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A method for the assay of cyclic AMP in crude extracts of skeletal muscle is described. The
muscle is extracted by boiling and the extracts are treated with trypsin to destroy interfering
substances. The treated extracts or cyclic AMP standard solutions are then added to mix-
tures of Mg?+, ATP, and phosphorylase b kinase. The degree of kinase activation by cyclic
AMP is measured by the ability of the kinase to convert phosphorylase b to phosphorylase a;
phosphorylase a production is measured in turn by its ability to release phosphate from glucose-
1-phosphate in the presence of a glycogen primer and the absence of AMP. The relationship
between the amount of phosphate produced and the concentration of cyclic AMP introduced
in the first step is reproducible, so that the muscle extract can be compared with the standard
cyclic AMP solutions. The validity of the assay of skeletal muscle extracts is checked by re-
covery from paper chromatography, by nucleotide-3’,5'-phosphodiesterase attack, and by
recovery of known amounts of added cyclic AMP.

Adenosine-3',5'-phosphate (cyclic AMP) appearsto be
an important substance in a variety of hormonal sys-
tems. Sutherland and Rall (1958), who isolated this nu-
cleotide, showed that in particulate liver preparations
epinephrine stimulates cyclic-AMP production and
that cyclic AMP mediates glycogen-phosphorylase
activation by epinephrine or glucagon. They con-
cluded that increased cyclic-AMP production was re-
sponsible for the hyperglycemic effects of these hor-
mones. Epinephrine was subsequently shown to
stimulate cyclic-AMP production in particulate prepa-
ration of skeletal muscle, cardiac muscle, and brain
(Klainer et al., 1962), and thus it was inferred that
cyclic AMP mediates epinephrine-produced glyco-
genolysis in these tissues. In other particulate and
slice preparations cycliccAMP production is stimu-
lated by serotonin (Mansour et al., 1960), vasopressin
(Brown et al., 1963), ACTH (Haynes, 1958), and thyro-
tropic hormone (Klainer et al., 1962). Cyclic AMP
has been said to increase steroid production in adrenal
slices (Hayes et al., 1959) and perfused adrenal (Hilton
et al., 1961), to promote water reabsorption in toad
bladder (in a manner similar to vasopressin) (Orloff
and Handler, 1962), and to stimulate relaxing-factor
particles in skeletal muscle (Uchida and Mommaerts,
1963). The suggestions have been made that the
inotropic effect of epinephrine on cardiac muscle is
mediated by cyclic AMP through phosphorylase activa-
tion, or possibly by cyclic AMP independent of its
effect on phosphorylase (Mayer et al., 1963).

A demonstration that the above physiological effects
of cyclic AMP are important in the intact animal has
been lacking. Such demonstration would depend on
correlating tissue levels of cyclic AMP with changes
in the physiological state of the tissue being studied.
The changes could be most easily shown by an assay
for cyclic AMP applicable to crude tissue extracts.
Unfortunately, the concentrations of cyclic AMP in
tissues are extremely low, so that its measurement by
ordinary chemical methods is not feasible. The en-
zymatic system of Sutherland and co-workers has been
generally reliable in particulate preparations, but ac-
cording to these investigators has failed to give accurate
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resuits in whole-tissue extracts (Butcher and Suther-
land, 1962). These workers have applied their method
successfully, however, after separation of the cyclic
AMP using ion-exchange resins.

This report describes a method for the assay of
cyclic AMP in crude tissue extracts at concentrations as
low as 5 X 10® M. The assay is based on the ability
of cyclic AMP to increase the rate of activation of par-
tially purified rabbit muscle phosphorylase b kinase by
ATP (Krebs et al., 1959). Activation of the kinase is
indicated by an increased rate of phosphorylase b to
a conversion. Separate reaction mixtures are employed
for the kinase activation reaction, the phosphorylase &
to a reaction, and for the measurement of phosphorylase
a activity. This last determination is carried out in the
direction of glycogen synthesis in the absence of AMP
(Ilingworth and Cori, 1953); the inorganic phosphate
liberated is measured colorimetrically. The relation-
ship between the amount of phosphate produced and
the amount of cyclic AMP introduced in the first step
of the assay is reproducible, so that unknowns can be
compared with standard cyclic AMP solutions. This
method of assay has been applied to crude extracts of
skeletal muscle after administration of epinephrine in
vivo (Posner et al., 1962).

