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Summary. Cyclic 3’,5’ nucleotide phosphodicsterase
and adenyl cyclase were measured in homogenates pre-
pared from isolated fat cells from obese (NZO/BIl) and
normal mice. Young obese mice showed increased phos-
phodiesterase activity compered with controls. Older
mice of both strains showed markedly diminished phos-
phodiesterase activity which, however, remained higher
in tissue from the obese mice. — Adenyl cyclase activity
was higher in tissue from both young and old obese mice
than in tissue from controls of the same age. However, the

In an earlier paper [15] we described the rates of
lipolysis and levels of cyclic AMP in adipose tissue from
New Zealand obese (NZO/Bl) mice. Qur findings sug-
gested that the diminution in lipolysis seen in fat cells
from young obese mice was caused by a failure of the
levels of cyclic AMP to rise in response to catechol-
amines. In the present work we describe measurements
of the activity of the enzymes involved in the control of
cyclic AMP metabolism. An increase in the activity of
phosphodiesterase in adipose tissue from young obese
mice may be the reason for the diminished levels of
cyclic AMP noted earlier.

Methods and Materials

Animals

Male NZO/Bl and NZY/Bl mice were obtained
from the Hugh Adam Department of Cancer Research,
University of Otago. They were fed and cared for as
described previously [3]. NZY/Bl mice, of a non-obese
inbred strain, were used as controls in all experiments.
Isolated fat cells were prepared from the epididymal
fat pads and incubated as described previously [15].

Measurement of Phosphodiesterase Activity in Homo-
genates of Fat Cells

Phosphodiesterase activity in fat cell homogenates
was assayed by the method of Loten and Sneyd [14].
Values for Km and Vmax were calculated by the meth-
od of Spears, Sneyd, and Loten [19].

Measurement of Adenyl Cyclase Activity
Many methods for the assay of adenyl cyclase in fat
cells use radioactive ATP as the substrate, the labelled
cyclic AMP formed during incubation being separated
from other radioactive products [17, 1, 21]. The high

adenyl cyclase activity observed in homogenates of tissue
from control animals was insufficient to account for the
rate of rise of eyclic AMP in the intact tissue. — It is
proposed that the increased phosphodiesterase activity in
young obese mice accounts for the decreased cyclic AMP
levels observed earlier in isolated fat cells.

Key words: NZO/Bl mice, obesity, adipose tissue,
adenyl cyclase, phosphodiesterase.

cost of suitably-labelled ATP of high specific activity
forced us to develop a method employing unlabelled
ATP as the substrate. The cyclic AMP formed during
incubation of cell homogenates with ATP was separat-
ed and assayed by the competitive protein-binding
method of Gilman [6].

Isolated fat cells were washed twice in Krebs Ringer
bicarbonate buffer [9], and onee in 25 mM glyeylglycine
buffer (pH 7.5} containing 2.0 mM MgSO,. The cells
were then resuspended in 1.2 ml of the same buffer,
containing lecithin (2.5 pg/ml), lysolecithin (2.5 pg/ml)
and 5.0 mM ethyleneglycol-bis-(f-aminoethyl ether)N
N’-tetracetic acid (EGTA). The addition of lecithin
and lysolecithin to the homogenising medium increased
the adenyl cyclase activity of homogenates by about
509%,; other combinations of phospholipids were less
effective. The cells were homogenised by brief shaking
in a glass test tube on a Vortex mixer,

The homogenate (100 pl containing the equivalent
of 5—20 mg of fat cells) was added to 125 ul of the
assay mixture containing 9.0 umole of Tris-HCl buffer
(pH 8.0), 0.45 pmole of ATP, 1.125 umole of MgCl,
2.25 pmole of theophylline, 0.112 pmole of GTP, 225 pg
of bovine serum albumin and an ATP-regenerating
system comprising phosphoenolpyruvate (2.25 ymole)
pyruvate kinase (1.2 pg) and myokinase (1.25 pg). The
mixture was shaken at 37° for 10 min.

The reaction was stopped by adding 0.5 ml of
50 mM HCI containing tracer amounts of [3H] cyeclic
AMP (10,000 cpm) and placing the tubes in an ice bath.
The cyclic AMP was purified by a modification of the
technique already described [15]. Briefly, this involved
sequential anion and cation-exchange column chro-
matography, the final acid effluent being Iyophilised and
taken up in 0.4 ml of 500 mM acetate buffer (pH 4.0).
Cyclic AMP in this solution was assayed by the com-
petitive protein-binding method. The radioactivity of
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an aliquot of the cyelic AMP solution in acetate buffer
was determined and the recovery of cyclic AMP cal-
culated ; this was generally better than 609.

