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We have shown that vanadate has a distinct positive ionotropic effect in cat papillary
muscle {1). This positive ionotropic offect could be due to vanadate induced inhibi-
tion of (Na'+ K*)-ATPase, which has been shown to occur in red cells (2) and in mem-
brane preparations from dog kidney (3). This enzyme inhibition has been shown to be
rather specific as other ATPases were not affected under these conditions (3). Vana-
date, therefore, has been suggested to be "an ideal specific regulater" of the

(¥a*+ XT)-ATPase (3).

However, positive ionotropic effects in the heart can alsc be caused by other mecha-
nism, such as stimulation of cardiac adenylate c¢yclase by catecholamines (4). In fact,
it has been demonstrated that vanadate does stimulate adenylate cyclase activity in
fat cells, too (5). The experiments presented in this paper show that vanadate causes
a marked stimulation of cardiac adenylate cyclase in membranes isolated from guinea-
pig heart.

Methods: A crude membrane fraction was prepared as described by Drummond and Severson
(1974) (6). The determination of adenyate cyclase activity was measured as described
by Salomon et al. (1973) (7}. The assay contained a total volume of 60 ul: MgCl,,

1 mM; creatinephosphate, 8.7 mM; creatinekinase, 50 U/ml; cyclic AMP, 1 mM; isobutyl-

methylxanthine, 5.4 mM; Tris-HCl buffer, pH 7.8, 50 mM; °2

P-ATP, 0.3 mM (25-50 cpm/
pmole), and myocardial membranes (80-160 pg protein). The chemicals used to assay ade-
nylate cyclase were of analytical purity and were purchased from E. Merck, Darmstadt,

and Boehringer, Mannheim, Germany.
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Results and Discussion: Na3V04 (10—5— 10-2
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M) stimulates the activity of adenylate

cyclase in a concentration-dependent manner from 290 to 3050 pmoles/mg prot x 10 min,

probably in a saturahle manner (Fig. 1). Calculation of the K -value for Na V0

3 4 ac-

cording to Lineweaver-Burk yields a value of 200 pM. This stimulating effect might be

induced either at the fB-adrenergic-binding site, at the coupling-mechanism (8) between

receptor and adenylate cyclase or at the enzyme directly.

Fig. 1: Incubation of cardiac tissue with increasing
concentrations of isoproterenol and vanadate: with-

out isoproterenol e —e, 0.1 pM isoproterenol o - o,
1.0 pM isoproterenol () —(J, 10.0 uM isoproterenol
x - x. Vanadate and isoproterenol stimulate addi-

tionally the enzyme until adenylate cyclase is maxi-

mally stimulated.

Catecholamines bind to the B-adrenergic receptor

and by this way stimulate the enzyme (4). LEW
-5

(1073~ 1072 M) has no effect on the specific bind-

cAMP {nmoles / mg =10 min)
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ing of (-)—3H—dihydroalprenolol in cardiac cell membranes (Experiments not shown). Ad-

ditionally, binding inhibition of labelled dihydroalprenolol by fB-adrenergic agonists

or antagonists is not affected by Na3V04 (Experiments not shown). The well-known sti-

mulating effect of isoproterenol on adenylate cyclase is apparently not influenced by

Na_SVO4 (Fig. 1). When plotting the data according to Lineweaver-Burk, there is no in-

dication of a competitive action hetween isoproterenol and vanadate. Thus,

renol and vanadate stimulate the enzyme independently of each other.

Fig. 2: Cardiac tissue is incubated with increasing

2+

concentrations of Mg“ , F_ and Na3V0 The basal ac-

4
tivity of adenylate cyclase is set 100 %, the in-
creasing different stimulation effects of Mg>* ([1),

Na, Vo (@) and ' (#®) are shown as percentage over

basal activity. Na3V0 in the same concentration

4

overcomes the effects of Mg2+ and F .

