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THEORETICAL SPECTRUM
J .
OF CH,0H FOR & =0 2|

HM

Tig. 1. - Proton maglictic resontance spectrum of methyt
alcohol at 40 X 108 sec™1,

with the theoretical spectra: (b) in sotne instances,
molecules which are free to exchange and molecules
which are complexed to acetone can be observed
simultaneously and intensity measurements pro-
vide a measure of the number of molecules in each
state; (c) the effect of acetone concentration on ex-
change rate can be studied.

A full report on these experiments is being pre-
pared and will be published in the near future.
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EVIDENCE FOR AN INTERMEDIATE IN THE HYDROL-
5 YSIS OF ATP BY MUSCLE PROTEINS
Ry

Muscular contraction has been shown to involve
the interaction of an energy source, ATP, with the
muscle proteins actin and myosin,! but the nature
of the interaction has remained obscure. Iso-
topic studies reported here give evidence on the
existenice and properties of an intermediate formed
during superprecipitation of actomyosin, the gel
analogy of muscular contraction.

(1) (a) A, Szent-Gyorgyi, “"Clhieunsry of Muscular Cantraction,”
New York, 2nd edition, 1951; (b) 8. V. Perry, Symposia Soc. Experi-
mental Biol., 9, 203 (1955); (c) J. Hanson and H. E. Haxley, ibid.,
9, 2u8 (1953); (d) H. H. Weber, ibid., 9, 271 (1955).
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In Table I the results of experimnents in which
ATP was hydrolyzed by muscle proteins in H,O"
are presented. Superprecipitation was observed
during reaction with the actomyosins. It is seen
that the phosphate produced in the reactions with
intact lobster muscle, purified actomyosin, syn-
thesized actomyosin and myosin had an O'™-con-
tent greatly in excess of the value (0.25) to be ex-
pected for simple cleavage of the terminal bond.
That the exchange occurred at a stage intermediate

TasrLe I
OB.ConTERT OF I;PO; PRODUCED 1IN THE ITyDROLYSIS
or ATP (ApENOSINE TRIPHOSPHATE) BY MTUSCLE PROTEINS
Conditions: 0.06M tris, 0.0117 MgCl, 0.00507 ATP,
0.1 KCI, pH 7.3, atom 9 excess of medinm H,O, ca. 1.0
08 atom %,
excess Hil?Oy

Iixpt. 018 atom 7,
no. Protein excess Hui()
1 Actin, rabbit muscle 0.0047
2 Mrvosin, rabbit muscle 0.77

3 Actomyosin, synthesized from

actin and myosin prepara-

tions 0.52
4 Actomyosin, isokited from

rabbit muscle 0.52
5 Lobster muscle strips® .71

¢ OB.content of phosphate in unhydratyzed ATP.

between the starting material and final product was
shown by the (a) absence of exchange (less than
0.01 atom 9 excess) with inorganic phosphate
added alone or during ATP hydrolysis and (b) ab-
sence of O in unhyvdrolyzed ATP (less than 0.029;)
isolated after stopping the reaction at ce. 509
hydrolysis. Thus, the interinediate cannot be in
rapid mobile equilibrium with either the starting
material or the product. Furthermore, the high
exchange in these experiments with Mg™ + and the
lack of exchange in previously reported?® experi-
ments with Ca** show that a striking change in the
properties of the interinediate is caused by the ac-
tivating metal ion.

Despite the extensive purification of the in-
dividual proteins, the possibility of a contaminant
required specigl attention in view of the known
scavenging properties of myosin® and the O
exchanges in other systenis.* The formation of
actomyvosin from mivosin increased the rate of
hydrolysis tenfold. If an impurity unrelated to
actin were causing the OS-exchange in myosin tlhe
amount of exchange in actomyosin prepared from
it should be decreased by approximately this factor.
Accordingly, actomyosin was synthesized! from
the purified actin and myosin preparations and
the decrease in exchange was found to be too small
to be accounted for by such an impurity (¢f. experi-
ments 1, 2 and 3, Table I). Further support for
this conclusion was obtained by the agreement in
cxchange rates with intact lobster muscle,” isolated
actomyosin and synthesized actomyosii.

(2) D. E. Kashland, Jr., Z. Budenscein and A. Kowalsky, J. Bial
Chem., 211, 279 (1854).

(3) H. M. Kalckar, ibid., 163, 358 (1944).

(4) M. Cohn and G. R. Drysdale, sbid., 216, 831 (1633); P. @I
Boyer, A. B. Falcone and W. . Harrison, Nature, 174, 101 (1951,

M. Cohn, J. Biol. Chem., 280, 369 (1958).
(5) D.E. Koslhland, Jr., and E. Clarke, ibid., 206, 917 (1053),
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The simplest explanation for these facts is that a
phosphorylated intermediate, capable of exchang-
ing oxygen with water, is formed in the myosin por-
tion of the actomyosin. The actin can then attack
this intermediate with formation of an actin-
myosin bond which holds the protein in contracted
form.
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FORMATION OF VOLATILE COMPOUNDS BY Pb2!2
RECOILING FROM ALPHA DECAY!
Sir:

The discovery that tritium and halogen atormns,
recoiling from nuclear processes, undergo sub-
stitution reactions in the gas phase in high yield has
prompted us to investigate the possibility of gas-
phase reactions for metallic atoms undergoing nu-
clear recoil.2~* OQur experiments demonstrate the
formation of volatile organo-lead compounds by
Pb?!? atoms from the alpha decay of Po*® in a
methane atmosphere.