Small amounts of eyclic AMP were detected in un-
incubated fat cell homogenates. Some cyclic AMP came
from the homogenised cells and the remainder appeared
to be a contaminant of the ATP and phosphoenol-
pyruvate used. The total cyclic AMP from these
sources was negligible compared with the amount pro-
duced during incubation of the homogenate.

Radioactivity was measured in a Packard Tricarb
Model 3375 seintillation spectrometer, using the scintil-
lation fluids and techniques previously described [15].

Chemicals

Crystalline porcine insulin (Lot PH 5589) and
crystalline glucagon (Lot 258-234-B-167-1) were gifts
from Dr. J. McGuire of Eli Lilly and Co., Indianapolis,
Indiana, U.S.A. Isoprenaline hydrochloride and nora-
drenaline bitartrate monohydrate were given by Win-
throp Laboratories, Auckland N.Z. Crotalus atrox
snake venom, crude bacterial collagenase (Lot 70C-
0300), myokinase, pyruvate kinagse, ATP, phosphoenol-
pyruvate and bovine serum albumin were all pur-
chased from the Sigma Chemical Co., St. Louis, Mo.,
U.8.A. Radiochemicals were purchased from the Radio-
chemical Centre, Amersham, England. [®H] cyclic
AMP was purified before use as described previously
[15]. Other chemicals used were of analytical grade.

Results

In previous experiments [15], eyclic AMP levels
were measured in four groups of mice. These were
NZO/BI mice aged either 16—21 weeks (“young™) or
14—21 months (“0ld”) and NZY/BI mice of similar
ages. Mice of the same four age groups were studied in
the present work. Young NZO/BI mice were gaining
weight rapidly and were usually somewhat heavier
than control mice of the same age, whereas old NZO/B1
mice were losing weight, but were nonetheless usually
heavier than young mice of either strain. Obese mice
reach a maximum weight at about 12 months, at which
time they are heavier than obese mice of the ages
studied in this work.

Phosphodiesterase Activity

Preliminary experiments with homogenates of
isolated fat cells from young obese mice suggested the
presence of two phosphodiesterases with different
affinities for cyclic AMP. When ‘v’ was plotted against
“v’/[8], [7], two straight lines were obtained (Fig. 1),
whereas one straight line is normally obtained for a
single enzyme showing Michaelis-Menten kinetics.
These findings could be caused by the presence of two
phosphodiesterases, or by a single phosphodiesterase
displaying negative cooperativity [2, 13, 20]. To show
unequivocally that two enzymes are present it is ne-
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cessary to separate them. This was not attempted in the
present work. Instead it was assumed that two phos-
phodiesterases were present and their kinetic para-
meters were calculated by the method of Spears ef al.
[19].

Table 1 shows Km and Vmax values for the phos-
phodiesterases in fat-cell homogenates from young
NZO/Bl and young NZY/Bl mice. The Vmax of the
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Fig. 1. Hofstee Plot (v against v/[8]) for phosphodiesterase
activity in a homogenate of isolated fat cells from a young
NZY /Bl mouse
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Fig. 2. Plot of v against [S] for adipose tissue phospho-
diesterase. Values of v were calculated as described in the
text, using the mean values for the kinetic parameters
given in Table 1 and 2. ——— Old NZY/BI, e Old
NZQ/Bl, ———- Young NZY/BI, Young NZO/BI

high Km enzyme from obese mice was much greater
than that from controls, but other kinetie parameters
were similar in the two strains. When old mice were
gtudied (Table 2) the most striking finding was the
absence of the high Km enzyme from fat cells from
NZY /Bl mice. In addition, the Vmax of the low Km
enzyme was lower in homogenates of fat cells from old
NZY/Bl mice than in those from old NZO/BI mice.
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Using the values in Tables 1 and 2, the rate of
hydrolysis of cyclic AMP by the two enzymes at
various substrate concentrations may be calculated
from the rearranged Michaelis Menten equation:

v ValS] v, [S]
Koy -+ [S] ' Ki, + [5]

where Km;, V;- are the Km and Vmeax of one enzyme,
and Km, and V, the Km and Vmax of the other en-
zyme, and [S] is the substrate concentration. Values of

low levels of cyclic AMP earlier observed in these cells,
we thought it necessary to assay adenyl cyclase in fat
cells as well. A crude homogenate of isolated fat cells
was used to avoid loss of activity during purification.
As shown in Table 3, the cells from obese mice had
greater basal and fluoride-stimulated adenyl cyclase
activity than did cells from controls. However, in
neither strain did isoprenaline stimulate the activity of
adenyl cyclase. The results of similar experiments on
tissue from old mice are shown in Table 4. While the