METHODS

Assay Method

Activation Reaction.—Phosphorylase b kinase is ac-
tivated by Mg?* and ATP in the presence of cyclic
AMP. The reaction is allowed to proceed for 10 min-
utes and then is stopped by dilution. The ‘‘activation
mixture” contains: 0.2 ml 0.125 M glycero-P, 0.125 M
Tris buffer adjusted with HCI to pH 6.8; 0.2 ml 0.06 m
Mg(Ac)., 0.018 M ATP adjusted with NaOH to pH
6.8; 0.2 ml cyclic AMP or treated crude muscle ex-
tract; and 0.2 ml H,O or other additives. The mix-
ture is warmed approximately 3 minutes in a 30 ° water
bath and the reaction is then started by adding 0.2 ml
of cold phosphorylase & kinase. The 30-supernatant
fraction of nonactivated rabbit skeletal muscle kinase
(Krebs et al., 1964) is used and is diluted 1:5 in 0.015 M
neutral cysteine just prior to the assay. The reaction
proceeds at 30 ° for 10 minutes and is stopped by dilut-
ing an aliquot of the activation mixture 1:15 in 0.015 M
neutral cysteine at 0°. Control reaction mixtures
without cyclic AMP and without Mg?+-ATP are in-
cluded.

A full description of phosphorylase b kinase activa-
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tion by Mg?+-ATP both with and without added cyclic
AMP is given elsewhere (Krebs et al., 1964). The
particular pH, salt concentration, activation time, and
Mg?+-ATP concentrations are not optimal for kinase
activation but are chosen to give the widest possible
difference between phosphorylase b kinase activation by
Mg2+-ATP alone and by Mg2+-ATP in the presence
of a low cyclic-AMP concentration. In addition, the
buffer concentration is sufficient to prevent significant
change in ionic strength or pH when crude muscle ex-
tract is added.

Conversion of Phosphorylase b to a.—Activated phos-
phorylase b kinase made in the activation reaction is used
to convert phosphorylase b to phosphorylase a. Mg?+
and ATP are also required for this reaction (Krebs and
Fischer, 1956), but the somewhat higher salt concentra-
tion, additional kinase dilution, and shorter period of
incubation as compared to the activation reaction pre-
vent significant activation in this step (Krebs et al.,
1959). The ‘“‘conversion mixture” contains: 0.2 ml
0.125 M glycero-P, 0.125 m Tris buffer at pH 6.8; 0.1 ml
0.06 M Mg(Ac),and 0.018 M ATP at pH 6.8; and 0.2 ml
AMP-free phosphorylase b solution diluted in neutral
0.015 M cysteine to contain 40,000 units/ml (Cori et al.,
1943). The mixture is warmed to 30° for approxi-
mately 3 minutes and the reaction is started by adding
0.1 ml of the cold diluted activation mixture. A
control reaction using 0.1 ml of cysteine solution in-
stead of the kinase is included. The reaction is stopped
after 5 minutes by diluting an aliquot of the conversion
mixture 1:20 in 0.04 M glycero-P, 0.03 M cysteine ad-
justed to pH 6.8 with NaOH. The diluent is kept at
0°. 'This reaction is identical with that for measure-
ment of phosphorylase b kinase activities (Krebs et al.,
1959) except that the reaction is started with phos-
phorylase b kinase rather than with Mg?+ and ATP.
Starting kinase reactions with the latter components
results in somewhat higher reaction rates but is con-
siderably less convenient in this case.

