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Abstract—Adenyl cyclase was assayed iz vitro by measuring the rate of formation of
radioactive cyclic 3’,5'-adenosine monophosphate (cyclic 3',5'-AMP) from its 14C-labeled
precursor, adenosine triphosphate, and phosphodiesterase activity was determined from
the rate of hydrolysis of cyclic 3',5-AMP.

Studies of the distribution of these two enzymes in various parts of rat brain revealed
that, in general, enzyme activity was higher in those areas containing grey matter (cerebral
cortex) than in areas consisting predominantly of white matter (pons, medulia, spinal
cord). However, there was no correlation between the relative activities of adenyl cyclase
and of phosphodiesterase in the various areas of the brain; the greatest discrepancy
was found in the cerebellum, corpora quadrigemina and pineal gland where, relative to
other brain areas, there was high adenyl cyclase activity compared with that of phos-
phodiesterase. Moreover, the distribution pattern of adenyl cyclase was different from
that of the catecholamine concentration in the brain.

Resuits of differential centrifugation of bovine pineal gland and of rat cerebellar
homogenates indicated that most of the adenyl cyclase is particulate, being in the
mitochondrial and microsomal fractions, whereas the majority of the phosphodiesterase
is soluble. The sp. act. of the mitochondrial and microsomal fractions of pineal adenyl
cyclase was about four times that of the whole homogenate. No such increase in specific
activity was obtained with cerebellar homogenates. The possibility that an activator of
adenyl cyclase is present in soluble supernatant fractions of cerebellar homogenates is
discussed.

THE NUCLEOTIDE, cyclic 3',5'-adenosine monophosphate (cyclic 3',5-AMP) elicits
effects in several tissues similar to those of a wide variety of hormones and transmitters.
For example, cyclic 3',5'-AMP simulates the glycogenolysis elicited by catecholamines
on liver homogenates! and the lipolysis induced by the amines on fat pad homogenates?
and on intact fat cells.? In addition, cyclic 3',5-AMP induces steroidogenesis in adrenal
cortex? and in corpus luteum,® thus mimicking the actions of adrenocorticotropic
hormone and leuteinizing hormone respectively. Moreover, like serotonin, this
nucleotide stimulates phosphofructokinase activity of the liver fluke.® Since many
hormones and transmitters increase tissue concentrations of cyclic 3',5'-AMP, it has

* A preliminary report of the distribution and subcellular localization of adenyl cyclase and
phosphodiesterase was presented at the Seventh International Congress of Biochemistry, Tokyo, 1967.
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been proposed that this cyclic nucleotide mediates the response of these compounds.?s 8

Increased tissue levels of cyclic 3',5-AMP may be caused either by an enhancement
of the activity of adenyl cyclase, the enzyme that catalyzes the conversion of adenosine
triphosphate (ATP) to cyclic 3',5-AMP,? or by an inhibition of 3',5'-cyclic nucleotide
phosphodiesterase, the enzyme that catalyzes its hydrolysis to 5-~AMP.10 Since these
enzymes are present in practically all tissues and their activities are especially high in
brain,® 19 they may play a major role in regulating the cellular responses to a number
of hormones and chemical mediators of nerve impulses.

Generally, phosphodiesterase activity is greater than that of adenyl cyclase; despite
this discrepancy, cyclic 3',5-AMP accumulates in tissues, suggesting that the two
enzymes are compartmentalized in distinct subcellular sites.

The subcellular distribution of phosphodiesterase has been studied by several
investigators with the following results. Nair!! reported that more than half of the
phosphodiesterase of dog heart is in the 105,000 g supernatant fluid, and Drummond
and Perrott-Yee!? found that the phosphodiesterase activity of rabbit brain homo-
genates is localized wholly in the 100,000 g supernatant fraction. However, others have
reported!® a microsomal localization of phosphodiesterase activity of rat brain. Since
these investigators did not assay adenyl cyclase on the same fraction, it is difficult to
assess the relative subcellular distribution of the two enzymes. In studies of rat
cerebral homogenates, we found that about 50 per cent of the adenyl cyclase was in the
crude mitochondrial fraction, whereas the majority of the phosphodiesterase was in
the supernatant fraction.!4 Recently, De Robertis et al.)5 reported that in rat brain
cortex, about 65 per cent of the phosphodiesterase and essentially all of the adenyl
cyclase was particulate.