Table 1. Kinetic parameters of phosphodiesterase activity of fat-cell homogenates from
young obese and normal mice

Young NZY/Bl1

mice

Young NZO/Bl  Pe

Low Km (uM)

Low Vmax

(pmole/mg dry weight/min)
High Km (M)

High Vmax

(pmole/mg dry weight/min)

1.58--0.43 (11)

mice (NZO v NZY)
1.204+0.44 (11)® 0.5040.14 (13) >0.10
1.204+0.22 (13)  >0.10
55.1 +12.5 (11) 52.0 +5.44 (13) >0.80
5.89+1.24 (11) 14.4 +1.48 (13) <0.001

a P values calculated by Student’s t Test
b Number of experiments in parentheses, Mean-+S.E.M.

Table 2. Kinetic parameters of phosphodiesterase activity of fat-cell homogenales from

old obese and normal mice

Old NZY/Bl1 0Old NZO/Bl1 pa

mice mice (NZO v NZY)
Low Km (pM) 0.20-4-0.04 (10)> 0.87+ 0.22 (10) <0.01
Low Vmax
(pmole/mg dry weight/min) 0.1840.04 (10) 0.96+ 0.19 (10) <0.001

High Km (uM) -
High Vmax
(pmole/mg dry weight/min) 0.00

77.1 +20.6 (10)

5.44-- -0.77 (10)

a P values calculated by Student’s t Test
b Number of experiments in parentheses. Mean 4 S.E.M.

Table 3. Adenyl cyclase activity n fai-cell homogenates from obese and normal mice

Cyclic AMP formed (pmole/mg dry weight/10 min)

Additions to the assay

Young NZY/BI Young NZO/Bl P»
system mice mice (NZO v NZY)
Nil 1.30+0.11 (6)0  2.52+4-0.47 (5) <0.025
Isoprenaline (0.89 pg/ml) 1.304-0.15 (6) 2.894-0.57 (5) <0.02
NaF (5.33 mmole/l) 4.024-0.40 (6) 9.21+2.24 (5) <0.05

a P values calculated by Student’s t Test

b Number of experiments in parentheses. Means--S.E.M.

v derived in this way for the four groups of animals are
plotted against [S] in Fig. 2. It can be seen that at any
substrate concentration the rate of cyclic AMP hydro-
lysis would be greatest in fat cells from young NZO/BI
mice.
Adenyl Cyclase Activity

Although the high overall phosphodiesterase activ-

ity in fat cells from young obese mice might explain the

activity of adenyl cyclase was apparently greater in
homogenates of fat cells from obese animals the differ-
ences were barely significant.

Discussion

These findings show that the cyclic 3,5’ nucleotide
phosphodiesterase activity in adipose tissue from
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young NZO/BI mice is greater than in tissue from lean
mice of the same age. In tissue from old lean mice,
there was no detectable high-Km phosphodiesterase;
and in tissue from old obese mice, the activity of the
high Km enzyme was less than 409, of that seen in
young mice. No reason can be advanced for this de-
crease in phosphodiesterase activity with age.

The cause of the elevated phosphodiesterase in fat
cells from young obese mice is not immediately ap-
parent. Because insulin can increase the rate of cyclie
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rate of formation of cyclic AMP in intact cells may be
calculated from the rate at which cyclic AMP ac-
cumulates when the cells are incubated withisoprenaline
and theophylline. This calculation must underestimaie
the rate of formation of cyclic AMP because hydrolysis
of cyclic AMP will be proceeding simultaneously, since
theophylline does not completely inhibit the phos-
phodiesterase.

A comparison of the caleculated minimum rate of
cyclic AMP formation in intact fat cells and the fluor-

Table 4. Adenyl cyclase activity in fat-cell homogenates from obese and normal mice

Cyeclic AMP formed (pmole/mg dry weight/10 min)

Additions to the assay

Old NZY/B1 0ld NZQ/Bl1 Pa
system mice mice (NZO v NZY)
Nil 0.844-0.19 (5)b  2.28-4+0.74 (5)  >0.05
Isoprenaline (0.89 pg/ml) 0.9840.27 (5) 2.6040.68 (5) >0.05
NaF (5.33 mmole/l) 2.714+0.58 (5) 5.84-1+2.07 (5) >0.10

a P values caleculated by Student’s t Test
b Number of experiments in parentheses. Means--S.E.M.

