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Akhough assay methods are available for the determination of the activity of a 
cyclic nucleotide phosphodiesterase, based on the~determination ofnucleoside mono- 
phosphate producedr? or on direct measurement of proton released by a titrimetric 
methodg*ro, none is suitable for the simultaneous assay of cyclic AMP and cyclic 
GMP phosphodiesterase activities_ We have demonstrated”*12 that AMP and cyclic 
AMP are easily separated by anion-exchange- column chromatography using AG 
MP-1 resin. By a simple modification of the elution mode, the same column can bc 
used to resolve GMP from cyclic GMP, AMP and cyclic AMP. This method is 
conveniently used to determine the activities of cyclic AMP and cyclic GMP 
phosphodiesterasc(s) individually or simultaueous!y. 

M-t-ERiAk AND METHODS 

Materials 
AG MP-1 resin was obtained from Bio-Rad Labs. (Richmond, CA, USA_); 

and the nucleotides from Sigma (St. Louis, MO, U.S.A.). 

Enzyme preparation 
A l-g amount of rat brain was homogenized in 2 ml distilled water. The 

homogenate was centrifuged at 10,000 g for 30 min. The euzyme in the supematant 
solution was precipitated by the addition of an equal volume of cold saturated am- 
monium sulfate. The precipitate was collected by centrifugation, and dissolved in 2 ml 
of 50 mM glycylglycine, pH 7.4. 

Reaction mirtwes 
The reaction~mixture in a final volume of 1 ml contained 50 mM glycylglycine 

(pH 7.4); 5 rnM MgCIZ; 20-200 PM of cyclic AMP or cyclic GIMP, or both; and the 
enzyme preparation. The reaction was started by the addition of the enzyme prepara- 
tion, and after incubating the mixture at 37°C for 10 rkin, te@nated by heating the 
tubes in a boiling-water bath for__5 min. After the selutien was cooled m an ice bath, 
any. pre&pitate..was. removed. by_ centrifugatioc,. and an aliquot was~analyzcd by 
column chromatography. A blank was prepared under similar conditions except that 
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the enzyme preparation was added to the mixture while the tube was heated in the 
boiling-water bath. 

Colunvr chromatography 
A col&n packed with AG MP-1 resin, 50 x 11 mm, was used. wafter an 

a.Iiquot of the above reaction mixture was loaded, the coIumn was ste@viseIy eluted 
with water, 0.0096 M hydrochloric acid, then 0.12 M hydrochloric acid. The eRIuent 
was c&iriuou&nio_nito+ at 257 MI, and each peak Was qtititated ticCording to 
the equation &scribed previotisly”. The extinction coefIicients are 15. IO3 mol-1 
cm-’ for AMP and cycIic AMP; 13.2 - lo3 mol-’ cm-’ for guanosine; and 12.2 - IO3 
molbL cm-’ for GMP and cyclic GMP. 

RESULTS 

Lzdividual determination of q&c AMP or cyclic GMP phospitodiesterac;e 
Column chromatography of the reaction mixture containing I46 mnoles cyclic 

ATMP zmd 10 fl ofthe enzyme preparation showed that a total of 33-Z nmoles of cycfic 
AMP were hydrolyzed in IO min. ihus, 8.1 nmoIes adenosine, produced due to the 
presence of 5’-nucIeotidase activity in the enzyme preparation, were eluted with dis- 
tilled water as a smaII peak near the void vohune, and 25.2 nmoles of AMP were 
resolved from cyclic AMP by eluting with 0.0096 M hydrochloric acid. 

When 164 nmoles of cyclic GMP were used as substrate instead of cyclic AMP, 
the chromatogram showed that a total of 30.4 mnoles of guanosine and GMP were 
produced. The former was eluted with distilled water as a smaI1 peak next to ad- 
enosine peak, while the latter was resolved from cyclic GMP in the 0.12 &f hydro- 
chloric acid fraction. 

Simuimneous determinarion of cyclic AMP und GMP phospltodiesterase activities 
The chromatogram of the reaction mixture containing 146 nmoles cy&c AMP 

an< 164 mnoles cyclic GMP is shown in Fig. I. AI1 substrates and products were weII 
separated by the elation mode indicated. From the figure the activities are calculated 
to be 12.6 nmoles of AMP-and 18.6 nmoIes of GMP produced in 10 min per 10 d of 
the enzyme preparation. 