The present study was undertaken to determine the distribution of adenyl cyclase
and phosphodiesterase in discrete areas of rat brain and to examine the subcellular
localization of adenyl cyclase and of phosphodiesterase in the cerebellum and pineal
gland.

The pineal gland was chosen because pineal adenyl cyclase is stimulated specifically
by pharmacologically active catecholamines.!® Furthermore, in contrast with other
areas of the brain, the pineal gland is innervated exclusively by fibers originating from
the sympathetic nervous system;!7 thus, this gland is provided with postjunctional
sites which are solely adrenergic in character.

METHODS

Male Sprague-Dawley rats (180-220 g) were used in investigations of the distribution
of adeny! cyclase and of phosphodiesterase. The animals were sacrificed by decapitation
and the brain was removed. Specific brain areas were dissected with the aid of the
atlas of Konig and Klippel.1® Bovine pineal glands were obtained from the Allen
Meat Packing Co., Elizabeth, N.J. The glands were removed and stored on ice within
30 min after the animals were killed by carotid exsanguination.

Phosphodiesterase activity was determined by the method of Butcher and
Sutherland® with certain modifications.3 Briefly, the tissues were homogenized in Tris
hydrochloride buffer (0-05 M), pH 80, containing MgS804 (3 « 103 M), and centri-
fuged for 10 min at 1000 g. The supernatant fluid was incubated with cyclic 3',5'-AMP
(10-3 M) for 15 min at 30°. The 5-AMP formed was determined from the amount of
inorganic phosphate released under the catalytic influence of alkaline phosphatase
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added in excess. Phosphate was analyzed according to the procedure of Buell ef a/.19

Adenyl cyclase was determined by methods previously described.!8: 20 The assay is
based on measuring the rate of formation of carbon-labeled cyclic 3',5-AMP from its
radioactive precursor, ATP-8-14C. The tissues were homogenized in Tris-HCI buffer
(0-05 M), pH 7-4, and the whole homogenate (equivalent to approximately 100 ng
protein) was incubated with 1 uc ATP-8-14C (2 » 103 M), NaF (10-2 M), “carrier”
cyclic 3',5-AMP (3 x 10-3 M) or theophylline (10-2 M) and Mg+t (3 x 10-3 M) in
100 pd Tris-HC1 buffer (0-05 M), pH 7-4, at 30° for 10 min. Theophylline or ‘““carrier™
cyclic 3',5-AMP was added to the incubation vessels to prevent the destruction of
the newly formed radioactive cyclic 3',5-AMP. Theophylline inhibits phospho-
diesterase,?: 19 thus preventing the enzymatic hydrolysis of cyclic 3',5-AMP. Carrier
cyclic 3',5-AMP effectively traps the radioactive cyclic 3',5-AMP without interfering
with its formation. The rate of accumulation of radioactive cyclic 3,5-AMP was
shown to be similar regardless of which procedure was used to prevent the hydrolysis
of the labeled product.16

From the O.D. (260 mpy) of the final purified material, the recovery of cyclic
3'.5'-AMP in each sample was determined and appropriate corrections were made. If
carrier cyclic 3',5'-AMP was not added at the beginning of the incubation period, it
was added at the end of the incubation period and carried through the purification
steps to correct for the recovery of the cyclic nucleotide. The cyclic nucleotide was
separated from contaminating products by adsorption onto, and elution from,
Dowex 50 ion-exchange columns. Cyclic 3',5-AMP was further purified by
precipitating any residual trace contaminants with the addition of zinc sulfate and
barium hydroxide solutions. These procedures result in the recovery of cyclic 3',5'-
AMP in a chromatographically and crystallographically pure form.2!

