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Summary - In the soluble fraction of adipocytes from Bar Harbor
ob/ob mice, phosphodiesterase exhibits abnormal kinetics for
cyclic AMP as compared to adipocyte extracts from normal litter-
mates : a 10 fold increase of the high Km enzyme and a 2 fold
increase of the corresponding Vmax. Upon starch gel electropho-
resis an abnormal pattern was seen. These abnormalities were
found regardless the nutritional status of the animals. There
was no kinetic abnormality with cyclic GMP.

INTRODUCTION - In the course of our investigations on cyclic AMP
mediated effect of hormones on the adipose tissue of Bar Harbor
obese hyperglycemic mice (ob/ob) (1-3), we have studied the
possible involvment of the cAMP degrading enzyme, phosphodieste-

rase.

MATERIALS AND METHODS - Obese hyperglycemic mice (ob/ob

Bar Harbor strain) and their non obese littermates used as nor-
mal controls, 7-9 weeks of age, were obtained from "Centre
d'Elevage du C.N.R.S." (45 - Orléans-la-Source). Animals were
fed ad libitum (unless stated otherwise) on mouse chow. Adipo-
cytes from epididymal and ovarian fat pad were isolated by the
method of Rodbell (4). We have used for this study the 20 000 g
infranatant obtained in the course of preparation of fat cell
membranes according to a previousliy reported method (5). This
fraction represents the cytosol and part of the endoplasmic
reticulum in a medium made of 0.25 M sucrose, 10 mM Tris HC1,

8
Copyright © 1973 by Academic Press, Inc. 100

All rights of reproduction in any form reserved.



Vol. 51,No. 4, 1973 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

pH 7.4, 3 mM ATP and 1 mM EDTA. Cyclic AMP phsophodiesterase was
assayed after dialysis against a 50 mM Tris HCl buffer pH 7.4

containing 2 mM Mg SO,. This step permitted to remove ATP and

4
EDTA which are known inhibitors of phosphodiesterase (6). The
extracts contained from 1.2 to 1.8 mg protein/ml. The phospho-
diesterase was assayed at 37° C using 8—(3H) labeled CAMP or
cGMP as a substrate according to the method described by
Thompson and Appleman (7). The enzyme activity was expressed as
nanomoles of cAMP hydrolized per minute and mg protein. Kinetic
data were obtained from Lineweaver and Burk plots with nine dif-
ferent concentrations of cAMP ranging from 6.2 yM to 0.5 mM.
Starch gel electrophoresis with specific staining for phospho-
diesterase was performed with the method of Monn and
Christiansen (8), slightly modified (9). Prior to electrophore-
sis the samples were dialyzed and concentrated under vacuum
pressure up to approximately 25 mg protein/ml for the ob/ob adi-
pocyte extracts and 50 mg protein/ml for the normal mouse adipo-
cyte extracts.

RESULTS - Kinetic_studies using cyclic AMP : Normal mouse adipo-
cyte extracts exhibited two apparent Km's for cAMP : a high Km

(4 to 5.10—4M) and a low Km (5 to 7.10_6M) with respective Vmax
of 5.5 to 7.5 and 0.16 to 0.20 nanomoles/mg protein/mn (table I).
In obese ob/ob the high Km was repeatedly found increased by one
order of magnitude (2.10_3M) and the corresponding Vmax multip-
lied by two (12-16 nanomoles/mg protein/mn), whereas the low Km
and the corresponding Vmax remained unchanged (table I). In
order to determine whether this kinetic abnormality was speci-

fic or artefactual, we have carried out kinetic measurements in

adipocyte extracts from ob/ob mice in different nutritional

conditions : (a) ob/ob mice having returned to normal weight
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TABLE I

Kinetic values of phosphodiesterase using CAMP as a substrate

(Vmax expressed in nanomoles / mg prot./mn)

S i '
ource of adipose “high Km" "low Km"

tissue extract
-4 6

Controls Km = 4-5,10 M Km = 5-7.10 M
(normal littermates) Vmax = 5.5-7.5 Vmax = 0.16-0.2

(5 exp)
ob/ob Km = 2.10 °M Km = 2-5.10 %M
obese Vmax = 12-16 Vmax = 0.06-0.15

(3 exp)
ob/ob Km = 2.10_3M Km = 2.10—6M
reduced weight Vmax = 12 Vmax = 0.08

(1 exp)
ob/cb Km = 2.10 °M Km = 3.10 oy
fasting Vmax = 17 Vmax = 0.14

(1 exp)
ob/0b Km = 3.10 M Km = 7.10 %y
young "pre-cbese" vmax = 16 Vmax = 0.15

(1 exp)

after a two week period of restricted diet (2.5 g chow a day) ;
(b) ob/ob after a 24 hour fast ; (¢) "pre-obese" ob/ob mice
sacrified at an early stage (4 weeks) when the obesity is not
yet apparent while the hyperinsulinism is already present. In
these three groups the same abnormal kinetic pattern was also
found viz. an increase of the high Km and the corresponding

Vmax (table I).