&MQ 

Fig 1. CXromatogram of a reaction mist6-e containing cyclic AMP and cyclic GMP. The reaction mix- 
tm-e con&@ 145iu.nofes~~ cyck AMF and I64 mnoks/ml cyclic GMP was incubated with i0 &ml of 
the enqme preparation for 10 min. A _7oo_ld alicpx was chromato&aphed.. 
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y. -:: The rai inzyi&lca@*&. the. hytfroi$z+S of cyclic GMPas~weU as cyclic AMP. 
~&hBetivities were al& Iinearly~reIated to:the enzyme conckration. _.. : :-’ :- -- . 

In tkk preshti~ of a constant concentration of the enzyme. preparation, ~ the 
phosphosdiesterase actitities~were linearly proportional to the .time of incubation_ 
When the_acti+&son cyclic A&&P.&d .cychc GMP.were determined individually, the 
enzyme. tended to: hydrolyie preferably cyclic- AMP to cyehc .GMP. When the -ac- 
tivities on cyclic AMP and cyclic GMP were determined simultaneously as shown in 
Fig. 2; the combined activity was equivalent to the cyclic AMP phosphodiesterase 
activity determined individually, and the individual activity was lineariy proportional 
to the time of incubation. However, in contrtist to. the rest& of individual determi- 
nation, the cyclic GMP phosphodiesterase activity was higher than the cyclic AMP 
phospho.diester+e ~aet‘ivity. 

: 
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Fig. 2_ Activities of cyclic AlUP and cyclic GMP phosphodiesterasese determined simultaneOusly r..rnr 
incubation time. The summation of the two activities is show-by the broken line_ 

Fig_ 3. Separation of the nudeotides by gradient elution. A mixture containing 100 nmoIes each of AMP, 

cyclic AhIP, GMP and cyclic GMP was loaded on the column. and the separation was accomplished by a 
hydrocb!oric acid gradient as shown by the broken line_ 

Modificatiotz of ekion mode to faciiitate cohmm chromatography 
The time for the column chromatographic separation required 50 min using the 

stepwise elution. It could be shortened to 20 min by using gradient el.ution as shown 
in Fig_ 3. The hydrochioric acid gradient indicated on the figure was established by 
using a Gilson Mixograd gradient former from two solutions, distilled water and 0.3 
M hydrochloric acid. 

DISCUSSION 

With the method described both the products and the substrates can be de- 
termined, as well as the activities of cyclic AMP and cyclic GMP phosphodi- 
esterase(s) individually or simultaneously. Since the AMP and GMP peaks are sharper 
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than those of their respective substrates, a concentration as low as 100 pmol& can be 
easily measured. Therefore, the sensitivity of this method is compatible to other 
methods which have been reviewed by Frieile et ai.“; except the method utilizing 
radioisotope substrates. 

The method also detects the presence of S-nucleotidase which cataiyzes the 
hyd~oiysis of AMP and GMP. Since adenosine and guauosine are eiuted separately 
by water, the whole chromatographic procedure can be simplified by merely measur- 
ing the nucleosides as the final products if excess amount of S-nucleotidase is added 
to the reaction mixture to complete the hydrolysis of AMP and GMP. Thus. this not 
only faciIitates the assay procedure but also can further tailor it to a mosl sensitive 
method utilizing radioisotope substrates. 

Thk presence of deaminases, however, will interfere with the experimental re- 
s&s. Since under the conditions used, inosine will coelute with AMP, and IMP with 
GMP, the presence of deamines will result in lower activity for cyclic AMP phos- 
phodiesterase but in a higher value for cyclic GMP phosphodiesterase activity. In 
order to test the possibility of this interference, separation of inosine from AMP, and 
IMP from GMP can be accomplished by a proper modification of the ektion mode 
according to the principle reported previously’2. 

The total time for the chromatography requires 50 min to compIete the separa- 
tion of the four peaks However, the time can be shortened in two ways: One is to 
eliminate the steps of elution with water and elution of cycIic GMP. Thus, it takes 
only 20 min to eluted out the GMP peaks, thereafter the column is washed with 1 M 
hydrochloric acid for a few min and then with water for 5 min for reuse. The other is 
to use a gradient method as shown in Fig. 3. Complete separation of the four peaks 
requires less than 20 min. After the run, the column is washed with water for 5 min 
and another sampIe is applied. The latter procedure can be easily automated for a 
continuous run. 
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