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SUMMARY 

The measurement of raclioactively labellecl cyclic 3’,5’-aclenosine monopllosphate 
formed from labelled ATP in whole cells or coarse tissue particle preparations requires 
complete removal of labelled metabolites. Some of these metabolites occur in concen- 
trations several orders of magnitude above that of cyclic s’,g’-adenosine monophos- 
phate and some of them are diffkult to separate from cyclic s’,fi’-adenosine mono- 
phosphate by simple chromatographic procedures. The method presented has proved 
itself suitable for measuring the amount of [l%]cyclic s’,g’-adenosine monophosphate 
in samples rich in other 1X-labellcd metabolites. The procedure consists of paper chro- 
matography, subsequent enzymatic conversion of cyclic 3’,5’-adenosine monophos- 
phate to adenosine g’-phosphate (AMP) and then re-chromatography in the same 
system. The AMP thus obtained originates from cyclic 3’-5’-adenosine monophos- 
phate only, and the radioactivity of AMP is measured to calculate the amount 
of cyclic 3’,5’-adenosine monophosphate. 

INTRODUCTION 

The level of cyclic s’,g’-adenosine monophosphate (CAMP) in biological ma- 
terial usually ‘amounts to less than 0.1 y0 nf the adenine nucleoticle pool, and the 
apparent activity of adenyl cyclase is small compared to the apparent activity of 
ATPases and other enzymes acting on adenine nucleotides and adenine nucleotide 
metabolites’-3. In recent vears numerous studies on the biosynthesis of CAMP from ” 
radioactively labelled ATP have been carried otit by adding labelled ATP to broken 
cell preparations3-2u or by labelling the endogenous ATP pool by exposing cells or 
tissue preparations to labelled adenine or labelled adenosine27-30. In both cases the 
total amount of labelled metabolitcs formecl exceeds the amount of labelled CAMP 
by several orders of magnitude, and the separation of these metabolites from the 
labelled CAMP fraction before counting its radioactivity is of course critical in this 
type of study31 o, o-11, 

The method presented below, now routinely used in our laboratory, has proved 
itself particularly suited for measuring the amount of 14C-labelled CAMP in samples 
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rich in labelled metabolites, which tend to co-clIlloi;natograpll with cAMI?. On 
developing this method a rat liver preparation (which is rich in ATPascs and other 
purine-metabolizing enzyme systems) was used. as a source of adenyl cyclase. 

MATERIALS AND MMETHODS 

The following chemicals were used: [S- X]ATP and [z-aH]AMP (The Radio- 
chemical Center, Amersham), [3H]cAMP (Schwarz Kc-Research, Inc.), non-radio- 
active purine derivatives (Sigma Chemical Co.), z,5-bis- [5’-t.-butyl-benzoxazolyl (z’)]- 
thiophene (RBOT) (Ciba Ltd.) and beef heart 3’,5’-cyclic nucleotide phosphodiester- 
ase (EC 3.1.4.1) (Roehringer Mannlzeim and Sigma Chemical Co.). 

Synthesis of cAiU?P by a $artich fractiou fYo?ft rat liver 
Male Wistar rats (250-300 g body weight), fed a standard laboratory chow, 

were anaesthesized with ether and a liver sample escised and homogenized at o-4OC 
with a teflon-glass Potter Elvehjem homogenizer in g volumes (ml/g sample weight) 
0.25 ikI sucrose containing IO rn!v Tris-HCl (pH 7.4) and 2 n1n-g magnesium chloride. 
The homogenate was centrifuged at o” and 43500 x 6 for 20 min, and the pellet 
suspended to the volume of the first homogenate in 20 nu'll glycylglycine-HCI (pH 7.5) 
containing 2 m&f magnesium chloride and centrifuged (o’, 43500 x g, 20 min). The 
pellet obtained was the enzyme preparation used. 

