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Adenylate Cyclase of Human Fat Cell Ghosts

STIMULATION OF ENZYMEACTIVITY BY PARATHYROIDHORMONE
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A B S T R AC T Some of the effects of native bovine
parathyroid hormone and of the synthetic amino-
terminal 1-34 fragment on the adenylate cyclase ac-
tivity of human fat cell ghosts were studied. Saturat-
ing concentrations of both hormone preparations
caused a significant increase of enzyme activity by
about 200-300%. Guanosine 5'-triphosphate (0.1
mM) inhibited basal enzyme activity but had no sub-
stantial effect on parathyroid hormone-stimulated
enzyme activity. The guanosine 5'-triphosphate
analogue, 5'-guanylyl-imidodiphosphate, produced
about a threefold enhancement of basal and para-
thyroid hormone-stimulated enzyme activities under
standard conditions (5 mMMg2+, 1 mMATP, pH
8.0, 30°C).

Activation by parathyroid hormone was not in-
fluenced by 83-adrenergic blockade in contrast to
stimulation by epinephrine. The sensitivity of the
enzyme system to the native and the synthetic para-
thyroid hormone was, however, abolished after pre-
treatment of the fat cells with trypsin (1 mg/ml).
The stimulatory effects of epinephrine and NaF were
not affected by pretreatment with trypsin.

The results suggest that human fat cells, like rat
adipocytes, contain a multireceptor-coupled adenylate
cyclase.

Received for publication 26 October 1976 and in revised
form 24 January 1977.

INTRODUCTION

The fat cell adenylate cyclase is a plasma mem-
brane-bound enzyme which is supposed to play a cen-
tral role in the stimulation of lipolysis by hormones
(1). The rat fat cell enzyme reacts to a variety of
hormones including catecholamines and peptide hor-
mones such as ACTH, glucagon, and secretin (2-4).
By contrast, only catecholamines have been found
to be capable in activating the human enzyme sys-
tem (5-10). In this communication it is shown that
parathyroid hormone (PTH)' can activate the adenylate
cyclase system of human fat cell ghosts via binding to
an individual receptor separable from adrenergic re-
ceptor sites.

METHODS
Source of biopsies. Biopsies of subcutaneous adipose

tissue were obtained from 10 patients undergoing surgical
treatment. No attempt was made to select the patients on
the basis of age, sex, weight, or disease, except that
cachectic persons were excluded. The patients were operated
on after an overnight fast. Anesthesia was induced with a
short-acting barbiturate and maintained with halothane,
nitrous oxide, and oxygen. The biopsies were usually ob-
tained after the skin incision.

'Abbreviations used in this paper: cAMP, 3',5'-cyclic
AMP; GMP(PNP), 5'-guanylyl-imidodiphosphate; PTH,
native bovine parathyroid hormone; 1-34 PTH, synthetic
amino-terminal 1-34 PTH fragment.
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Preparation of fat cell ghosts. Adipose tissue was cuit
into 20-25-mg fragments and fat cells were isolated es-
sentially according to Rodbell (11), except that higher con-
centrations of collagenase (3 mglml) were used. When
present, trypsin (1 mg/ml) was included during collagenase
digestion. Hen egg white trypsin inhibitor (0.1 mg/ml)
was added to the washing media and the assay medium
in these experiments.

Fat cell ghosts were prepared according to the same pre-
scription (11). The lysing medium contained 2.5 mM
MgCl2, 2.5 mMATP, 0.1 mMCaCl2, 1.0 mMKHCO3, and
Tris-HCl, pH 7.6, (2.0 mM). The ghosts were suspended
in a medium containing 0.1 mMKHCO3 and 25 mM
mercaptoethanol in a final concentration of 0.25-2.5 mg
protein/ml.

Adenylate cyclase assay. The adenylate cyclase ac-
tivity was determined according to Salomon et al. (12) at
30°C. The incubation mixture contained 25 mMTris-HCl,
pH 8.0, 5 mMMgCl2, 20 mMcreatine phosphate, 100 U/ml
creatine phosphokinase, 1 mM3',5'-cyclic AMP (cAMP),
and 1 mMa-32P-ATP (40-50 cpm/pmol).