In studies of the subcellular distribution of adenyl cyclase and of phosphodiesterase,
the tissuc was homogenized at 0° for 30 sec in 0-32 M sucrose containing magnesium
sulfate (3 ;< 10-3 M) with a Duall glass tissue grinder and Teflon pestle having a
clearance of 0-] to 0:15 mm and fractionated by differential centrifugation, according
to the procedures described by Gray and Whittaker22 and by De Robertis et al.23 A
more detailed description of centrifugation procedures and alternate methods used in
various experiments is described in the legends to the tables.

Materials. Adenosine triphosphate (ATP)-8-14C disodium (crystalline) was pur-
chased from Schwarz Bioresearch, Inc.; cyclic 3',5-AMP from Calbiochem; alkaline
phosphatase, type 111, from Sigma Chemical Co. Other chemicals and reagents were
purchased from general commercial sources.

RESULTS

Distribution of adenyl cyclase and phosphodiesterase in rat brain. Table | shows the
distribution of adenyl cyclase and of phosphodiesterase in various parts of rat brain.
Relatively high adenyl cyclase activity was found in the cerebral cortex, corpora
quadrigemina, cerebellum, olfactory bulb, thalamus and pineal gland, whereas the
pons, medulla and spinal cord exhibited relatively low enzyme activity. Areas of high
phosphodiesterase activity were cerebral cortex, caudate nucleus and septal region,
while low activity was found in the corpora quadrigemina, cerebellum, pons, spinal
cord and pineal gland. Thus, the areas of high adenyl cyclase activity do not necessarily
correspond to the areas of high phosphodiesterase activity; the greatest discrepancy
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was found in the corpora quadrigemina, cerebellum and pineal gland where, relative
to other brain areas, adenyl cyclase activity was high compared with that of phos-
phodiesterase. It should be noted that Table 1 presents adenyl cyclase activity of the
whole homogenate and phosphodiesterase activity only of the high-speed supernatant
fraction (which contains about half of the total activity). Taking into account the
differences in specific activity of the latter enzyme in various subcellular fractions (see
Table 2), these measurements in vitro revealed that in most of the brain areas studied
the phosphodiesterase activity exceeded that of adenyl cyclase by almost 100-fold.

TABLE [. DISTRIBUTION OF ADENYL CYCLASE AND PHOSPHODIESTERASE
IN RAT BRAIN

Tissue Adenyl cyclase* Phosphodiesteraset

Parietal cortex 28 + 0-06 49 + 2
Corpora quadrigemina 026 -+ 0-04 et
Olfactory bulb 0-25 4+ 001 19 = 2
Thalamus 0-24 + 0-06 24 -2
Pineal gland 021 +0-02 10+ 2
Hippocampus 0-20 -+ 0-02 48 L

Cerebellum 020 .+ 0-04 71
Olfactory tubercle 0-19 4 0-01 25 -4
Septum and fornix 016 -+ 003 303
Hypothalamus 015 - 004 25+ 1
Caudate nucleus 0-14 - 0-03 3242
Medulla 013 4 002 I+t
Pons 0-10 4 0-02 11+ 1
Spinal cord 0-08 -+ 0-01 8 -1

* Adenyl cyclase, mumoles cyclic 3,5-AMP formed/mg
protein/min -+ S.E. Tissues were homogenized in Tris-HCl
buffer (0-05 M), pH 7-4, containing MgSO4 (3 > 10-3 M). The
whole homogenate was assayed for adenyl cyclase activity by
incubation with ATP-8-MC (2 < 10-3 M), sodium fluoride
(1 x 1072 M), theophylline (1 < 102 M) and MgSO4 (3 <
10-3 M) in Tris-HCI buffer (0-05 M) as described in Methods.
Fach figure represents the mean of 5 experiments.

t Phosphodiesterase, mpmoles cyclic 3',5-AMP hydrolyzed/
mg protein/min -+ S.E. Tissues were homogenized in Tris-HCl
buffer (0-05 M), pH 8-0, containing MgS0O4 (3 x 10-3 M). The
homogenate was centrifuged at 1000 g for 20 min. The super-
natant fluid was assayed for phosphodiesterase activity as
described in Methods. Each figure represents the mean of 6
experiments.

