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ribosylates an arginine residue of Gs (1), whereas per-
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Treatment of saponin-permeabilized adipocytes with
AD enhanced adenylyl cyclase activity stimulated by
TgS, [Al/F4]2, isoproterenol, and forskolin in mem-
rane fractions and potentiated isoproterenol-in-
uced cAMP accumulation in whole cells. In parallel,
hen permeabilized adipocytes were incubated with

32P]NAD, there was significant incorporation of
32P]ADP-ribose in a 44-kDa acceptor membrane pro-
ein. This reaction was inhibited by L-arginine and
as enhanced by the addition of GTPgS. Surprisingly,

his 44-kDa protein could not be identified as Gs pro-
ein: (1) It was not recognized by Gsa specific anti-
ody; (2) it did not comigrate with the major cholera
oxin substrates in either 10% SDS-PAGE or two-
imensional electrophoresis; (3) a pretreatment of adi-
ocytes with NAD did not decrease cholera toxin-
ediated ADP-ribosylation of Gsa proteins on mem-

rane fractions. Our results indicate that NAD did not
nduce endogenous ADP-ribosylation of Gsa in perme-
bilized rat adipocytes but nonetheless modified the
denylyl cyclase response. © 2000 Academic Press

Mono-ADP-ribosylation is a covalent modification in
hich the ADP-ribose moiety of NAD is transferred to

pecific amino acid residues in acceptor proteins (1).
he enzymes which catalyze this reaction, the mono-
DP-ribosyltransferases represent a large family of
nzymes found in eukaryotes, viruses, plants and bac-
eria (2). The significance of mono-ADP-ribosylation
as been well documented for bacterial toxins such as
holera toxin and pertussis toxin. Cholera toxin ADP-
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almö, Sweden.
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rance. Fax: 33 01 46 83 58 71. E-mail: claude.correze@cep.u-psud.fr.
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ussis toxin ADP-ribosylates a cysteine residue of Gi
nd Go proteins (3). ADP-ribosylation by cholera toxin
romotes the dissociation of the Gsabg complex into
sa and bg subunits and inhibits Gsa GTPase activity,

ausing persistent activation of adenylyl cyclase (4).
DP-ribosylation by pertussis toxin results in uncou-
ling of Gi proteins from receptors (5). In various cell
ypes, many target proteins of endogenous ADP-
ibosyltransferases have been found (2). Of particular
nterest, was the finding that the endogenous ADP-
ibosylation of Gs proteins was correlated with in-
reased adenylyl cyclase activity (6–11). We have pre-
iously proposed that the stimulation of Gi could
nhance an endogenous ADP-ribosyltransferase acting
n Gs in adipocytes (12); in the present study, we
e-examined this possibility in permeabilized adipo-
ytes. We report evidence for endogenous ADP-ribo-
ylation of a 44 kDa protein which did not correspond
o Gsa protein, but was nevertheless concomitant with
n increase in adenylyl cyclase activity.

ATERIALS AND METHODS

Materials. [32P]ATP, [32P]NAD, [125I]protein A, and anti-Gsa an-
iserum (RM1) were purchased from DuPont–New England Nuclear.
holera toxin was from Sigma. Collagenase (CLS) was obtained from
orthington Biochemicals. 4,3-(Butoxy)-4-methoxybenzyl imidalidi-

one (RO 7-2956) was a gift from Hoffman-La Roche. Male Wistar
ats (180 g) were from Depré (Saint Doulchard, France).

Cells permeabilization. White fat cells were isolated by collage-
ase digestion (13). Adipocytes were incubated with saponin (8 mg/
l) for 10 min in Krebs-Ringer bicarbonate buffer 0.1 M, pH 7.4,

ontaining Ca21 (1.3 mM) and 4% (w/v) fatty acid-free albumin
buffer A), washed and resuspended in the same buffer.