Table 5. Rate of accumulation of cyclic AMP by intact fat
cells and homogenates of fat cells from obese and normal mice

Rate of cyclic AMP accumulation®
(pmole/mg dry weight/min)

Young NZY /Bl Young NZO/BL
mice mice

1.52-4-0.25 (3)P 0.12-4-0.02 (3)

Intact cells

Homogenates of
fat cells 0.404-0.04 (6) 0.92-0.22 (5)

a Tsolated fat cells were incubated for 5 min with
isoprenaline (1 pg/ml) and theophylline (1 mamole/l). For
the estimation of cyclic AMP levels the cells were homo-
genised in 4 mM EDTA (pH 4.5) and the cyclic AMP
extracted and estimated by the method of Gilman (1970).
Cyclic AMP levels were also measured before the addition
of isoprenaline and theophylline. The rate of cyclic AMP
formation in the intact tissue was taken as:

Cyclic AMP at 5 min — Cyclic AMP at zero time
5
Adenyl cyclase activity in homogenates of fat cells was

measured in the presence of 5.33 mM NaF as described in

the text.
b Values are means--S.E.M. with the number of

observations in parentheses.

AMP hydrolysis by rat adipose tissue phosphodiester-
ase, it is possible that the increased activity of the
enzyme is a result of the chronic hyperinsulinism ex-
hibited by the NZO/BI mice [14, 18].

The finding of increased adenyl cyclase activity in
adipose tissue from young obese mice appears at first
sight to exclude the possibility that diminished adenyl
cyeclase activity contributes to the low levels of cyclic
AMP found here. However, it can be shown that the
adenyl cyclase activity observed in homogenates of
fat-cells is, in some cases, less than the rate of forma-
tion of cyclic AMP in intact fat cells. The minimum

ide-stimulated adenyl cyclase activity of homogenates
is made in Table 5. It is clear that, in the case of NZY/
Bl mice, the adenyl cyclase activity observed in homo-
genates was insufficient to account for the rate of ac-
cumulation of cyclic AMP levels in intact cells. How-
ever, the activity in homogenates of NZO/BI fat cells
was greater than the calculated minimum activity in
intact tissue. Thus the values obtained for adenyl
cyclase activiby in homogenates do not necessarily re-
flect the situation in whole tissue.

Adenyl cyclase in homogenates failed to respond to
hormones that raised cyclic AMP in the intact tissue.
Hormone sensitivity can be restored in solubilized
systems by the addition of phospholipids to the assay
system [11, 12]. In this study, however, various com-
binations of phospholipids failed to restore the re-
sponse to adrenaline of adipose tissue adenyl cyclase.

Previous reports on the activity of adenyl cyclase
and phosphodiesterase in adipose tissue from obese
animals are secanty. Adenyl cyclase and phospho-
diesterase were assayed in homogenates of whole fat
pads from ob/ob and normal mice [5]. The activities of
both enzymes, as expressed per mg of protein, were re-
duced in the preparations from the obese animals when
compared with controls. Phosphodiesterase activity
was also less than normal in adipose tissue of diabetic
mice [10]. On the other hand, Mengel and Schwabe [16]
stated that phosphodiesterase activity was 25, higher
in adipose tissue from objob mice, and Kaplan et al. [8]
found an increase in the Km as well as Vmax of the
high Km enzyme in adipose tissue from mice of the
game strain. Tt appears, however, that the reported
changes would lead to an overall decrease in phospho-
diesterase activity at low substrate concentrations.

Bray and York [4] suggested that, of all the known
strains of obese rodents, NZO/Bl mice were most likely
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to have a specific metabolic defect located in adipose
tissue. The evidence presented in this paper has shown
the presence of increased phosphodiesterase activity
which could lead to the retention of lipid in triglyceride
stores in young animals. The results obtained with
older animals suggest that the changes are at least
partially reversible with time. The role of adenyl
cyclase activity in the control of cyclic AMP levels in
obese mice is not clear because estimates of activity in
homogenates did not always correspond to the cal-
culated minimum rate of cyclic AMP formation in
intact tissue. Much further work remains to be done
before abnormalities in lipid synthesis or pancreatic
function can be excluded as factors contributing to
obesity in this strain of mice.
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