Adenosinetriphosphatase of muscle.’

by
K. LAKL

JACOBSEN,! BARRENSCHEN and LANG demonstrated the
cxistence of a phosphate splitting enzyme in animal tissues
which exhibited great substrate specificity towards ATP. This
enzyme, called ATP-ase liberates two inorganic phosphatcs
from the ATP thus forming adenylic acid. Later T. Saron®
held the view that the dephosphorylation of ATP is accomplished
by two enzymes, one is a pyrophosphatase producing ADP, the
other is a phosphomonoesterase. One of them needs an activator
while the other working at pH 9,0 needs Mg ious, LOHMANN'
found that in crab‘s muscle only cne phosphate is split off from
the ATP. He found also that even in muscle tissues in which
the ATP is broken down to adenylic acid, the washing of the
muscle renders it incapable of splitting more than one phosphate
group, and that the addition of Mg restores the full activity,

The ATP-ase attracted much attenticn when ENGFLHARDT
and LIUBIMOWA® concluded from their experiments, that myosin,
the contractile element of the muscle, might be the ATP-ase
itself. According to these authors the myosin  splits one
phosphate group from the ATP and the splitting of the second
phosphate is brought about by a water soluble enzyme.

The experiments presented in this paper show that the
enzymatic hydrolysis of two inorganic phosphate groups of the
ATP molecule in the muscle tissue is not due to a single enzyme,
but is a joint action of various factors present in the muscle.
A muscle juice obtained by extracting the minced muscle with
water is very active in splitting off two labile phosphate groups
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from the ATP molecule. This turbid mwuscle juice can be sepa-
rated into two parts by centrifugation, One of them is the
precipitate, the other is the supernatant fluid. The plicsphatase
activity resides in the precipitate, the supcrnatant clear fluid.
containing the water soluble part of the muscle, is inactive, It
was found that the precipitate, when washed four or five times
with water did not only lose some of its original activity but
became altered in such a manner that it was able to hydrolyse
only one phosphate group from the AT molecule. It was also
found that the full activity (the splitting of two phosphate
groups) could be restored by bringing the precipitate and the
inactive water soluble part of the muscie together.

It is clear that the insoluble muscle particles which consisi
mainly of actomyosin contain the enzyme responsible for the
splitting of one phosphate from the ATP. The splitiing of the
second phosphate group is brought about by the joint action sf
the insoluble muscle particles and the water soluble part of the
muscle, (Fig. 1.) This water soluble part of the muscle which
I call aqueous extract exhibits phosphatase activity ncither on
ATP nor on ADP,

It can be seen from fig. 2 that the splitting of the first
phosphate group has a pH-optimum at 7,4 {(curve 1) and the
splitting of the second phosphate at pH 8,6 (curve 3).

The analysis of the action of the agueous extract showed
that two factors were responsible for the rcactivating effect of
the extract: one of them is a protein like suhstance, the other is
the Mg fon, which can be substituted by Co*' and Mn™".

Pyrophosphate inhibits the splitting of the sccund
phosphate group.

Experimental,

Preparation of the wuashed muscle suspension which
splits one phosphate group from the ATP.: 50 gr. of pigeon
breast muscle were minced in the Latapic mincer and mixed
with 130 cc. of dist. water. The mixture was allowed {o stand in
the cold for two hours, then it was squeezed through a cloth.
The turbid fluid obtained was centrifuged and the precipitate
washed in the centrifuge four or five timcs, each time with abaut
130 cc. of dist. water, The pecipitate was finally suspended in
40 ce. of 0,6 M KCI solution.
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It often happencd that even after the fifth washing the
muscle suspension retained some  activity in regard to the
splitting of the second phosphate group. In such cases it was
enongh to allow the muscle suspension to stand in the ice chest
in order to obtain a suspension which sptits only one phosphate
group.

Preparation of the aqueous extract which activates the
splitting of the second phosphate group: The muscle juice, from
which the insoluble particles were separated by contrifuga-
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tion, was dialysed overnight in the cold against dist. water.
After centrifugation a clear fluid was obtained which showed
no phosphatase activity but restored the full activity of the
above muscle suspension. So this aqueous extract contains a
jactor which is nccessary to activate the splitting of the second
phosphate group.

Fig. 1. shows the result of a typical experiment demons-
trating the role of the two factors. The quantities of the inorga-
nic phosphate marked on the crdinate are plotted against the
time on the abscissa. Curve | shows that the muscle suspenrsion
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splits one phosphate group. From curve 2 it can be seen that
in the presciuce of the aqueous extract two phosphate groups
are split off.

The experiment presented on fig. 1 was performed in the followix
way: The reaction mixture was pipetted into two Erlemmeyer flasks placed
in the water bath (36%). The composition of the reaction mixture in the flasks
was the folloving: into the first flask 5 cc. of M/20 borate buifer pH 8,5,
4 cc. of water, 2 cc. of muscle suspencion and 1.5 ce. of ATP (15 mg)
solution were pipetted. In the second flask in addition to the above com-
ponents 1 cc. of agueous extract was added replacing 1 cc. of water. The
itasks were gently shaken during the experiment, The reaction started
when the ATP solution was added to the reaction mixture. The reacticn
was folloewed by the estimation of the inorganic phosphate liberated. For
this purpose from time to time 2,5 cc. were pipelted out of the reaction
mixture into test tubes containing 1 cc. of 20% trichloroacetic acid. Then
the solution in the test tubes was filtered and the inorganic phosphate was
estitmaed in the {iltrate.

In all the experiments presented in this paper the inorganic phos-
phate was determined by the FISKE and SUBBAROW method with the
modification of LOHMANN and JENDRASSIK.