Determination of physiological parameters in fat cells. For lipol-
sis analysis, adipocytes (106 3 cells/ml) were incubated for 30 min
n the presence 10 mM isoproterenol. Free fatty acids (FFA) were
xtracted and determined as described (14). Glycerol was assayed as
escribed (15). Triacylglycerols (TAG) were extracted as described
16). Viability of saponin-permeabilized cells, as determined by glu-
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
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Statistical analysis. Statistical differences were calculated using
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ose uptake, was assessed by using a peridochrom glucose assay kit
Boehringer Mannheim). Extracellular lactate dehydrogenase activ-
ty was measured as described (17). cAMP accumulation was mea-
ured by the radioimmunological method (18). Briefly, cells were
ncubated for 6 min in Krebs-Ringer bicarbonate supplemented with
mM RO 7-2956 (a cAMP-phosphodiesterase inhibitor) and 2 mg/ml

denosine deaminase, with or without agonists. FFA, glycerol and
AMP levels were expressed in function of TAG content of the cells.

[32P]ADP-ribosylation of membrane proteins. For endogenous la-
elling (in vivo ADP-ribosylation), the cells were incubated with

32P]NAD (1 mM) (107 cpm/ml) for 60 min at 37°C in 2 ml buffer A. At
he end of the incubation period the washed cells were disrupted in
0 mM Tris-HCl, pH 7.4 containing 250 mM sucrose, 0.1 mM dithio-
hreitol and protease inhibitors (0.1 mM phenylmethylsulfonyl fluo-
ide, 10 mg/ml leupeptin and 10 mg/ml aprotinin). The homogenate
as centrifuged for 30 min at 30000g. The resulting pellet was

esuspended in the homogenization buffer at a protein concentration
f 1–2 mg/ml. For cholera toxin-catalysed ADP-ribosylation (in vitro
DP-ribosylation), aliquots of membrane fractions (200 mg protein)
ere incubated with 3 mM [32P]NAD in the presence of activated

holera toxin (6 mg) as described (12). The labelled membranes were
ashed, solubilized, and analyzed by 10% SDS-polyacrylamide gel
lectrophoresis (10% SDS-PAGE).

Two-dimensional gel electrophoresis. Isoelectric focusing followed
y SDS-PAGE (second dimension) was performed according to
’Farrel (19). Samples containing 200 mg of labelled proteins were
pplied to isoelectric focusing gels (first dimension) containing Am-
holines, pH 3–10.

Western blot analysis of Gsa protein. Aliquots of membrane pro-
eins (100 mg) were resolved on a 10% SDS-PAGE and transferred to
itrocellulose filters. The filters were then incubated overnight with
M/1 antiserum at a 1:500 dilution, and the immune complexes was

evealed by incubation with 125I-Protein A (2 3 105 cpm/ml) as
reviously described (20).

Adenylyl cyclase assays. Incubations were performed in the pres-
nce of various agents for 10 min at 32°C in 100 ml 40 mM Tris-HCl
uffer (pH 7.4) containing 10–20 mg of membrane protein with 0.2
M [32P]ATP (105 cpm/assay), 2 mM MgCl2 and an ATP-regen-

rating system as previously described (20). The [32P]cAMP produced
as quantified as described (21).

FIG. 1. Comparison of physiological parameters in control and
aponin-permeabilized adipocytes. Adipocytes were permeabilized
or 30 min with 8 mg/ml saponin (filled bars) or without (empty bars).
he glucose uptake, the lactate dehydrogenase activity in extracel-

ular medium (LDH) and lipolysis tested by measuring the release of
ree fatty acid (FFA) or glycerol were determined as described under

aterials and Methods. The data are expressed as the percent of
ontrol values and are the mean 6 SE of quadriplate determinations.
tatistical significance versus control: * P , 0.01.
204
he Student t test. A P , 0.05 was considered significant.

ESULTS

Permeabilization of rat adipocytes with saponin af-
ected neither cell viability nor the adenylyl cyclase
ystem. To allow NAD to penetrate into the cell, adi-
ocytes were permeabilized with saponin. The perme-
bilization procedure was validated by measuring both
actate dehydrogenase (LDH) activity and the release
f free fatty acids (FFA) and glycerol in the extracellu-
ar medium. LDH activity was significantly increased
n permeabilized adipocytes compared to non-permea-
ilized fat cells. The amounts of FFA and glycerol were
lso higher in the incubation medium of permeabilized
dipocytes. The cell viability was not affected by the
reatment with saponin since glucose uptake was sim-
lar in permeabilized versus control cells (Fig. 1). Im-
ortantly, in Table 1, it is shown that basal and cAMP
ccumulation stimulated by either isoproterenol (a
on-selective adrenergic receptor agonist), forskolin (a
rug which stimulates directly the adenylyl cyclase) or
holera toxin (which activates adenylyl cyclase via ac-
ivation of Gs proteins) was not affected by the treat-
ent with saponin, indicating that the integrity of the

denylyl cyclase system was maintained in permeabil-
zed cells.