F~ and Mg2+ activate adenylate cyclase in cell mem-
branes devoid of a B-adrenergic binding site (9).
The activation site for these ions is thought to bhe

at the coupling mechanism between receptor and en-

zyme (10) or on the enzyme directly. At identical

°/o increase of basal adenylate cyclase activity
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2
concentrations, Na3V04 is the most potent stimulator of adenylate cyclase among Mg M

and F~ (Fig. 2). As shown (see Table 1}, the enzyme may be stimulated additionally by
Na3V04 and F~ together up to a maximum of 4883 pmoles/mg prol x 10 min. Plotting these
values according to Fig. 1, indicates that F and Na3V04 stimulate the enzyme through

different active sites.

Tahle 1: Incubation of increasing concentrations cAMP ( pmoles / mg x 10 min )

of F~ and Na V0, to adenylate cyclase.
374 NaF Nu3V04

Comparing our data to Schwabe et al. (5), it may (M) 0 01 mM 10 M

be noted that no effect to adenylate cyclase ac-

tivity is obtained in fat cells when Na_V0, and 0 450 1250 3040
0.2 a79 221 4868

2.0 2396 2852 4883

F~ were incubated together. Noradrenaline in

their experiments together with vanadate caused

only little stimulation of the adenylate cyclase of fat cells. This may be due to the
different sources of tissue or to the rather high concentration of Mg2+ used in their
assay (20 mM Mg2+).

As vanadate acts directly on (Na'+ K*)-ATPase by a binding site with high affinity (3)
a similar mechanism might exist at the adenylate cyclase. Mg2+— and nucleotide bind-
ing sites on the adenylate cyclase have already been characterized (11,12). Gpp(Nli)p,
a non-hydrolizable nucleotide, binds to a specific site, and stimulates the adenylate
cyclase in a concentration-dependent manner (13). Incubation together with vanadate is
of no additive effect (Fig. 3). Plotting these data according to Lineweaver-Burk indi-
cates a competitive activating process. The calculation of Km values for Gpp(NH)p ac-
tivated adenylate cyclase resulted in 0.250 pM and for Na, VO, in 200 pM with an iden-

3 4
tical Vmax of 3.0 nmoles/mg prot x 10 min.

Fig. 3: Effects of Gpp(NH)p and vanadate, to-

gether, on the adenylate cyclase. Increasing con-
centrations of Gpp(NH)p stimulate the adenylate w0
£
cyclase in a concentration-dependent way: with- g
= 30 &
out Gpp(NI)p e - ¢, 0.1 pM Gpp(Ni)p o - o, 1.0 2 T
~ x ////
»M Gpp(NH)p O -, 10.0 pM Gpp(Nil)p x - x. In- 3 20 .o
E o4—0
creasing concentrations of vanadate demonstrate - )
.. 1.0
3 +—:
no additional but a competitive effect. < A
A
L4
These experiments may indicate that the cardiac 0 0wt w? g
Nayvo, (M}

adenylate cyclase is stimulated by Na3V04 via

the nucleotide binding site. The real mechanism of the vanadate effect remains, how-
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ever, still speculative: (a) competition at the nucleotide binding site as at the
(Na*+ k*)-ATPase (14), (b) binding to the GTPase and thereby inhibiting the hydroly-
zation of the endogenous GTP (13).

Further experiments with 48V—N33V0 are in progress to investigate the mechanism of

4

Na3V04 action., In view of the presence of vanadate in mammalian tissue (serum concen-

tration ahout 1 pM, and higher concentrations in tissues) (16} the vanadate stimulat-

ing effect on adenylate cyclase may he of physiological importance. It has therefore

to be discussed as a reason for a biological effect of vanadate (ionotropic) besides

the inhibition of the (Na'+ K¥)-ATPase. Recent experiments have shown that (Na*+ K¥)-

ATPase may be stimulated under certain conditions by vanadate, too (17).
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