The reaction was initiated by addition of 20 ,ul of sus-
pended ghosts (1-20 ,ug of ghost protein) and was terminated
by addition of 0.1 ml of stopping solution composed of
2% (wtlvol) lauryl sulfate, 1 mMcAMP, and 40 mMATP.

Cyclic 32P-cAMP was purified by column chromatography
with Dowex AG-50 W-X4 (Dow Chemical Co., Midland,
Mich.) and neutral alumina (12). The protein content of the
samples was determined according to Lowry et al. (13)
with bovine serum albumin as standard. Data are given as
nanomoles of cAMP formed per milligram of protein per 15
min. Statistical analysis was by the Wilcoxon test for
paired samples. a-32P-ATP (2-6 Ci/mmol) and [3H]cAMP (27
Ci/mmol) were purchased from The Radiochemical Centre,
Amersham, England. Epinephrine-bitartrate was from
Merck AG., Darmstadt, W. Germany; propranolol-hydro-
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FIGURE 1 Effects of the native bovine PTH on the human
fat cell adenylate cyclase in the presence and absence of
guanosine 5'-triphosphate (GTP) and GMP(PNP) (each 0.1
mM). Results are mean+SEMof seven experiments carried
out with ghosts from different patients.
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FIGURE 2 Log dose-response curve of the human fat cell
adenylate cyclase for synthetic 1-34 PTH.

chloride was from Boehringer Ingelheim, Ingelheim W. Ger-
many; and enzymes, coenzymes, and nucleotides were
from Boehringer Mannheim, G.m.b.H., Mannheim, W.
Germany. Synthetic ACTHwas purchased from Ciba Geigy
G.m.b.H., Wehrbaden, W. Germany; glucagon (insulin-free)
was from Eli Lilly G.m.b.H., Bad Homburg, W. Germany.
PTH (500 U/mg) was obtained from Hormonchemie, Muin-
chen, W. Germany and synthetic amino-terminal 1-34 PTH
fragment (1-34 PTH) (lot 80454, 2,770 U/mg) was purchased
from Beckman Instruments, Inc., Fullerton, Calif. Both
hormone preparations were freshly dissolved in Tris-HCl,
(25 mM, pH 8.0) immediately before use.

RESULTS

Fig. 1 illustrates the stimulation of the human fat
cell adenylate cyclase by the native bovine PTH
(100 U/ml) in the absence or presence of guanosine
5'-triphosphate and 5'-guanylyl-imidodiphosphate
[GMP(PNP)], respectively. The results are mean
±SEM of seven separate experiments carried out
with ghosts from different patients.

Basal enzyme activity averaged 1.30 nmol cAMP
formed per mg protein/15 min in these experiments.
Guanosine 5'-triphosphate (0.1 mM) significantly de-
pressed basal enzyme activity (P c 0.05). The gua-
nine nucleotide analogue GMP(PNP) (0.1 mM), how-
ever, caused a marked increase of basal enzyme ac-
tivity by about 300% (P s 0.05) as previously reported
(9, 10). The activities of the enzyme in its GMP(PNP)-
activated state were in the same range as normally
observed in the presence of epinephrine (10) but
exceeded the increase of cAMP-formation induced by
PTH.

Native bovine PTH (100 U/ml) caused a significant
(P c 0.05) increase of enzyme activity by about
200%. Guanosine 5'-triphosphate had no substantial
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TABLE I
Ejjfects of Epinephrine (0.5 mM), 1-34 PTH (18 ,ug/ml),

NaF (20 mM), ACTH(0.1 nmg/ml), and Gltucagon
(0.1 mg/ml) on the Adenylate Cyclase Activity

of Glhosts J'romn Untreate(d and Try psinized
Fat Cells*

Adenylate cvulasc attiv itv

Additions Control Trylpsin-treated

lizmiol (ASMP/ing prjotiil/5 lmim

None 0.9-0.05 0.8±+(0.05

ACTH 0.95+0.08 N.D.