Subcellular distribution of adenyl cyclase and of phosphodiesterase in pineal gland.
Studies of the subcellular distribution of adenyl cyclase and of phosphodiesterase in
the bovine pineal gland showed that the majority of phosphodiesterase activity is in
the soluble supernatant fraction of a 100,000 g centrifugation, whereas most of the
adenyl cyclase activity resides in the crude mitochondrial fraction (Table 2). The
specific activity of adenyl cyclase in the crude mitochondrial fractions was more than
three times that of the whole homogenate, and the specific activity of phosphodiesterase
in the soluble fraction was about two times that of the whole homogenate.

When bovine pineal homogenates were fractionated at centrifugations of 900 g,
11,500 g and 10,000 g rather than at 900 g, 17,000 g and 100,000 g, the increase in
specific activity of adenyl cyclase in the *“mitochondrial” and “microsomal” fractions
was similar and about 20 per cent of the total activity sedimented with the “'microsomal”
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fraction (Table 3). Thus, these data indicate that most of the adenyl cyclase of bovine
pineal resides in material sedimenting with mitochondria and heavy microsomes.
The large discrepancies in adeny! cyclase activity shown in Tables 2 and 3 were
probably due to the rapid loss of enzyme activity with standing. It was found, for
example, that preincubation of rat pineal homogenates at 30° for 60 min resulted in a

TABLE 2. SUBCELLULAR DISTRIBUTION OF ADENYL CYCLASE AND PHOSPHODIESTERASE
OF BOVINE PINEAL GLAND

Adenyl cyclase Phosphodiesterase
Relative % of Relative % of
sp. act. total sp. act. total
Fraction + S.E* activityt + S.E.* activityt

Whole homogenate 1-0 100 [-0 100
900 g Supernatant 1:21 4- 0-02 65 17 4+ 007 83
900 ¢ Sediment (*‘nuclei’’) 06 401 25 0-56 4+ 0-05 19
17,000 ¢ Supernatant 01 401 3 17 +0-02 50
17,000 g Sediment (“‘mitochondria™) 34 +4- 04 50 04 + 001 20
100,000 Supernatant 0 1-6 + 001 45
1000,000 ¢ Sediment (“‘microsomes™) 01 -- 01 1 10 +02 3

* Relative sp. act., amount of cyclic 3',5-AMP formed or destroyed per quantity of protein per
unit time compared with that of the whole homogenate. For adenyl cyclase, 1 = 1-2 pumole cyclic
3',5-AMP formed/mg protein/min. For phosphodiesterase, I = 11 mumole cyclic 3',5-AMP
hydrolyzed/mg protein/min. Each figure represents the mean of 4 determinations of one fractionation.
Bovine pineal glands were homogenized in 0-32 M sucrose containing MgSOs (3 x 10-3 M). The
homogenate was centrifuged at 900 g for 10 min. The supernatant fluid was removed and the sediment
was washed by resuspending in sucrose-Mg and centrifuging once more at 900 g for 10 min. The
combined supernatants were centrifuged for 60 min at 17,000 g. The sediment was washed by re-
suspending and recentrifuging at 17,000 g for 60 min. The combined supernatants were finally
centrifuged at 100,000 g for 60 min. The washed sediments were suspended in Tris-HCI buffer and
portions of each fraction were analyzed for phosphodiesterase as described in Methods and for
adenyl cyclase by incubation with ATP-8-14C (2 x 10—3 M), “‘carrier” cyclic 3',5'-AMP (3 x 10-3 M),
MgSO4 (3 x 1073 M) in Tris-HCl buffer (0:05 M), pH 7-4.

+ The total activity was calculated by multiplying the total protein in each fraction by the relative
specific activity. The whole homogenate was arbitrarily given a value of 100. The actual recovery was
76 per cent for adenyl cyclase and 87 per cent for phosphodiesterase when compared with the whole
homogenate.