Phosphorylase a Measurement.—Phosphorylase ac-
tivity is assayed by the method of Illingworth and Cori
(1953) in the absence of AMP at a final 1:40 dilution of
the conversion mixture. The phosphate released in 5
minutes is measured by the method of Fiske and Sub-
barow (1925) using a suitable colorimeter. In prac-
tice there has been no advantage in converting colorime-
ter readings into phosphorylase units and the latter
into kinase units. The colorimeter readings (in this
study, a Klett colorimeter was used) are simply plotted
against known cyclic-AMP concentrations as in the
typical standard curve shown in Figure 1.

Tissue Preparation

Extraction.—All tissue used in this study is frozen by
immersion in isopentane precooled with liquid nitrogen
to —160°. The frozen tissue is crushed in a precooled
stainless steel pulverizer. The powdered tissue is
then transferred to a cold tared glass tube. Three
volumes (w/v) of extracting solution are added, and
the tube is immediately immersed in a boiling-water
bath for 5 minutes. The extracting solution is 0.025 M
KH.PO, adjusted to pH 7.8. The boiled sample is then
cooled, centrifuged, and weighed. The supernatant
fluid (boiled extract) is decanted.

Trypsin Attack.—To remove factors interfering
with the assay, the boiled extract is treated with 10 ug/
ml] trypsin for 2 hours at 30°. The reaction is stopped
by adding soybean-trypsin inhibitor to a final concen-
tration of 100 ug/ml. The extract can then be assayed
simply by adding 0.2 ml of this “treated extract” to
the activation mixture. In an earlier study (Posner
et al., 1962) interfering factors in boiled-tissue extract
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F1G. 1.—The standard cyclic-AMP curve. The abscissa is
the concentration of cyclic AMP in the activation mixture,
the encirlced point represents Mg?+ and ATP without added
cyclic AMP.

TaABLE I
TissuE LEvELs oF CycLic AMP*®

Cyclic AMP

(umoles/kg

Animal Samples Tissue wet tissue)
Rat 5 Gastrocnemius 0.66 = 0.16°
Frog 6 Gastrocnemius 0.60 =0.24
Frog 6 Sartorius 0.67 =0.20

9 The skeletal muscle samples were removed from
anesthetized rats and pithed frogs and immediately im-
mersed in cold isopentane. Analyses as described in the
text, b Corresponds to 1.7 X 107 M in the extract and
3.3 X 10-% M in the activation-reaction mixture.

were destroyed by treatment with NaOH. The
present method utilizing trypsin was substituted be-
cause of the possibility of producing cyclic AMP from
ATP with alkali as will be discussed in a later section.

Tissue Assay.—All samples are run in triplicate and
the average of the two closest points is chosen. These
are rarely more than 15 Klett units apart. A standard
curve covering the range of cyclic AMP concentra-
tions from 1 X 108 Mto 2 X 107" M (in the activa-
tion-reaction mixture) is run with each tissue sample;
the point without added cyclic AMP, i.e., with Mg?+
and ATP alone, is also determined. Cyclic-AMP
levels in the unknowns are read directly from the curve
and corrected for dilution. Two additional controls
are often run. In one, cyclic AMP is added to treated
muscle extract to assess the degree of cyclic-AMP re-
covery, and in the other the trypsin, soybean-trypsin-
inhibitor mixture is assayed to be sure that there is no
free trypsin to activate phosphorylase & kinase (Krebs
et al., 1964).