Effect of NAD on cAMP accumulation and adenylyl
yclase activity in permeabilized adipocytes. Perme-
bilized adipocytes were incubated with NAD for 60
in, then crude membrane fractions were prepared

nd adenylyl cyclase activities were measured in the
resence of various agonists: GTP, GTPgS, [Al/F4]

2,
soproterenol, and forskolin. We found that NAD po-
entiated adenylyl cyclase activity stimulated by all
gonists used (Table 2). Similarly, treatment of adipo-
ytes with NAD (0.01–1 mM) increased in a dose-
ependent manner cAMP accumulation stimulated by
soproterenol. At the highest concentration of NAD

TABLE 1

Cyclic AMP Accumulation in Control
and Permeabilized Adipocytes

Agonist

cAMP (pmol/min/mmol TAG)

Control cells Permeabilized cells

one 0.70 6 0.04 0.67 6 0.06
orskolin (10 mM) 586.0 6 47.0 482.7 6 14.0
soproterenol (1 mM) 62.6 6 6.0 51.5 6 7.0
holera toxin (5 mg/ml) 2.26 6 0.06 1.83 6 0.04

Note. Control or saponin-permeabilized adipocytes were incubated
or 6 min in the presence of forskolin, isoproterenol, or 2 h in the
resence of cholera toxin. cAMP formation was determined as de-
cribed under Materials and Methods. Each value represents the
ean 6 SE of quadriplate determinations.
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sed (1 mM), a 1.4 fold increase in isoproterenol-
timulated cAMP accumulation was obtained when
ompared to cells not treated with NAD. L-Arginine,
hich was shown to be an ADP-ribosyl acceptor (1),

uppressed the effect of NAD on cAMP accumulation
Fig. 2).

Endogenous ADP-ribosylated proteins in permeabil-
zed adipocytes. To assess whether endogenous ADP-
ibosylation of G proteins could account for NAD-
nduced potentiation of adenylyl cyclase activity, per-

eabilized adipocytes were incubated with [32P]NAD
1 mM) for 60 min (in vivo ADP-ribosylation). Cells
ere then washed in buffer A and membrane fraction
as prepared. In the same experiment, membranes
roteins from permeabilized adipocytes non-incubated
ith NAD were subjected to ADP-ribosylation by chol-
ra toxin in the presence of [32P]NAD (in vitro ADP-
ibosylation). Membrane proteins were resolved on
0% SDS-PAGE and transferred to a nitrocellulose
embrane. After autoradiography of the membrane,
e found that the major endogenous labelled protein
ad a Mw of 44 kDa on 10% SDS-PAGE (Fig. 3A, lane
). It appeared clearly to migrate between both short
42 kDa) and long (46 kDa) isoforms of Gsa proteins
DP-ribosylated in vitro by cholera toxin (Fig. 3A, lane
). Next, we checked whether the 44 kDa protein was
ecognized by the specific anti-Gsa antiserum RM/1. To
his end, the samples were analysed by Western blot
ith the specific RM/1 antiserum. Both Gsa protein

ubunits of 42 and 48 kDa were recognized by the anti-
sa antiserum (Fig. 3, lanes 3–4) and corresponded to
sa proteins ADP-ribosylated in vitro by cholera toxin

lane 2). It was also clear that NAD treatment did not
lter immunoreactivity of Gsa proteins (Fig. 3A, lane 3
ersus lane 4). Importantly, the endogenous ADP-
ibosylated protein was not recognized by the anti-Gsa
ntiserum (lane 3).