Inhibition cof the Splitting of the second phosphate group.
It was found that pyrophosphate had a strong inhibiting effect
on the dephosphorylation of the ATP. Pyrophosphate in M/100
concentration prevented the liberation of the sccond phosphate
group, but it had no effect on the splitting of the first phosphate
group. The inhibiting effect of pyrophosphate can he paralysed
by the addition of Mg.

Effect of pH on the dephosphorylation of the ATP. It can
be seen from fig. 2 that the splitting of the first phosphate Lroup
dccomplished by the muscle suspension has a pH optimum at
7,4 {curve 1), When two phosphate groups arc hydroiysed the
pH optimum is at pH 8,6 (curve 2). Subtracting curve 1 from
curve 2, curve 3 results. This curve represents the activity
—pH curve of the action of the aqueous extract.

The experiments which gave the resulls shown in curve 1 and 2 were
periormed in test tubes. Two sets of test tubes were used. The first set conisted
of 8 tubes, Into each tube the felowing solutious were pipetted: 1 ce. of
veronalacetate buffer with different pH-s, 0,3 cc. of the muscle suspension,
1,5 cc. of M/20 Na-pyrophosphate solulion adjusted prior to the pH of the
buifer solutions, and 0.4 cc. of water, The réle of pyrophosphate in these
experiments was to assure that no second phosphaie splitting occurel.
in the second set of test tubes the reaction mixture was similar to that of
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the first except that pyrophosphate was not added, but there was added
0,3 cc. of aqueous extract instzad to achieve the splitting of two phospliate
groups. The total volume of the solutions was brought up to 2,2 cc.
Ly the addition of the necessary volume of water. The tubes were placed
into the water bath (36°). After temperature equilibrinm was reached to
each tube 0.3 cc. of ATP (3,8 mg.) solution was pipetted. The reaction time
was 16 minutes. Then the reaction was stopped by the addition of [ cc. of
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Fig. 2. The action of pH on the
liberation of phosphate when only
one phosphate group (curve 1),
and when two phosphate groups
are split off irom ATP (curve 2).
Curve 3 results by subtracting
curve 1 from curve 2 and thus
reprecents the activity pH curve
of the ogqueous extract.
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Fig. 3. The rate of liberation of
phosphate from ATP by the

muscle suspension {curve 1). Curve
Z represents the same in the pre-
sence of Mg, curve 3 in the pre-
sence of the agueous extract and
curve 4 i the presence of Mg
and the aqueous extract together.
The dotted line represents the
guantity of P cosresponding to
the splitting of one phosphate
group from AT

20% trichloroacetic acid, Aiter filtration the inorganic phosphate was deter-
nmined. In iig. 2 the curves are drawn by plotting the phosphate guantities
ayainst the pH-s at which the reaction proceeded.

Purification of the aqueous exiract. 220 gr. of pigeon
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breast muscie were minced in the Latapic mincer, then 440 ¢c.
of dist. water was added and the mixture was allowed to stand
in the cold. After four hours it was squeezed through a cloth.
The 410 cc. of turbid fluid were centrifuged. To the super-
natant fluid (400 cc.) 40 ce. of N acetic acid were added and
the solution placed in a water bath (36") for 15 minutes. 37,5
cc. of N KOH were then added and the great quantity of precipi-
tate formed was discarded. To the clear reddish fluid ammo-
niumsulfat was added to reach a 0,6 saturation. The solution was
filtered through fluted filters and the precipitate discarded. By
the addition of more ammoniumsulfate to the solution the
Saturation was brought to 1,0. The precipitate, which contains
the active substance, was collected on the filter paper and
dissolved in 30 cc. of dist, water. The reddish solution was
dialysed overnight against dist. water in the cold and then used
for the experiments.

The activating effect of magnesium ions, The experi-
ment, presented in fig, 3 shwos that the aqueous extract
has almost lost its activity by this purification process
(curve 3) and that it activates the rmuscle suspension only ia
the presence of Mg ions (curve 4), thus demonstrating that
the activating effect of the original agqueous extract is due
to two factors: one of them being a pretein, the other the
Mg ion. Curve 2 shows: that Mg has no efiect on the splitting
of the first phosphate group. (The slight activation is
very likely due to incomplete removal of the protein component
of the extract). The Mg must be hound to the protein because
it cannot be removed even by prolonged dialysis and the puri-
iication procedure was nceded to remove it from the protein.
Co, Mn ions can substitute the Mg ious in the samc concentra-
tion, but Fe, Ni, Cu, Cn cannot: they even inhibit the reaction.

The experiment presented in fig. 3 was perfermed in Erlenmever
flasks. Four flasks were used each containing the iollowing solution:
5 ce. of borate bufier pH 85, 2 ce. of muscle suspension, 1,5 ce. of ATP
(15.2 mg) solution which was added to the reaction mixture only when
temperature equilibrium was reached. The addition of ATP marked the
starting of the reaction, In addition to the above solufions 1,2 cc. of M1
MaCl, solution were added to the second and fourth flask, 1,5 cc. of ten
times diluted purified aqueous extract to the third and the fourth flask.
With dist. water the total volume in each flask was adiusted to 125 ce.
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At the ©, 10, 20 and 30 minute 2,5 cc. samples were removed from the
flasks and the pliosphate deterinined as above.

Sumrﬁary.

The insoluble muscle particle in itself is only capable of
«plittng one phosphate group from the ATP moleculz, The
splitting of a second phosphate group is due to the joint action
of the insoluble muscle particle, a soluble protein and Mg ion.

The splitting of the second phosphate group can be
inhibited by the addition of pyrophosphate.
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