REesuLTs AND DiscussioN

Tissue Levels

The assay was applied extensively to rat gastroc-
nemius muscle and to frog sartorius and gas-
trocnemius muscles. Anesthetized rats and pithed
frogs were used to secure basal cyclic AMP levels in
muscle. Tissue weighing 0.7-1.5 g was extracted in 34
volumes of KH,PO, and assayed for cyclic AMP after
trypsin treatment. Final values are expressed as
umoles/kg fresh muscle. Means and standard devia-
tions for several samples of rat gastrocnemius and frog
sartorius and gastrocnemius are shown in Table I.
The effects of epinephrine and electrical stimulation on
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Fi1G. 2.—The assay of treated skeletal muscle extracts for
cyclic AMP. Treated muscle extract is assayed with and
without added cyclic AMP; the colorimeter readings (A) are
plotted on the simultaneously measured cyclic-AMP curve
(e—eo—e). The encircled point (®) represents Mg?*
and ATP without added cyclic AMP. The following cyclic-
AMP values were found: 1.0 ml extract = 1.6 X 107%M;
0.2 ml extract = 3.3 X 1078 M; 0.4 ml extract = 6.4 X 10°%
M; 0.2 ml extract + 2 X 10~% M added cyclic AMP = 5.2
X 10~% M; 0.2 ml extract + 5 X 108 M added cyclic AMP
= 8.5 X 108 M.

skeletal-muscle cyclic AMP will be the subject of a
separate report.

Validity of Assay Method as Applied to Skeletal Muscle

Recovery Curve.—Figure 2 shows an assay of rat
skeletal muscle extract measured at varying dilutions
with and without added cyclic AMP. The colorimeter
readings of the extract were plotted on a simultaneously
measured standard cyclic-:AMP curve and the follow-
ing equivalent cyclic-AMP values were obtained: For
0.2 ml of extract (the usual quantity), the reading was
equivalent to 3.3 X 1078 M cyclic AMP. The extract
diluted 1:2 gave a reading equivalent to 1.6 X 10 ¢ M.
Doubling the amount of extract gave a reading
equivalent t06.5 X 10 8 Mcyclic AMP. With0.2ml of
extract plus added cyclic AMP at alevel of 2 X 108 M,
the reading was equivalent to 5.2 X 10* M. Addition
of cyclic AMP at a level of 5 X 108 M gave a reading
equivalent to 8.5 X 10® M. The data demonstrate
both full recovery of cyclic AMP added to extract and
that dilutions of muscle extract fall at appropriate
points on the standard cyclic-:AMP curve. It will be
noted from the various figures and tables that while
the shape of the ‘‘standard cyclic-AMP curve” re-
mains essentially unchanged, the Klett values often vary
from assay to assay. The reason for this is not clear
but the major factor involved seems to be the degree to
which Mg*2 and ATP alone activate the kinase. This
not only varies from one kinase preparation to another
but sometimes from one aliquot of a single kinase
preparation to another taken at a later time.

Paper Chromatography.—Paper chromatography of
rat skeletal muscle extract was done to test validity
of the assay system. On Whatman No. 1 filter paper,
500 ul of crude rat skeletal muscle extract was placed
in a 10-cm-long streak. On an adjacent spot, 10 ul
of 102 M cyclic AMP served as a visible control. The
paper was treated by ascending chromatography for
16 hours in 959, ethanol (7 parts) and 1 M NH;Ac,
pH 7.5 (3 parts). After the paper had dried, it was
cut into several 5-cm-wide strips the length of the origi-
nal streak, and these were eluted with water. The
elution fluids were assayed along with the original ex-
tract. Only the streak at R 0.45 (the R of the visible
cyclic-AMP spot in this system) had cyclic-AMP ac-
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tivity in this assay. This streak gave 1009, recovery
when compared with the assay of the original boiled
extract. Rat skeletal muscle extract was also chro-
matographed in a column of Dowex-1 (formate) by
the method of Hurlbert et al. (1954). The material
from the column in the predicted cyclic-AMP zone had
559, of the activity of the original extract, a recovery
somewhat lower than that achieved by Sutherland and
Rall (1958).