Effect of a Treatment of Permeabilized Adipocytes
with NAD on Adenylyl Cyclase Activity

Agonist

Adenylyl cyclase activity
(pmol/min/mg protein)

Control NAD

TP (10 mM) 10.2 11.4 (110)*
TgS (100 mM) 71.6 112.2 (157)

Al/F4]2 (NaF 10 mM 1 AlCl3 6 mM) 77.3 125.7 (163)
soproterenol (10 mM) 30.2 55.0 (182)
orskolin (100 mM) 253.3 410.2 (162)

Note. Permeabilized adipocytes were incubated for 60 min in the
resence or absence of NAD (1 mM). Then, adenylyl cyclase activities
ere measured on membrane fractions as described under Materials
nd Methods, in the presence of various agonists. Values are the
ean of triplicate assays.
* Percent activity relative to that without NAD.
205
ncreasing the concentrations of unlabelled NAD (0.5–
00 mM) (Fig. 3B). Half maximum inhibition was ob-
ained with 1 mM of NAD. Endogenous labelling of the
4 kDa protein was also inhibited in a dose-dependent
anner by preincubation of cells with L-arginine
ethyl ester (LAME), an acceptor amino-acid for ADP-

ibose moiety. Half-maximal inhibition was obtained
ith 2 mM LAME (Fig. 3C). The endogenous labelling
f the 44 kDa protein was also blocked by meta-
odobenzylguanidine (MIBG) (10 mM), a high affinity
ubstrate for mono-ADP-ribosyltransferase (22) (data
ot shown). When present in the incubation medium,
TPgS increased NAD-induced labelling of the 44 kDa
rotein. A maximal effect was observed with 1 mM
TPgS (Fig. 3D).

Analysis of the endogenous labelled 44 kDa protein
n two dimensional gels. Isoelectric focusing and
DS-PAGE (2D gels) revealed that the endogenous

abelled protein consisted of two polypeptides with a
olecular mass of 44 kDa on 2D gels: one had an

soelectric point (pI) of approximately 7.0 and the other
ne of approximately 7.3 (Fig. 4). These characteristics
ere very different from those obtained for Gsa pro-

eins ADP-ribosylated in vitro by cholera toxin. Indeed,
n 2D gels, the substrates of cholera toxin consisted of
wo major spots which had a molecular mass of 42 kDa
nd 46 kDa respectively. Both 42 and 46 kDa bands
ielded multiple spots in the isoelectric focusing di-
ension with pI ranging between 6.6 and 6.3. The

FIG. 2. Concentration-dependent effect of NAD on cAMP accu-
ulation. Permeabilized adipocytes were incubated for 30 min in the

resence of increasing concentrations of NAD without (F) or with
-arginine (75 mM) (E). Isoproterenol (1 mM) was added as an
ctivator of adenylyl cyclase. cAMP formation was determined as
escribed in Table 1. Values are the mean 6 SE of quadriplate
eterminations. As compared to the respective control, * 0.02 , P ,
.05, ** P , 0.001.
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ajor ones having a pI of 6.4. Another smaller spot of
I 5 6.3 was also detected between the two main la-
elled peptides. Different forms of Gsa proteins ADP-
ibosylated by cholera toxin on 2D gels have also been
escribed previously (23–25).

FIG. 3. Evidence for the presence of adipocyte membrane prote
aponin as in Fig. 1, then they were incubated for 60 min with [32P
eparated on 10% SDS/PAGE and transferred on nitrocellulose she
embrane preparations of permeabilized cells were also ADP-ribosy

nd subjected to the same procedure (lane 2). Lanes 3 and 4 show
abelled membranes (lane 3) and in cholera toxin-labelled membrane
n vivo in the presence of increasing concentration of NAD. (C) Autora
f increasing concentration of L-arginine methyl ester (LAME). (D)
resence of increasing concentration of GTPgS. Each lane contained
eparate experiments.

FIG. 4. Two-dimensional analysis of substrates for endogenous
DP-ribosylated proteins and for cholera toxin-mediated ADP-ribo-
ylation of Gsa proteins. Membrane proteins were ADP-ribosylated
ndogenously (A) or by cholera toxin (B) as described in the legend to
ig. 3. Samples were focused (pH 3.5–10) and electrophoresed on 10%
DS-PAGE as described under Materials and Methods. Only a portion
f autoradiograms is shown. The pH for the isoelectric focusing dimen-
ion decreases in a left-to-right manner. The isoelectric points of the
redominant radiolabelled substrates are indicated.
206
Effect of NAD on the ADP-ribosylation of Gsa pro-
eins by cholera toxin. Permeabilized adipocytes were
ncubated for various periods of time in the presence of
nlabelled NAD, and crude membrane fractions were
repared. These membranes were then used in an
DP-ribosylation assay using [32P]NAD and cholera

oxin (in vitro assay). We hypothesized that if endoge-
ous ADP-ribosylation of Gsa proteins occured during
he preincubation with NAD, this should reduce the
ubsequent in vitro ADP-ribosylation of Gsa proteins
y cholera toxin. This was not the case, as a two fold
ncrease in cholera toxin-mediated ADP-ribosylation of
sa proteins was observed in membrane fractions from
dipocytes which were preincubated with NAD (Fig. 5).
his result could not be related to an increased amount
f Gsa proteins in membrane during the time course of
AD treatment since equal amounts of Gsa proteins
ere found over the time kinetic (Fig. 5).