The thoron (Em??) daughter activity in equi-
librium with Th?3? was removed from thorium nitrate
solution by sweeping with carrier gas. The carrier
gas flowed through a cold trap, a 200-ml. storage
bulb, and then was vented. After the system
reached equilibrium, the bulb was shut off and by-
passed, and became a vessel for reaction of thoron
decay products with sweep gas. The steady-state
concentration of Em?® in the bulb was determined
from a gas aliquot taken immediately after isola-
tion from the flow system.

The formation of volatile Pb?!? compounds was
studied by isolating the reaction bulb until the de-
cay of thoron to Pb?!? was essentially complete (=
15 min.). An aliquot of the gas then was examined
for Pb?!? activity. An appreciable amount of the
Pb?? in methane sweep gas was transferred with
the aliquot. The results of these experiments are
summarized in Table I. In similar experiments

TasLE I
PER CENT. VOLATILE P1?!2 prOM Po2!* RECOIL IN GASEOUS
ATMOSPHERE
Delay time Volatile
Gas min. activity, %

Methane 15 38
30 20

45 14

60 19

330 5

Helium 15 0
30 0

with helium carrier, no Pb?!? activity entered the
proportional counter. The range of Pb?!%z (128
k.e.v. recoil energy) is < 1 mm. in methane or he-
lium at STP,® but long enough to ensure equilibrium
in charge-exchange processes. Therefore, essen-

(1) Research supported by A.E.C. contract No. AT-(11-1)-407.

(2) M. El-Sayed and R. Wolfgang, THis JoUrNAL, 79, 3286 (1957).

(3) A. Gordus, M. Sauer, and J. Willard, {bid., 79, 3284 (1957).

(4) J. Willard, et al., J. Chem. Phys.. 20, 1556 (1952); 25, 904
(1856); Tmis JourNar, 78, 6160 (1933); 79, 4609 (1957).

(5) D. L. Baulch and J. F. Duncan, Austral. J. Chem., 10, 112
(1957).
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tially no recoils will strike walls before thermaliza-
tion, while all should be neutralized before chemical
reaction.

The Em?? concentration was reproducible to
£ 409 —each run was compared to a zero-delay
run immediately preceding. The decay curve in
each case showed the growth of TI*® and Bi%'?
daughters of Pb?'2 as well as Em?% from Ra?* in
solution.

The nature of the organo-lead compound(s) has
not been established—the lower volatile percentages
with longer delay times probably are caused by fur-
ther reactions of the original species, leading to less
volatile compounds.

Volatile metallic products may prove useful for
quick chemical separations of nuclear recoils from
thin films. They may also help to explain low
gaseous diffusion coeflicients observed for T12%88
and are important in measurements of bond-break-
ing accotnpanying 8~ decay such as in Pb*1(CHj),.”
Other metallic recoil atoms are being studied.

(6) D. L. Baulch, J. F. Duncan and J. P. Ryan, ¢bid., 10, 203 (1957).
(7) R. R. Edwards, J. M. Day and R. F. Overman, J. Chem. Phys.
21, 1555 (1953).
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INTERCONVERSIONS OF POLYRIBONUCLEOTIDES
AND NUCLEOSIDE TRIPHOSPHATES!

Sir:

Ribonucleoside diphosphates have been shown
to be the precursors of polyribonucleotides in the
polynucleotide  phosphorylase reactions.” En-
zymes catalyzing this reaction have since been dem-
onstrated in extracts from a variety of microbial
and plant sources,® and purified from several differ-
ent bacteria.®*® An enzyme catalyzing the phos-
phorolysis of adenylic polynucleotide to ADPS has
recently been isolated from nuclei of mammalian
liver.” Some evidence has been accumulated,
however, which suggests that the incorporation of
AMP into polymeric material catalyzed by soluble
extracts from mammalian sources may utilize
ATP as the substrate 3!

(1) Supported by grants-in-aid No. H-2177 from the National Heart
Institute, USPHS, from the National Science Foundation, and the
Eli Lilly Research Laboratories, Presented in part at the Meeting of
the American Society of Biological Chemists, Philadelphia, April,
1958,

(2) M. Grunberg-Manago and S. Ochoa, THis JournaL, 77, 3165
(1955); M. Grunberg-Manago, P. J. Ortiz and S. Ochoa Science, 122,
907 (1955); Biochim. et Biophys. Acta, 20, 269 (1956).

(3) D. O. Drummond, M. Staehelin and S. Ochoa, J. Biol. Chem.,
225, 835 (1957).

(4) R. F. Beers, Nature, 177, 790 (1956);
(1957).

(5) V. Z. Littauer, Federation Proc., 18, 302 (1956); V. Z. Littauer
and A. Kornberg, J. Biol. Chem., 226, 1077 (1957).

(6) Abbreviations used: tris,tris-(hydroxymethyl)-aminomethane,
P;, inorganic phosphate, PP;, inorganic pyrophosphate, ATP, adeno-
sine 5’-triphosphate, ADP, adenosine 5’-diphosphate, GTP, guanosine
5'-triphosphate, UTP, uridine 5’-triphosphate, CTP, cytidine 5’-
triphosphate, RNA, ribonucleic acid or mixed polyribonucleotide,
c.p.m., counts per minute above background, corrected for self-
absorption.

(7) R.J. Hilmoe and L. A. Heppel, THis JourxNar, 79, 4810 (1957).

(8) E. S. Canellakis, Biochim. Biophys. Acta, 23, 217 (1957); 25,
217 (1957).

(9) P. C. Zamecnik, M. I. Stephenson, J. P. Scott and M. L. Hoag-
land, Federation Proc., 16, 275 (1957).
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