Phosphodiesterase Attack.—To further assess the
validity of the assay, boiled extracts were treated with
nucleotide-3’,5’-phosphodiesterase! using the method
of Butcher and Sutherland (1962). These results are
summarized in Table II. A control was run to show

TABLE 11
D1ESTERASE ATTACK OF BOILED
SKELETAL MuscLE EXTRrRACT®

Cyclic AMP Levels

Before After
Dies- Dies-
terase terase
Experi- (M X M X
ment Substance Assayed 108) 108)
1 Trypsin-treated boiled 1.5 0
rat muscle extract
Trypsin-treated boiled 6.0 0
rat muscle extract
+ 5 X 108 M
cyclic AMP
2 Trypsin-treated boiled 2.0 0
frog muscle extract
Trypsin-treated boiled 7.0 0

frog muscle extract
+ 5 X 108 m
cyclic AMP

¢ The activation of phosphorylase b kinase is expressed
in terms of molarity of cyclic AMP in the ‘‘activation
mixture.” Diesterase treatments carried out by the method
of Butcher and Sutherland (1962).

that the diesterase itself, when appropriately diluted,
had no significant effect on the cyclic-AMP assay sys-
tem. Boiled-muscle extracts with and without added
cyclic AMP were incubated with the diesterase for 3
hours at 30°. (In separate experiments it was shown
that known cyclic AMP was completely stable under
these conditions in the absence of diesterase.) These
extracts, along with similarly diluted extracts not
diesterase-treated, were then assayed for cyclic AMP.
There was complete loss of cyclic-AMP activity in the
treated boiled extracts which were incubated with di-
esterase. Cyclic AMP which was added to these ex-
tracts was also totally destroyed.

Other Factors Affecting the Cyclic-AM P Assay

Other factors are known to activate phosphorylase b
kinase (Krebs et al., 1959) by mechanisms not involving
ATP or cyclic AMP. In addition several factors other
than cyclic AMP affect activation of the kinase by ATP.
Examination of potentially interfering substances was
undertaken, therefore, to evaluate any effect which
these substances might have on the cyclic-AMP assay
and to estimate the degree of interference which their
presence might introduce into the system.

Glycogen.—Glycogen has been shown to activate
phosphorylase b kinase under certain conditions.
It is effective when introduced either into the phos-
phorylase b to a reaction mixture or when introduced
into the activation mixture with Mg?+ and ATP (Krebs

! Nucleotide-3',5'-phosphodiesterase was

kindly sup-
plied by Dr. R. E. Butcher.
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etal.,1964). In thislatter action it mimics cyclic AMP
and could potentially interfere in the assay if tissue lev-
els were sufficiently high. It was determined that the
smallest detectable glycogen effect occurred at 0.19
glycogen in the activation mixture. With the usual
method of preparing tissue samples, a tissue-glycogen
level of 29, would be required before the substance could
interfere. Such levels were not encountered in normal
skeletal or heart muscle but occur in certain other tissues.

Heparin.—Heparin is an activator of phosphorylase
b kinase, again activating either at the level of the phos-
phorylase 4 to a reaction or by increasing the velocity
of kinase activation by ATP during preincubation
(Krebs et al., 1964). A concentration of 0.05 mg ml
in the activation mixture was found to be equivalent to
>1.0 X 10" M cyclic AMP and 0.1 mg/ml to 1 X 10—
M cyclic AMP. There is little information available on
the concentration of heparin in skeletal muscle and the
possibility that it might interfere in the assay must be
borne in mind. However, there was no indication of
heparin interference since phosphodiesterase destroyed
all of the kinase-activating activity in the treated
boiled extracts.

Calcium.—Ca?* in the presence of a protein factor
(kinase-activating factor) is a potent phosphorylase b
kinase activator (Meyer et al., 1964). Since the 30-
supernatant phosphorylase b kinase fraction used in the
cyclic AMP assay contains the factor, the effect of
Ca?* added to the activation mixture was determined.
There was no kinase activation at 1 X 103 M or below
but concentrations greater than this did activate kinase.
Caztat 1l X 10~* M gave activation equivalent to 2 X
108 M cyclic AMP while 1 X 103 M Ca?* gave kinase
activation equivalent to 5 X 10 ¢ m cyclic AMP.

