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SUMMARY 

Several naturally-occurring lipids but not n-propanol, guanidine-HCI 
or a variety of synthetic detergents stimulate the 3’,5’-cyclic AMP- 
phosphodiesterase activities of a supernatant fraction of brain at 1.25 x 
IO-7 M CAMP. The time courses of the reaction are I inear in the presence 
and absence of 1 ipid. On the other hand, lipid has different effects on 
various phosphodiesterase activities in fractions obtained after gel 
filtration of the crude extract. It stimula es 
activities measured at 1.25 x lo-7 M and 

the phosphodiesterase 
IO- z M 3’,5’-cyclic-AMP and 1.25 x 

IO-7 M 3’,5’-cyclic GMP in two of the fractions partially retained in the 
gel, However, lipid has little effect on the enzymatic hydrolysis of low 
concentrations of CAMP or cGMP and markedly inhibits the hydrolysis of high 
concentrations of CAMP by the fraction excluded from the gel. 

It is now firmly established that 3’,5’-cyclic AMP (CAMP) plays an 

important role in regulating many metabolic processes. The concentration of 

CAMP appears to be determined largely, if not entirely, by the relative 

activities of adenyl cyclase which converts ATP into CAMP and a phospho- 

diesterase which hydrolyzes CAMP to 5’-AMP. Although adenyl cyclase is 

known to be under metabolic regulation, Ii ttle is known about a possible 

control of the phosphodiesterase. However, many puzzling observations of 

mammalian phosphodiesterases suggest that this enzyme also may be under 

regulation. For example, brain and heart contain a low molecular weight 

protein which activates partially purified enzyme (1,2) and more than one 

phosphodiesterase with different substrate specificities and kinetic properties 

may be separated physically from a variety of tissues (3-g). Generally 

phosphodiesterases are stable to storage but difficult to purify. The 

difficulties in purifying the enzyme especially using DEAE-cellulose (10) 
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as well as the particulate nature of much of the enzyme (11) suggested that 

lipids may affect the activity or stability of the enzyme. This report 

describes some affects of lipids on the activities on phosphodiesterases 

from brain. 

METHODS AND MATERIALS 

Phosphatidyl ethanolamine, 8-(C14)-adenosine, (H3)-CAMP and (H3)-3’,5’- 

cyclic GMP [(H 3 )-CGMP] were obtained from Schwartz-Mann; (H3) -CAMP was 

purified by chromatography before use (3). Paper chromatography in (2- 

propanol :water:NH40H) (7:2: I) (3) revealed that 99% of the radioactivity in 

(H3)-cGMP was present as c-GMP. The Rf values in this system were: 5’-GMP, 

0.10; cGMP, 0.35; CAMP, 0.52. Bovine lecithin, CAMP, cGMP, 5’-GMP and 2. 

Atrox venom were supplied by Sigma. Other lipids were obtained from the 

following sources: lysolecithin, Nutritional Biochemicals, Co.; phos- 

phatidyl inositol, General Biochemicals; sphingomyelin and phosphatidyl 

serine, Light and Co. The number of components in the lipid samples were 

determined by the chromatographic method of Rouser, et al --* (12) to be: 

lysolecithin, 1 major and 1 minor component; sphingomyelin, 2 major 

components; bovine lecithin, 1 component; phosphatidyl ethanolamine, 1 

component; phosphatidyl serine, 1 major and 2 minor components; phosphatidyl 

inosi to), 5 major components. The concentrations of the phospholipids 

were estimated from their content of phosphate (13). The lipids were suspended 

in 0.02 M Tris-HCl, pH 8.0 and sonicated in a Branson Sonifier Cell 

Distruptor (setting 3) for at least 5 min. or until further sonication 

produced no additional change in the appearance of the suspension. Ortho- 

phosphate was determined by the method of Gomori (14). 

Preparation of enzyme. A modification of the method of Thompson and 

Appleman (3) was used. Fresh rat brains were homogenized in a loose glass- 

Teflon homogenizer in 8 vol of 10.9% sucrose for 2 min. The homogenate was 

then adjusted to pH 6.0 with 0.1 N acetic acid and clarified by centrifugation 
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for 1 hr. at 105,000 g. The supernatant fluid was frozen in separate tubes 

and used as a source of enzyme unless otherwise stated. 

Assay for phosphodiesterase activity. The conditions of incubation of 

phosphodiesterase with CAMP or cGMP are those described by Thompson and 

Appleman (3). Unless otherwise noted, the concentration of CAMP was 1.25 x 

1O-7 M. The tubes were incubated with all components except substrate for 

10 min. at 30”. Substrate was then added and after an incubation for 10 min. 

at 30” the tubes were immersed in a boiling water bath for 2 min. To the 

cooled tubes, 0.1 ml of 1 mg/ml c. Atrox venom was added and the tubes - 

incubated for another 10 min. at 30”. Then 1.0 ml of a suspension of 25 g 

Dowex 2 fluoride per 100 ml ethanol was added. The tubes were shaken 

vigorously for 10 min. and the incubation mixture clarified by centrifugation. 