ISCUSSION

We have presented evidence for the existence of an
DP-ribosyltransferase activity in rat adipocytes, thus
onfirming our initial findings (12). We demonstrated
he endogenous ADP-ribosylation of one major protein
n membrane fractions. This protein showed an appar-
nt molecular mass of 44 kDa by SDS-PAGE, did not
omigrate with the major cholera toxin-labeled pro-

ADP-ribosylated in vivo. (A) Adipocytes were permeabilized with
AD (1 mM) for in vivo ADP-ribosylation. Membrane proteins were
and the labelled band was identified by autoradiography (lane 1).
ed in vitro for 10 min in the presence of cholera toxin and [32P]NAD

corresponding immunoreactivity of Gsa proteins in endogenously
lane 4). (B) Autoradiograms of membrane proteins ADP-ribosylated
grams of membrane proteins ADP-ribosylated in vivo in the presence
toradiograms of membrane proteins ADP-ribosylated in vivo in the
0 mg of protein. These autoradiograms are representative of three
ins
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eins in either 10% SDS-PAGE or two-dimensional
lectrophoresis and was not recognized by Gsa anti-
ody. The fact that a treatment of permeabilized adi-
ocytes with NAD did not reduce the subsequent in
itro ADP-ribosylation of Gsa protein subunits by chol-
ra toxin further reinforced the view that the endoge-
ous ADP-ribosylated 44 kDa protein was not related
o Gsa proteins. Our results differ from the one de-
cribed by Graves and McDonald where incubation of
dipocyte plasma membrane with [32P]NAD yielded
DP-ribosylation of proteins of 70, 65, 61 and 52 kDa

26). This difference might be due to the fact that we
ave used permeabilized adipocytes whereas the cited
uthors have used plasma membrane-enriched frac-
ions. One might conclude that the integrity of the cell
s required to achieve adequate endogenous ADP-
ibosylation of the 44 kDa protein.

We have characterized some properties of the 44 kDa
rotein in adipocytes. Its labelling was increased in the
resence of GTPgS suggesting that it was a GTP-
inding protein. We have also excluded that the 44 kDa
rotein was a Gi protein because a pretreatment of
dipocytes with pertussis toxin did not affect the sub-
equent endogenous labelling of the 44 kDa protein
data not shown) and because arginine was the residue
f the 44 kDa protein which was covalently modified.
The interesting finding is that despite the fact that
AD did not induce endogenous ADP-ribosylation of
sa in permeabilized adipocytes, NAD potentiated the
denylyl cyclase response to isoproterenol or to ago-
ists activating the adenylyl cyclase cascade at a post
eceptor level. Thus, our results obtained with adipo-
ytes were different from those presented by others
sing membrane preparations of rabbit luteal cells (8),
uman platelets (7, 9), chick spleen cells (10), and

FIG. 5. Effect of NAD on cholera toxin-mediated ADP-ribo-
ylation of Gsa protein. Permeabilized adipocytes were incubated for
0 to 90 min with (1 mM) NAD. Aliquots of membrane proteins (100
g) were then ADP-ribosylated in vitro with cholera toxin and

32P]NAD as described in the legend to Fig. 3. Autoradiogram of
holera toxin-mediated ADP-ribosylation of Gsa protein and West-
rn blot analysis of Gsa protein levels in the same experiment are
hown. This experiment is representative of three others.
207
orted endogenous ADP-ribosylation of Gsa following
ncubation with NAD which correlated with NAD-
nduced potentiation of adenylyl cyclase activity.