Calcium concentration in skeletal muscle is approxi-
mately 1.6 X 103 m (Gilbert and Fenn, 1957). A 1:20
dilution of muscle would give a Ca?+* concentration of
8 X 10~% M in the activation mixture if all were ex-
tracted from the muscle. This Ca?* concentration
might be expected to activate kinase sufficiently to
give a colorimeter reading equivalent to somewhat less
than 2 X 1078 M cyclic AMP. That this is not the
case is attested to not only by the recovery curves (Fig.
2) and the complete destruction of kinase activation by
phosphodiesterase (Table II), but also by the fact that
muscle extracts gave comparable kinase activation with
10— m EDTA in the activation mixture. It is prob-
able that only a small part of the muscie Ca*+ was ex-
tracted.

Unknown Activating and Inhibitory Substances.—
Unidentified heat-stable factors which potentiate or
inhibit the activation of phosphorylase b kinase by ATP
have been found in boiled extracts of various tissues.
In skeletal muscle these factors can be destroyed by
trypsin, and this constitutes the basis for using this
protease as described in the method presented here.
In the first experiment of Table III a boiled rat muscle
shows the same apparent cyclic-AMP level with or
without addition of 5 X 1078 M cyclic AMP. After
treatment with trypsin, added cyclic AMP is quanti-
tatively recovered. Since the untreated extract com-
pletely inhibited the response due to added cyclic
AMP, it is probable that the apparent initial level of
4.2 X 10-® M cyclic AMP was due to a kinase activator
other than cyclic AMP. Experiment 2 (Table III)
shows that trypsin treatment destroys an activating
substance in boiled frog muscle extract, and the third
experiment shows that the diesterase of Butcher and
Sutherland (vide supra) is ineffective in destroying the
activating substance. In this last experiment a muscle
extract was stored for several weeks at 0° before boil-
ing; this treatment greatly reduces the amount of
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inhibitory factor present. In separate experiments it
was ascertained that trypsin preparations had no ef-
fect on cyclic AMP itself.

No chemical characterization of the activating mate-
rial(s) beyond that given above has been attempted.
The inhibitory substance(s) is completely destroyed by
heating at 100° in 0.1 N NaOH but is only partially
destroyed by boiling in 1 N~ HCI for 60 minutes. It is
destroyed by trypsin (Table III) and is precipitable

TaBLE III
ACTIVATOR AND INHIBITOR SUBSTANCES
IN SKELETAL MUSCLE?

Real or
Apparent
Cyeclic
Experi- AMP
ment Substance Assaved (M X 108
1 Boiled rat muscle extract 4.2
Boiled rat muscle extract + 4.0
5 X 1078 M cyclic AMP
Trypsin-treated boiled rat 3.6
muscle extract
Trypsin-treated boiled rat 8.7
muscle extract 4+ 5 X
108 M cyclic AMP
2 Boiled frog muscle extract 10.0
Trypsin-treated boiled frog 2.0
muscle extract
3 Boiled frog muscle extract 8.0
(stored) + 5 X 108 ™
cvelic AMP
Boiled frog muscle extract 4.0

(stored) + 5 X 107%™
cyclic AMP. Mixture
treated with diesterase

* The activation of phosvhorylase & kinase is expressed
in terms of molarity of cyclic AMP in the “activation mix-
ture,”

with trichloroacetic acid (Gonzalez, 1962). It thus
appears to be a heat-stable protein or a large polypep-
tide.

Other Substances Tested.—A variety of nucleotides
including AMP, ADP, CMP, CTP, UMP, UTP, GMP,
GTP, IMP, ITP, as well as adenine and adenosine, were
tested at 1 X 10 ~*M and were found to be without effect
on the assay. Other substances tested and found to be
without effect were epinephrine (103 M), glucose (10 —3
M), glucose-1-P (10~* and 10-* M), glucose-6-P (10—?
and 10~¢ M), inositol (10—® and 10-* M), glutathione
(10 —% M), lactic acid (10 —3 M), acetylcholine (10! M),
UDPG (1.25 X 10— m), DPN (10— M), L-anserine
(10 % M), L-carnosine (10-3 M), DL-carnitine (103 M),
creatinine (10~%), creatine (10-* M), and creatine-P
(10—* M).