TABLE 3. SUBCELLULAR DISTRIBUTION OF ADENYL CYCLASE
OF BOVINE PINEAL GLAND*

Relative
Fraction sp. act. % of total activity
Whole homogenate | 100
900 g Sediment (“‘nuclei™) 1-2 19
11,500 ¢ Sediment (‘“‘mitochondria’™) 33 30
100,000 g Sediment (“‘microsomes™) 40 20
100,000 g Supernatant 0-2 6

* Bovine pineal glands were homogenized in 0-:32 M sucrose containing
MgSOs (3 X 10-3 M) and subcellular fractions were prepared as
described in Table 2, with the exception that the 900 g supernatant
fraction was centrifuged at 11,500 g for 20 min rather than at 17,000 g
for 60 min. The assay for adenyl cyclase and the terms “relative sp. act.”
and “‘per cent of total activity” are defined in Table 2. In these experi-
ments 1 = 16 pumole cyclic 3°,5'-AMP formed/mg protein/min and the
recovery of enzyme activity was 75 per cent of the whole homogenate.
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75 per cent loss of adenyl cyclase activity (Weiss, unpublished). It was difficult to
control the interval between the time the steers were sacrificed and the time the pineals
were removed, transported back to the laboratory, fractionated and assayed. Processing
and assay of rat pineal glands could be conducted more rapidly (within 30 sec) and
controlled more readily, thus accounting for the considerably greater enzyme activity
of rat pineals (see Table 1).

Subcellular distribution of adeny! cyclase of rat cerebellum. Table 4 shows that
adenyl cyclase of subcellular fractions of rat cerebellum was distributed mostly

TABLE 4. SUBCELLULAR DISTRIBUTION OF ADENYL CYCLASE
OF RAT CEREBELLUM*

Fraction Sp. act.t %, of total activity

Whole homogenate 193 | 14 100
900 g Sediment (*‘nuclei’’) 133 12 41
11,500 g Sediment (“mitochondria’) 134 4 2 21
17,000 g Sediment (*‘mitochondria

and heavy microsomes’) 98 1 1 7
100,000 g Sediment (‘*microsomes’") 61 4 1 2
100,000 ¢ Supernatant 0 0

* Rat cerebella were homogenized in 0°32 M sucrose containing MgSO4
(3 x 1073 M). The homogenates were centrifuged and the following
fractions were sedimented, washed and assayed for adenyl cyclase
activity: 900 ¢ for 10 min; 11,500 g for 20 min; 17,000 ¢ for 60 min;
100,000 g for 60 min; 100,000 g supernatant fluid. Adenyl cyclase activity
was determined as described in Methods. Each value is the mean of 4
determinations of one fractionation. The recovery of adenyl cyclase was
71 per cent of the whole homogenate.

T Cyclic 3",5'-AMP formed (uumoles/mg protein/min) -+ S.E.

between the “‘nuclear” and “‘mitochondrial™ fractions. In contrast with the bovine
pineal gland, fractionation of the cerebellum resulted in a decrease in the specific
activity of the enzyme. The possibility that this decrease was due to the removal of a
soluble activator of the enzyme was examined. The experiment was repeated, adding a
portion of the soluble supernatant fraction to each of the other subcellular fractions.
The results shown in Table 5 indicate that the soluble supernatant material, which
itself had no adenyl cyclase activity, significantly enhanced the adenyl cyclase activity
of the 11,500 g (mitochondrial) fraction. However, adenyl cyclase activity of other
fractions was not increased, and the specific activity of the mitochondrial fraction was
still less than that of the whole homogenate.