Glucagon 1.0±0.10 N.D.

Propranolol 0.96±+(0.07 N.D.

Epinephrine 5.0±0.35 4.9±+0.40

1-34 PTH 3.4+0.30 1.0±0.07

Epinephrinie
+ propraiiolol 0.95±0.06 N.D.

1-34 PTH
+ propranolol 3.50±0.25 N.D.

NaF 9.0±0.7 9.3±0.60

* Trypsin (1 *ng/ml) was incluided during collagenase di-
gestion.

Values are mean±SD of triplicate determinations.
§ N.D., not determined.

effect on the enzyme in its PTH-ligaiuded state.
Combination of PTH an(l GMP(PNP) resulted in an

increase by about 300% above GMP(PNP)-activated
levels (P c 0.05).

Depicted in Fig. 2 is a typical log dose-response
curve for the putire synithetic 1-34 PTH fragment on

the human fat cell adenylate cyclase. The concentra-
tion of 1-34 PTH produicing half-maximal stimtulation
was abouit 1.1 ,ug/ml corresponding to about 4 U/ml.
Maximal response was observed at a 1-34 PTH con-

centration of about 12 ,ug/ml.
Table I compares the effects of ACTH, glutcagon,

1-34 PTH, and epinephrine on the adenylate cyclase
activity of human fat cell ghosts prepared from un-

treated or trypsinized fat cells. In ghosts from un-

treated controls ACTH (0.1 mg/ml) and glucagon
(0.1 mg/ml) were ineffective in stimulating the enzyme
system. 1-34 PTH (12 ,ug/ml), epinephrine (0.1 mM),
and NaF (20 mM) caused about 3-, 4-, and 10-fold
increases of enzyme activity in this membrane prepara-

tion. The stimulatory action of epinephrine was com-

pletely inhibited by 0.01 mM propranolol. This
,8-blocking agent had no effect on the 1-34 PTH-
activated rates of cAMP formation.

Pretreatment of fat cells with trypsin (1 mg/ml)
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had no substantial effect on basal enzyme activity
but resuilted in an almost complete abolishment of
1-34 PTH stimulation. The responsiveness to
epinephrine and NaF was not altered uindler these
conditions.

DISC'USSION

The existence of an epinephrine-sensitive adenylate
cyclase in humian fat cell ghosts has been demonstrated
in several recent reports (5-10). It has been shown
that parathyroid hormone can promote lipolysis in
human adipocytes (14, 15). To our knowledge, how-
ever, a direct action of PTH on the htuman fat cell
adenylate cyclase has not yet been reported. Our
results are in good agreemernt with the concept
that the effects of PTH on human adipose tisstue are
mediated via activation of the membrane-associated
adenylate cyclase system. The effective concentra-
tions of PTH are in the same range as those reported
to be necessary to activate lipolysis in intact adipo-
cytes in vitro (14, 15). These hormone concentrations
are unplhysiologically high. It is a commonexperience,
however, to find the adenylate cyclase system in vitro
miiuch less sensitive to hormones than the intact target
tissue in vivo. The specificity of PTH action is fuirther
underscored by the observation that even higher con-
centrations of other peptide hormones such as ACTH
and glucagon were ineffective in stimulating the
enzyme system.

Since activation by PTH was not inhibited by f3-
adrenergic blockade with propranolol, it is obvious
that this hormone acts at sites distinct from the
,8-adrenergic receptor. The absence of PTH effect
after pretreatment with trypsin has also been re-
ported from membrane preparations of kidney (16) and
skeletal tissue (17). This observation implies that
PTH acts via specific membrane proteins not essential
for catalytic activity, catecholamine binding, or NaF-
stimulation. Thus, our results support the existence of
a multireceptor-couipled adenylate cyclase in human
fat cell ghosts.
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