Methylxanthines.—Methylxanthines have been
shown to inhibit 3’,5'-nucleotide phosphodiesterase,
an enzyme which converts cyclic AMP to AMP
(Butcher and Sutherland, 1962). Since the 30-super-
natant fraction of phosphorylase & kinase used in the
cyclic-AMP assay contains detectable amounts of
phosphodiesterase, addition of caffeine or theophylline
was tried in an attempt to increase the sensitivity of
the assay. The results are shown in Figure 3. Caffeine
at 2 X 102 M had no significant effect on the assay.
Theophylline at 2 X 10-? M gave small but definite
increases in phosphorylase & kinase activation at all
levels of cyclic AMP except 1 X 10 % M (a supermaxi-
mal concentration). Theophylline had no effect on
Mg?+ and ATP activation of phosphorylase 4 kinase
in the absence of cyclic AMP.
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Fic. 3.—The effect of methylxanthines on the cyclic-
AMP-.agsay system. Curve A is a standard cyclic-:AMP
curve run without addition of methylxanthines. Curve B
is a simultaneously run curve with 2 X 10-3 M theophylline
present. Another assay in the presence of caffeine, 0.02 M,
is not shown since the values were identical with the control
points. The encircled point represents no added cyclic AMP.

Nonenzymatic Production of Cyclic AMP

In early experiments the frozen muscle powder was
extracted with H;O and then boiled in 0.1 N NaOH to
destroy substances interfering with the assay. The
possibility presented itself that this procedure might
result in the nonenzymatic production of traces of
cyclic AMP from ATP in the presence of a divalent
metal ion (e.g., Mg?* or Ca?*) extracted from the
muscle. It was known that heating ATP with Ba-
(OH), would produce cyclic AMP (Cook et al., 1957).
Accordingly experiments were run in which the non-
enzymatic production of cyclic AMP was studied.
Mixtures of Mg2+ and ATP were boiled either in 0.1 N
NaOH or at pH 7 and assayed for cyclic AMP; a typi-
cal experiment is shown in Table IV. There was de-

TaBLE IV
NoneENzyMaTIC PrRODUCTION OF CYCLIC AMP*
Cyclic AMP
Present
Medium (M X 107
No addition (pH 7) 1.0
0.1 N NaOH 5.0
0.012 M KH,PO. (pH 7.8) 0.5
0.025 M KH,PO, (pH 7.8) 0
0.038 M KH,PO, (pH 7.8) 0
0.050 M KH,PO, (pH 7.8) 0

¢« ATP (0.004 M) and Mg2* (0.015 M) were boiled for 5
minutes in the various media and then cooled in ice. Ali-
quots (0.2 ml) were assayed for cyclic AMP, Values are
reported in terms of the concentration of cyclic AMP in
the ATP solution.
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tectable formation of cyclic AMP even when neutral
mixtures were boiled and more marked production of
this nucleotide in alkali. It appeared prudent to aban-
don the use of NaOH in preparing extracts for assay.?
Since it was still desirable to be able to extract the
powder by boiling, experiments were carried out to see
whether nonenzymatic cyclic:AMP production from
ATP and Mg?+ could be prevented in the presence of a
buffer that would chelate the metal. KH,PO,, 0.025 M,
was found to block cyclic production (Table IV) and
was chosen as the extracting medium to use in the
assay.

2 In practice there may actually be no significant non-
enzymatic cycliccAMP production in skeletal muscle ex-
tracts treated with NaOH, since the mean cyclic-AMP
values for rat muscle in the present study using the trypsin
method do not differ greatly from previously published
values (Posner et al., 1962).
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