DISCUSSION

Investigations of the distribution of adenyl cyclase in various regions of the rat
brain showed that enzyme activity was high in cerebral cortex, thalamus, corpora
quadrigemina, olfactory bulb, cerebellum and pineal gland, and relatively low in
the spinal cord, medulla and pons. Since it has been proposed that this enzyme is
involved in the mediation of responses of various cells to catecholamines,”> 24 it is of
interest to compare the distribution of adeny! cyclase with that of the catecholamines
in various brain areas. No correlation was found between enzyme activity and catechol-
amine content. For example, the concentration of norepinephrine is about ten times
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higher in the rat hypothalamus than in the cerebellum or cortex,?> whereas, as can be
seen from Table 1, there is more adenyl cyclase activity in the cortex and cerebellum
than in the hypothalamus. However, a lack of positive correlation does not necessarily
negate the proposal that the amines have a functional role in stimulating adenyl
cyclase in brain. The catecholamines have been shown to enhance enzyme activity
in vitro in cerebellum?26 and in pineal gland.18. 20, Moreover, a low concentration of

TABLE 5. EFFECT OF SOLUBLE SUPERNATANT FRACTION ON ADENYL CYCLASE ACTIVITY OF
SUBCELLULAR FRACTIONS OF RAT CEREBELLAR HOMOGENATES*

Cyclic 3",5-AMP formed
(pumoles/mg protein/min {- S.E.)

Without With
100,000 ¢ 100,000 ¢
Fraction supernatant supernatantt
Whole homogenate 427 4 19 347 4+ 52
900 g Sediment (“‘nuclei™) 329+ 11 339 + 22
11,500 g Sediment (“mitochondria™) 1454 9 232 + 22%
17,000 g Sediment (“‘mitochondria
and heavy microsomes™) 278 4- 4 251 £ 26

100,000 g Sediment (*‘microsomes’’) 150 + 4 130 + 12
100,000 g Supernatant 0 0

* Rat cerebella were homogenized and fractionated as described in
Table 4. Adenyl cyclase activity was determined as described in Methods.
Each value is the mean of 4 determinations of one fractionation. The
total recovery of adenyl cyclase activity was 55 per cent of the whole
homogenate.

T The supernatant fluid of a 100,000 g centrifugation, equivalent to
90 pug protein, was added to each of the other fractions. The amount of
protein contributed by the supernatant fraction was not considered in
calculations of the specific activity of adenyl cyclase.

} The addition of the soluble supernatant fraction significantly
(P < 0-05) increased adenyl cyclase activity of the 11,500 ¢ sediment.

catecholamines does not necessarily indicate a lack of function for the amines, since
(a) turnover rather than amine concentration is a more reliable index of catecholamine
function2? (b) catecholamines may be highly concentrated in nerve endings close to
receptor sites, and since nerve endings constitute only a small fraction of the tissue
weight, the concentration of catecholamines in tissue will not give a true indication
of the concentrations of amines at these sites. There is mounting evidence that
adrenergic receptor sites may involve adenyl cyclase. For example, adenyl cyclase is
concentrated in fractions containing synaptic membranes,!? and in the pineal gland
most of the enzyme is situated at non-neuronal sites rather than in nerve endings20
and its activity is stimulated selectively by pharmacologically active catecholamines.16
Thus, it has several characteristics similar to those of the adrenergic receptor. On the
other hand, the inability of catecholamines to enhance adenyl cyclase activity in
many areas of brain (Weiss, unpublished observations) indicates that there are other
compounds, as yet unidentified, which may be the physiologic stimulants of brain
adenyl cyclase. The evidence that adenyl cyclase of different tissues is stimulated by
such a wide variety of hormones8 favors this proposal.

Our findings on the distribution of phosphodiesterase in rat brain agree with the
results of Drummond and Perrott-Yee,12 who found that in rabbit brain the activity of
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cerebral cortex was much higher than that of the pons, medulla or cerebellum.
However, our results show further that phosphodiesterase activity is as high in the
hippocampus as it is in the cerebral cortex, and activities almost as great were found
in the caudate nucleus and septal nuclei. Thus, there is a gradation of phosphodiesterase
activity in brain, being relatively low in structures which predominate in white matter
and high in areas rich in grey matter. In this regard, the histochemical studies of
Shanta et al.?8 are particularly instructive. They showed that phosphodiesterase
activity was low in neurons but high in the molecular layer of the cerebellum and in the
plexiform layer of the cerebral cortex.

An examination of the relative distribution of adenyl cyclase and of phospho-
diesterase activities in various brain areas showed no correlation between the two
enzymes. The greatest discrepancy in enzyme activities was in the cerebellum, corpora
quadrigemina and the pineal gland where the ratio of adenyl cyclase activity to
phosphodiesterase activity was high relative to that of other brain areas.