When cGMP was used as a substrate in the phosphodiesterase reac-
tion, only one apparent Km for cGMP was found in normal mouse
adipocyte extracts (Km : 2 mM and Vmax : 10 nanomoles/mn/mg pro-
tein). In the different groups of ob/ob mice the observed kine-

tic wvalues for cGMP were identical to those found in normal mice.
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Fig. 1 - Starch gel electrophoresis (pH 7.7) of soluble phospho-
diesterase from adipocytes of obese hyperglycemic (ob/ob) mice
and their control non-obese (thin) littermates. The enzyme was
visualized according to the method of Monn and Christiansen (8)
in which the 5'-AMP formed is linked to NADH oxidation through
adenylate kinase, pyruvate kinase and lactate dehydrogenase. The
dark bands represent zones where fluorescing NADH has been oxi-
dized into non-fluorescing NAD . No bands were seen if CAMP was
omitted in the reaction mixture.

Channel 1 and 3 : ob/ob mouse adipocyte extracts (protein con-
centration : 26 mg/ml). Channel 2 : adipocyte extracts from
control mice (protein ccncentration : 45 mg/ml). Photographs
taken under longwave UV light on 3000 ASA Polaroid film through
a yellow filter, after incubation for 10 minutes {(A) and 40
minutes (B).

of multiple molecular forms of phosphodiesterase distinguishable
by electrophoresis followed by specific staining (8-12). We have
therefore submitted the extracts of the above mentioned groups
to this technique. The pattern was found to be different in
ob/ob mice as compared to their normal littermates. As shown on
fig. 1, in normal adipocyte extracts the phosphodiesterase ap-
pears essentially as a major band, with a second more anodic
band only visible if the protein concentration of the sample
submitted to electrophoresis is increased and the incubation

time prolonged. In contrast, in ob/ob mice, whatever their state
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of nutrition or stage of development, the respective intensity
of the two fractions was modified with considerable enhancement
of the anodic band (fig. 1).

DISCUSSION ~ Our findings showing the existence of phosphodies-
terase with two different Km's for cAMP in normal mouse adipo-
cytes are in agreement with previously reported data obtained in
other species (13-16).

In ob/ob mice our results indicate that quantitative and quali-
tative abnormalities of the phosphodiesterase system occur in
the soluble fraction of isolated fat cells from genetically
obese mice. Although the significance of these findings remains
unclear at the present time, the data reported here suggest for
the first time that phosphodiesterase might be implied in the
pathogenesis of obesity. The fact that the kinetic and electro-
phoretic abnormalities of phosphodiesterase persist in fasting
mice, as well as mice which have recovered a normal weight after
a restricted diet indicates that they are not mere artefacts
directly or indirectly connected to overweight or food intake
excess, Moreover it is significant that an identical kinetic
abnormality was found in ob/ob mice at the age of 4 weeks, when
the animals weight is still not different from that of the
normal littermates and when the blood insulin level is already
increased (17). It is therefore concluded that the phosphodies-
terase abnormality is an early phenomenén preceeding the onset
of clinical obesity. It might be related to the hyperinsulinism,
although the question of the effect of insulin upon phospho-
diesterase is still controversial (13, 18, 19). It should be
emphasized that the kinetic alterations we obse:ved in the ob/ob
adipocytes are entirely different from those found by Loten

and Sneyd in normal rat adipocytes incubated in the presence
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of insulin (19). The phosphodiesterase abnormality in ob/ob
adipocytes may as well represent the primary genetic defect or
be more likely the consequence of a still unknown underlying
phenomenon. Any conclusion as to whether the primary cause
involves a specific regulatory system activating (20) or inhi-
biting phosphodiesterase (21), or a more general process with
pleiotropic effect on the adipocyte is premature. In this
respect noteworthy is the fact that the abnormalities found in
the ob/ob mice involve both membrane systems - insulin and
catechol receptors, adenylcyclase (1-3) -, and a cytosolic
enzyme, phosphodiesterase. This points to an abnormality of

cellular differentiation of the adipocyte.
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