion of actin stress fibers paralleled by the loss of 
the typical fibrous patterns for G p  and GP sub- 
units but was without effect on the G,a pattern 
(data not shown). 
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Fig. 10. Analysis of the p subunit distribution in confluent 
HGFu cells. The cells were labeled with an anti-p subunit 
antibody. Note the fibrous pattern similar to that of C,a2 and 
the perinuclear cytoplasmic pattern which resembles the C,a 
pattern. Bar indicates 20 pm. 

DISCUSSION 
Abundance of G-Protein Subunits and Adenylyl 

Cyclase Activity 

The patterns of G-protein found in the clonal 
lines HGFu and Ob17 differ substantially from 
those seen in adipocytes of the lean and oblob 
mice from which they are derived [Begin-Heick, 
1990, 1992, Gettys et al., 19911. Thus, in the 
clonal cells, the two major G-protein alpha sub- 
units are G,a [with a predominance of the long 
(45 kDa) form] and Gp2, whereas in normal 
(+ / +) adipocytes the 42 and 45 kDa forms of 
G,a are equally abundant, as are G p l  and G,a2. 
This indicates that factors controlling the nor- 
mal expression of these G-proteins are either 
absent or inactive in the clonal lines. Although 
adenylyl cyclase was stimulated 10-15-fold by 
guanine nucleotides and 150-200-fold by agents 
that activate the catalytic unit directly, it was 
resistant to activation by isoproterenol. Such 
resistance to hormonal activation was noted pre- 
viously in two systems where the 45 kDa iso- 
form of G,a is the predominant peptide [McFar- 
lane-Anderson and Begin-Heick, 1991; Walseth 
et al., 19891. Together, these results constitute 
evidence that the short (42 kDa) isoform of G,a 
is important for coupling hormone receptors to 
the transduction of hormonal signals [Walseth 

Fig. 11. Analysis of the p subunit perinuclear cytoplasmic 
distribution in confluent HCFu cells. The cells were double- 
labeled with anti-GP and either (A) WCA or (B) Con A and the 
distribution pattern assessed by confocal imaging of 0.5 p m  
sections. Green indicates Cp staining; red, Con A or WCA 
staining and yellow, colocalization. Note the colocalization of 
Gp with WCA but not with Con A. Bar indicates 10 km. 

et al., 19891, although both the 42 and 45 kDa 
isoforms have been reported to be effective in 
the transduction of adenylyl cyclase activity [Fre- 
issmuth et al., 19891. No data are yet available 
on the p-adrenergic receptor activity in HGFu 
and Ob17 cells and how this activity may be 
affected by differentiation. 

lntracellular Localization 

The data presented above show that, in HGFu 
and Ob17 cells, G-proteins are not solely con- 
fined to  the plasma membranes but are associ- 
ated with other cellular organelles. This is in 
agreement with recent findings of others to the 
effect that the G-proteins may have a diverse 
intracellular distribution [Brabet et al., 1988; 
Wang et al., 1989; Ercolani et al., 1990; Holtz- 
man et al., 1991; Lewis et al., 1991; Muntz et al., 
19921. 

Actin reorganization is a feature of differenti- 
ating cells [Grant and Aunis, 19901. The associa- 
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Fig. 12. Effect of differentiation on G,a2 dis’ribution Double irnmunofluorescence staining of C,a2 (A) 
and actin (B) in differentiating HCFu cells Note that in differentiating cells, actin and G,a2 are located 
mostly at the periphery of the cells and stress fibres are reduced In (C) Obl7 confluent cells stained with 
anti-C,ct2 showing the typical stress fibre pattern is present In (D) differentiating Ob17 cells stained with 
anti-C,a2 there is reorganization of the peptide at the cell periphery Bar indicates 20 krn 

tion of G,a and GP with actin in confluent cells 
and their simultaneous reorganization with ac- 
tin during differentiation suggests an involve- 
ment in the cellular functions that involve actin. 
Studies in other cells have suggested association 
of G,or and GP with actin [Carlson et al., 1989; 
Peraldi et al., 19891, although the nature of the 
interaction is not known. 

The disruption of the G,a subunit pattern by 
colchicine is consistent with the suggestion by 
Wang et al. [1990] that G,a is associated with 
tubulin. The fact that GP, and not G,a, partly 
colocalized with vesicles that are stained by WGA 
indicates that GP resides in subcellular compart- 
ments closely associated with, but not identical 
to those with which G,a is associated. 

The results showing that the peptides are 
detected in purified and washed nuclei indicate 
that the immunocytochemical detection of the 
peptides in association with the nucleus is not 
an artefact of preparation. Furthermore, they 
support the findings of Crouch [ 19901 that G p  is 
associated with chromatin during mitosis and of 
Takei et al. [1992] who described a pertussis 
toxin sensitive G-protein in rat liver nuclear 
preparations. 

Recent data from our laboratory using the 
same antibodies and the same fixation tech- 
niques (Cadrin et al., unpublished data) show 
that in liver sections, G-proteins are found 
largely, although not entirely, associated with 
the plasma membrane. Whether the association 
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of G-protein subunits with organelles other than 
the plasma membrane, as reported here and 
described by others, is a special characteristic of 
clonal lines or cells in culture is not known at 
present. However, their association with differ- 
ent cellular organelles indicate that they trans- 
duce signals at other cellular locations and their 
differential localization reinforces the notion that 
they are individually regulated. 
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