Studies of the subcellular distribution of adeny! cyclase and of phosphodiesterase
in the bovine pineal gland showed a different distribution of the two enzymes. Adenyl
cyclase of the pineal gland, like that of brain cerebrum,}4 cerebral cortex!® and skeletal
muscle,?® is almost completely particulate, being concentrated in the mitochondrial
and microsomal fractions. However, most of the phosphodiesterase is soluble. The
high percentage of phosphodiesterase found in the soluble fraction relative to the
particulate is similar to the results of Drummond and Perrott-Yeel2 on brain phos-
phodiesterase and to those of Nairl! on the enzyme from dog heart. The latter author
has shown further that repeated freezing of the tissue results in more phosphodiesterase
activity in the soluble relative to the particulate fractions. On the other hand, Cheung
and Salganicoff'? demonstrated that most of the phosphodiesterase activity of brain
was in particulate subfractions if Triton X-100 was added to the enzyme preparations.
According to these workers, this treatment revealved the latent activity of the enzyme
resulting in higher phosphodiesterase activity in the particulate than in the soluble
fractions. Moreover, they showed that increased activity was not produced by
mechanical disruption or by repeated freezing and thawing. Thus, considering all the
data, it is apparent that phosphodiesterase is partly soluble and partly particulate;
the activity of the particulate fraction can be solubilized by freezing and thawing and
can be increased by the addition of the detergent Triton X-100. It should be mentioned
that the addition of Triton X-100 to preparations of adenyl cyclase results in its
solubilization but causes a great loss of enzyme activity.? It is possible that these
phenomena are related. In the assay of adenyl cyclase, the formation of the cyclic
3°,5-AMP is used as the measure of enzyme activity. Since Triton X-100 enhances
phosphodiesterase activity, it may cause an increased destruction of cyclic 3',5-AMP
resulting in an apparent decrease in adenyl cyclase activity.

A comparison of the regional and subcellular distribution of cyclic 3',5"-nucleotide
phosphodiesterase activity, described herein, with that of 2',3'-cyclic nucleotide
3"-phosphohydrolase, the enzyme which catalyzes the hydrolysis of cyclic 2',3'-AMP
to 2’-AMP, reveals that the two enzymes are clearly distinguishable. Kurihara and
Tsukada3® recently reported that the activity of the latter enzyme is much greater in
cerebral white matter (e.g. corpus callosum) than in cerebral cortex and that cerebrum
and cerebellum had approximately the same activity. Moreover, they found that more
than 90 per cent of the activity was particulate, In contrast, the present results show
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that cyclic 3’,5"-nucleotide phosphodiesterase activity is almost ten times greater in
cerebral cortex than in the cerebellum and that more than half of the activity is soluble.

It should be pointed out that there was nearly a 4-fold increase in the specific
activity of adenyl cyclase in the mitochondrial and microsomal fractions of pineal
gland, but no such increase in specific activity of any cerebellar fraction. This may be a
reflection of the greater homogeneity of the nervous elements and, therefore, of the
postjunctional receptor sites in pineal compared with that of cerebellum; it has been
shown, for example, that catecholamines enhance adenyl cyclase activity of the pineal
gland about 3-fold,!® but show little or no stimulation of cerebellar adenyl cyclase.3!
On the other hand, the decrease in specific activity of subcellular fractions of cerebellar
homogenates may indicate that some essential requirement or activator of the enzyme
is removed by the fractionation procedures. Indeed, the addition of the soluble
supernatant material, which itself had no adenyl cyclase activity, significantly increased
enzyme activity when added to the mitochondrial fraction. The soluble fraction did
not, however, enhance adenyl cyclase activity of other fractions. This may indicate
either that the adenyl cyclases of various subfractions are different or that the
soluble supernatant fluid contains a substance that antagonizes an inhibitor present in
the mitochondrial fraction. A clarification of this mechanism must await isolation and
further purification of the enzyme.
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