The radioactivity in 0.5 ml of the supernatant fluid was determined by 

liquid scintillation counting. Under the conditions described, there is no 

adsorption of 8-(C 14 )-adenosine to the resin and about 5-8% of the radio- 

activity present in (H )-CAMP 3 is not removed by the resin. This assay 

procedure is a modification of the methods of Brooker, et al. (15) and 

Monard, et al. (16). -- 

RESULTS AND DISCUSSION 

Specificity of stimulation of phosphodiesterase, The data in Table 1 

show that several naturally-occurring lipids stimulate the phosphodiesterase 

in the brain supernatant fraction. There is an optimal concentration for 

at least three of the lipids tested. There is some variation in the extent 

of the stimulation by any one lipid from experiment to experiment. For 

example, lysolecithin stimulates the same enzyme preparation from about 

L-fold to 4-fold in different experiments, However , the shape of the 

lysoleci thin concentration vs. activity curve is quite reproducible. There 

also is no difficulty in showing the susceptibility to stimulation by lipids 

of different phosphodiesterase preparations. Stimulation by the lipids 

tested suggested that detergents or other agents which perturb protein 
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ELUTION VOLUME 
VOID VOLUME 

Fig. 1. The effect of lysoleci thin on the time course of the reaction. 
The conditions are those described in the text. Lysolecithin 
(0.21 PM) was added where indicated. 

Fig. 11. Agarose Al.5 filtrations. Six ml of brain supernatant fluid was 
filtered over a column (2.5 x 100 cm) of Agarose Al.5 (BioRad) 
equilibrated with 0.05 M Tris acetate, pH 6, 3.75 mM mercapto- 
ethanol. The flow rate was 12.7 ml/hr. and fractions were 
collected every 15 min. The recovery of enzyme was 74%. The 
void volume determined with Blue Dextran = 175 ml. 

might also stimulate the enzyme. A wide range of concentrations structure 

of severa 

Tri ton N- 

1 synthetic detergents (cetyl pyridinium chloride, Triton X-100, 

101, Tween 20, sodium docedyl sulfate, Lubrol WX, BRIJ 58), two 

bile salts (cholate and deoxycholate), n-propanol and guanidine-HCI failed 

to stimulate the enzyme. Each of these compounds was tested up to concen- 

trations which were inhibitory. In these tests it was essential to show 

that the agents were inhibiting the phosphodiesterase and not the 5’- 

nucleotidase in the venom. This was done in one of two ways. Inhibitory 

concentrations of reagents which did not interfer with the determination of 

Pi were shown directly not to affect the ability of the venom to release Pi 

from 5’-AMP. On the other hand, the 5 ‘-nucleotidase was shown to be present 

in excess when each of the reagents interfering with the Pi determination 

was used. Thus only naturally-occurring lipids stimulate the enzy‘k. 

The effect of lysolecithin on the time course of the reaction. The 

data in Fig. 1 show that the rates of hydrolysis of CAMP are linear for at 

least 15 min. both in the presence and absence of iysolecithin. 
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TABLE I 

Effect of Various Lipids on the Activity 
of Crude CAMP-Phosphodiesterase 

The conditions are described in the text. 

Additions 

Concentration CAMP Hydrolyzed 

1IM pmoles/lO min. 

None 2.40 

0.021 Bovine Lecithin 2.97 
0.063 Bovine Leci thin 3.08 
0.21 Bovine Lecithin 3.72 

0.0042 Lysoleci thin 2.69 
0.0084 Lysoleci thin 4.76 
0.0168 Lysoleci thin 4.59 
0.042 Lysoleci thi n 6.09 
0.126 Lysoleci thin 8.75 
0.42 Lysolecithin 8.72 

0.84 Lysoleci thin 7.50 

0.050 Phosphatidyl Inositol 6.68 
0.15 Phosphat i dy 1 I nos i to1 8.14 
0.50 Phosphatidyl Inos’i to1 6.38 

0.21 Sphingomyelin 3.04 
0.63 Sphingomyelin 3.07 

0.048 Phosphatidyl Ethanolamine 3.44 
0.114 Phosphatidyl Ethanolamine 4.42 
0.48 Phosphatidyl Ethanolamine 5.66 

0.059 Phosphatidyl Seri ne 3.69 
0.168 Phosphatidyl Serine 5.14 
0.59 Phosphatidyl Serine 3.30 

Effects of lysolecithin on phosphodiesterases as separated by gel 

filtration. Since crude brain extracts contain more than one cycl ic 

nucleotide phosphodiesterase (3,4,7) it was of interest to test the effects 

of 1 ipid on some of the separated enzymes. Therefore, the supernatant 

fraction was subjected to gel filtration (4). Fig.11 shows the elution 

profile which was observed. The second peak probably contains some of the 

higher and lawer molecular weight enzymes as we1 1 as the enzyme of inter- 

mediate molecular weight. As seen In Table II lipid has little effect on 
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the ability of t’he highest molecular weight fraction to hydrolyze either 

cGMP or low concentrations of CAMP; however, it inhibits the hydrolysis 

of high concentrations of CAMP by this fraction. On the other hand, lipid 

stimulates all three activities in both of the other peaks. The excel lent 

ability of the smallest fraction tested to hydrolyze cGMP was unexpected, 

since Thompson and Appleman found no such activity in their comparable 

fractions. Possibly this discrepancy may be attributed to differences in 

preparing the crude, supernatant enzyme. Thompson and App leman son i cated 

their homogenate which was then centrifuged at relatively low speeds. We 

omitted the sonication and centrifuged vigorously in order to maximize the 

possibility of eliciting an effect of lipids on the soluble enzymes. 

The significance of the abilities of lipids to modify the activities 

of brain cyclic nucleotide phosphodiesterases is obscure at present. It 

would be of interest to test the possible effect of lipids on the electro- 

phoretic or gel filtration profiles of the enzyme, the sensitivities of the 

enzyme to 5’-GMP (2) , cGMP (I 7,18) calcium (18) insulin (20) and various 

inhibitors and the interaction of the partially purified enzyme with the 

protein activator. Furthermore, the further purification of these enzymes 

may be facilitated by the addition of lipids to the assay system or by 

stabilization of the enzyme by lipids during fractionation procedures. 
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