In permeabilized adipocytes, we do not know yet how
AD treatment modified the adenylyl cyclase response
ut some evidences suggest that nonetheless it could be
ue to a change in the functional activity of Gs proteins.
ndeed, NAD treatment increased the adenylyl cyclase
esponse to agonist acting directly on Gs proteins (GTPgS
nd [Al/F4]

2) without affecting the amount of Gs proteins.
t might be that NAD induced change in the dissociation
f Gs protein into a and bg subunits. However, since free
subunit of Gs and the abg trimer can be equally good

ubstrates for cholera toxin (4), our data showing that a
reatment of permeabilized adipocytes with NAD in-
reased the subsequent in vitro ADP-ribosylation of Gsa
ubunits by cholera toxin do not allow to conclude on this
ypothesis. But this unexpected finding might further
upport the view that NAD treatment could have modi-
ed the function of Gs protein. Indeed, cholera toxin-

nduced ADP-ribosylation of Gsa subunits has been used
o evaluate the function of Gs proteins. For instance, we
ave shown that a decreased ability of cholera toxin to
DP-ribosylate Gs protein in thyroid cells correlated
ith an impairment of the functional activity of Gs pro-

eins (27).
In summary, we do not know the identity of this 44

Da endogenous ADP-ribosylated protein and also
hether there is a link between its endogenous label-

ing and the increased adenylyl cyclase activity. The
ossibility remains that the potentiation effect of NAD
n the adenylyl cyclase system was due to an effect on
s protein which was not related to endogenous ADP-

ibosylation of Gs proteins.

CKNOWLEDGMENTS

We thank H. Thibout for technical assistance and Dr. C. Jacquemin
or constructive discussion during these studies.

EFERENCES

1. Moss, J., and Vaughan, M. (1977) J. Biol. Chem. 252, 2455–2457.
2. Okazaki, I. J., and Moss, J. (1996) Rev. Physiol. Biochem. Phar-

macol. 129, 515–104.
3. Van Meurs, K. P., Angus, C. W., Lavu, S., Kung, H. F.,

Czarnecki, S. K., Moss, J., and Vaughan, M. (1987) Proc. Natl.
Acad. Sci. USA 84, 3107–3111.

4. Kahn, R. A., and Gilman, A. G. (1984) J. Biol. Chem. 259,
6235–6240.

5. Ui, M. (1990) in Insights into Signal Transduction (Moss, J., and
Vaughan, M., Eds.), pp. 45–77. American Society for Microbiol-
ogy, Washington, DC.

6. Feldman, A. M., Levine, M. A., Baughman, K. L., and Van Dop,
C. (1987) Biochem. Biophys. Res. Commun. 142, 631–637.

7. Molina y Vedia, L., Nolan, R. D., and Lapetina, E. G. (1989)
Biochem. J. 261, 841–845.

8. Abramowitz, J., and Jena, B. P. (1991) Int. J. Biochem. 23,
549–559.



9. Inageda, K., Nishina, H., and Tanuma, S. (1991) Biochem. Bio-

1

1

1

1
1
1
1

1

1

19. O’Farrel, P. H. (1975) J. Biol. Chem. 250, 4007–4021.
2

2

2

2

2

2

2

2

Vol. 270, No. 1, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
phys. Res. Commun. 176, 1014–1019.
0. Obara, S., Yamada, K., Yoshimura, Y., and Shimoyama, M.

(1991) Eur. J. Biochem. 200, 75–80.
1. Donnelly, L. E., Boyd, R. S., and MacDermot, J. (1992) Biochem.

J. 288, 331–336.
2. Jacquemin, C., Thibout, H., Lambert, B., and Corrèze, C. (1986)

Nature 323, 182–184.
3. Rodbell, M. (1964) J. Biol. Chem. 239, 375–380.
4. Dole, V. P., and Meinertz, H. (1960) J. Biol. Chem. 235, 2595–2599.
5. Wieland, O. (1957) Biochem. Zeitsch. 329, 313–319.
6. Folch, J., Less, M., and Stanley, G. H. S. (1957) J. Biol. Chem.

226, 497–509.
7. Wroblewski, F., and Ladue, J. S. (1955) Proc. Soc. Exp. Biol.

Med. 90, 210–216.
8. Haye, B., Aublin, J. L., Champion, S., Lambert, B., and Jacque-

min, C. (1985) Mol. Cell. Endocrinol. 43, 41–50.
208
0. Saunier, B., Dib, K., Delemer, B., Jacquemin, C., and Corrèze, C.
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