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Phosphorylation of Myosin by Adenosine
Triphosphate

THE study of the interaction between actomyosin
and adenosine triphosphate has hitherto given
evidence of physical changes in the protein and of
its enzymic activity. Very little was known, however,
of chemical changes in the protein molecule accom-
panying the physical effects. Phosphorylation of the
protein! and formation of an adenosine triphosphate-
protein compound? have been suggested as alternative
possibilities, but conclusive experimental evidence has
not yet been presented.
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cause orthophosphate is quantitatively removed by
the washing preceding denaturation.

While phosphorylation and nucleotide uptake are
independent of the enzymic activity of the protein, a
close correlation exists between chemical effects and
constriction of volume. Both phenomena require the
presence of adenosine triphosphate, which is highly
specific for both reactions. In increasing concentra-
tions adenosine triphosphate causes increasing phos-
phorylation and nucleotide uptake as well as in-
creasing volume econstriction. Addition of mag-
nesium salts, which enhances the latter effect, also
increases phosphorylation.

Content in phosphate and adenine (xgm./gm. threads)

Temperature 0°C. 37°C.
Sub- | No. of No. of
stances | experi- P, P, Pr [Pr—Po|Pr—P: A experi- | P, Py Pr [Pr—Py|Pr—P, A
applied | ments ments
Actomyosin Water 22 120 2-35 4-20 | 1415 | 1-85 | 11:35 15 0-95 2-25 4-10 | 1-30 | 1-85 | 1020
Water b 100 235 4+35 | 135 | 2:00 | 11-30 2 1-30 2-30 5+66 | 1+00 | 8+25 | 1100
ATP* 9 285 5-50 7-80 | 2:65 [ 2:35 | 14-40 13 4-80 865 | 1210 | 3-85 | 8-45 | 17:06
Actin-free Wa 4 115 1-90 2-85 | 075 | 0°95 9-20 4 1-60 235 395 | 0-76 | 1-60 | 10-55
myosin ATP 10 6-25 9-35 | 1395 | 3-10 | 4-60 | 18156 8 9:20 | 12:30 | 17-10 | 3-10 | 4-80 | 2030
Actomyosin Water 1 1-40 215 400 | 0°75 | 185
with low ad- | ATP* 2 550 7-85 | 12-55 | 2-35 | 4-70 2 6-75 | 900 16-75 | 2-25 | 7-75
enosine tri- | ATP+
phosphatase KCl+ 2 1145 | 13:10 | 20-40 | 1-65 | 730
activity MgCl.t

* 2 x 10~* mol./ml. adenosine triphosphate.
¥2 x 10°° mol./ml. adenosine triphosphate 4+ 1 x 10* mol./ml.

Actomyosin and actin-free myosin threads contain
appreciable amounts of adenine, ribose and phos-
phorus which cannot be removed by repeated washing,
but are extractable after denaturation. In the
protein-free extracts the phosphorus is present as
orthophosphate (P,)}, readily hydrolysable phosphate
(P,—P,) and difficultly hydrolysable phosphate
(PT—P,).

Treatment with adenosine triphosphate causes a
considerable increase in adenine, ribose and the
different phosphate fractions, not removable by re-
peated washing (see table}), The ratio of readily
hydrolysable phosphate and phosphate hydrolysable
with difficulty to adenine corresponds roughly to the
ratio calculated for adenosine diphosphate.

The uptake of adenine, ribose and phosphate can
be observed only after the application of adenosine
triphosphate. No uptake of either nucleotide or
phosphate follows treatment of the protein with
adenosine diphosphate, adenylic acid, orthophosphate
or pyrophosphate. The effect of adenosine triphos-
phate is independent of the adenosine triphosphatase
activity of the protein, as threads from preparations
with high and low enzymic activity give the same
results. Inosine triphosphate and inorganic tri-
phosphate, which are both split by adenosine tri-
phosphaitase, produce neither an uptake of nucleotide
nor of phosphate. Furthermore, an increase in tem-
perature from 0°C. to 37°C. is accompanied by a
much higher increase in enzymic activity than in
nucleotide and phosphate uptake.

The orthophosphate found in the protein-free
extract must originate from highly labile phosphate
bound to the protein, that is, it is the expression of a
phosphorylation of the protein. It can scarcely be
present as orthophosphate before denaturation, be-

potassium chloride + 1 x 10~* mol./fml.

magnesium chloride.

Adenosine triphosphate causes phosphate and
nucleotide uptake both in threads of actomyosin
and actin-free myosin, whereas the constriction of
volume occurs only in the presence of actin. Hence,
the chemical changes must be localized in the myosin
moiety of the protein.
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Ribonucleic Acid Supply and Phosphatase
Distribution during the Spermatogenesis
of Asellus aquaticus

STupiEs on the spermatogenesis of Asellus
aquaticus L.' directed attention to the polyploid
cells sarrounding each testicular lobe. It has been
found that these cells show cyclic wvariations of
morphological characters both in nucleus and in
eytoplasm which correspond to different phases of
spermatocytic evolution.  The latter is almost
synchronous in each lobe, and a small bunch of
spermatogonia remains in the basal portion of the
lobe, to ensure the next spermatogenetic wave.

The nuclei of the surrounding cells are polyploid
of the Gerris type? that is, with chromosomes
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