Portions of this preparation (about 4 mg protein as determined by tile method 
of Lowny?, using bovine albumin as a standard) were ‘incubated at 30” for IO min 
in 400 ,~l 25 rnJf Tris-NC1 (pH 7,5) containing 20 mM tlle’ophylline, 6 rnfil mag- 
nesium chlori’de, 4 mM ATP, [WZJATP (0.75 &i/ml), 0.6 miU CAMP, [“HIcAMP 
(to calculate recovery), without or with addition of either IO mrM sodium fluoride, 
1.4. 1o-2 mM glucagon or 5. Ios2 rnM adrerialine, The incubation was terminated 
by heating the tubes in boiling water for 3 min. The tubes were centrifuged and the 
supernatants concentrated by evaporation and transferred to the chromatography 
paper strips. 

Descending chromatography was carried out on Whatman No. I paper (4 x 
46 cm) with 96 y0 ethanol-2 M ammonia-2 M acetic acid (zoo: rg : 211, p1-I 7.15. 
The chromatograms were developed for 18-22 hours at 19’ (system I). The spots 
were visualized by UV light, and the CAMP zone was cut into pieces and packed into 
a r-ml disposable syringe to form a column of about 5 x IO mm. This column was 
eluted by forcing 0.6-1 ml IO m&f glycylglycine-hydrochloric acid (pH S.3) containing 
2 m&f magnesium chloride through the syringe. The pH in the eluate was adjusted 
to about 7.5 and IO mU of beef heart 3’,5’-cyclic nucleotide phosphodiesterase were 
added. The mixture was.incubated at 37” for 30 min, concentrated by evaporation 
and transferred to 4 x 46 cm Whatman No. I chromatography paper strips and 
developed as described above. 

Liquid sci?ati11nti012 cou?atilag 
The zones of the chromatograms were cut into pieces and transferred to counting 

vials, 0.5 ml 0.5 N H,SO, or 0.5 ml 0.5 .V HCl was added followed by 15 ml of the 
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aration on VVl~atman 3MM paper. R~~BINOWITZ et nl. found this procedure to be ade- 
quate for separating CAMP from other labelled compounds formed from [a-FPJATP 
by a particle fraction from skeletal muscle, As shown by DOUSA ANI:, RYcNLfIC3 this 
method does not separate CAMP from inosine and hypoxanthine. VVe have found 
that during incubation with liver enzyme preparation large amounts of inosine and/or 
hyposanthinc are formed. Therefore the discrepant results obtained by HOMIM@S 

AND BIXRE"" may at least in part be due to contamination of their CAMP fraction. 
Other examples of discrepant results due to inadequate separation llave been reported 
by EMMELOT AND BOSE and by BAR AND HECX-ITEI.C~~. 

The chromatographic system routinely used by us (system I) does not com- 
pletely separate cyclic 3’,g’-inosine monophosphate and cyclic 3’,g’-guanosine mono- 
phosphate from CAMP and IMP, and GMP from AMP. Both the cyclic compounds 
are metabolized by beef heart phosphodiesterase at the conditions used. Thus, if 
they are formed in substantial amounts during incubation, they might contribute 
to the radioactivity of the final fraction. However, we did not find support for any 
such production. 

A combination of chromatography and incubation with phosphodiesterase has 
been used previously for checking the purity of CAMP fractions6~18~20. Enzymatic 
conversion of cyclic 3’,5’-guanosine monophosphate (cGMP) to guanosine has been 
used in a procedure for determination of cGMP based on the different chromato- 
graphic behaviour of cGMP and guanosine3”~40. 

The_method described here has proved itself particularly useful for measuring 
labelled CAMP under conditions where many other labelled metabolites are formed. 
In addition to determination of adenyl cyclase activity in particulate preparations, 
the method has been used for measuring CAMP formed from endogenous ATP 
labelled by exposing skin pieces to [%]adenine (ref. 41) and cardiac muscle and liver 
slices to [%]adenine and [‘%]adenosine (to be published). The procedure is somewhat 
time-consuming, but relatively simple to perform. As in the case of other methods, 
its validity should be examined whenever applied to new and different experimental 
conditions. 
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