smaller amounts, yielded mass spectra
in which only the molecular ion and
an M-15 peak (if a methyl substituent
was present) were evident. On the
basis of this evidence and results from
the coinjection of standards, these com-
pounds are tentatively assigned the
structures 2,6-dimethylnaphthalene, 1,3-
dimethylnaphthalene, diphenylmethane,
1,4-dimethylnaphthalene or 2,3-dimeth-
ylnaphthalene, or both, fluorene, and 1-
methylphenanthrene.

Molecular ions were obtained for
nine other compounds, but standards
were not available to enable us to es-
tablish their identities. In a few cases,
tentative structural assignments were
made on the basis of molecular weight
and the presence or absence of an M-
15 peak. It was also possible to rule
out several possible compounds as re-
sponsible for these unknown peaks by
the coinjection of standards. In this
manner, it was established that peak 5’
is not trans-stilbene, peak 5 is not
acenaphthylene or biphenylene, and
peak 13 is not a methylbiphenyl.

Gas chromatography of the eluates
from the thin-layer bands showed that
all of the compounds appearing in the
chromatograms in Fig. 1 were con-
tained in the first three thin-layer bands.
The eluate from band 1 contained com-
pounds from naphthalene up to phen-
anthrene, the eluate from band 2
contained phenanthrene and its methyl
homologs, and the eluate from band 3
contained fluoranthene and pyrene. Ul-
traviolet spectra of the eluates from
bands 2 and 3 helped to confirm the
presence of phenanthrene, fluoranthene,
and pyrene (Fig. 2, A and B).

Direct probe analysis of the eluate
from band 4 produced a mass spectrum
with a major molecular ion at a mass-
to-charge ratio m/e of 228 and minor
molecular ions at m/e 242, 244, 254,
256, and 258 whose total intensity was
less than half that of m/e 228. These
mass spectral data suggest that this
band may be primarily chrysene or
one of its isomers, and the Ry value
of band 4 is identical with that of a
chrysene standard. However, the ultra-
violet spectrum of the eluate from band
4 does not resemble that of any of the
chrysene isomers (Fig. 2C). Further-
more, gas chromatography of this elu-
ate on the DC-430 column showed
that a group of at least 12 peaks of
almost equal intensity emerge in the
region between the triphenylene and
chrysene peaks. There was insufficient
material to enable us to obtain mass
spectra of these peaks, whose total in-
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tensity amounted to less than 1 per-
cent of that of phenanthrene (Table
1).

The distributions of aromatic com-
pounds in the two Murchison samples

are different. For instance, there are

more compounds of higher molecular
weight relative to those of lower mo-
lecular weight in sample I than in sam-
ple II; the unidentified peak 5’ does
not appear in sample II; and peak 5
does not appear in sample I. The de-
gree of inhomogeneity in the distribu-
tion of organic matter within the
whole meteorite is not known.

The composition of both aromatic
fractions is relatively simple if we con-
sider the number of aromatic and alkyl
aromatic compounds possible. In both
samples there is a noticeable lack of
long- or even short-chain alkyl-substi-
tuted aromatic compounds. By far,
most of the sample is composed of un-

branched, polynuclear compounds con-

taining an even number of carbon
atoms. In these respects the Murchison
aromatic compounds are similar to
those produced by the pyrolysis of
methane (4). This similarity suggests
that the aromatic compounds in this
meteorite may be the product of an
essentially thermal, high-temperature
synthesis.

The simple composition of the aro-

matic fractions contrasts with the ap-
parent complex composition of the
aliphatic hydrocarbon fractions report-
ed earlier (7), but the significance of
this difference in complexity is not
clear. Future work should include an
exploration of the various synthetic
conditions which might duplicate those
that led to the formation of the
Murchison hydrocarbons.
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Glycerinated Muscle Fibers: Relation between Isometric
Tension and Adenosine Triphosphate Hydrolysis

Abstract. The isometric tension of glycerinated muscle fibers and the adeno-
sine triphosphatase activity of homogenates were determined as a function of the
concentration of adenosine triphosphate without the addition of divalent cations.
These two phenomena are not parallel; large tensions can be developed with
negligible hydrolysis of adenosine triphosphate. It is concluded that the large
negative free energy change of the hydrolysis is not required for shortening or

development of tension.

In “living” muscle and in the model
glycerinated muscle fiber system ade-
nosine triphosphate (ATP) is hydro-
lyzed during some stage of the contrac-
tile process (I). The necessary cataly-
sis is provided by the fibrous protein
myosin acting as an enzyme. The spe-
cific role and function of ATP in this
process has not been established defi-
nitely (2), and two widely divergent
views have evolved (3). One argument
is that the large negative free energy
change which accompanies the ATP
hydrolysis is the direct cause of short-
ening or tension development. Hence,
it is claimed that the two processes

are directly coupled with one another
(4). Alternatively, it has been proposed
that the intact ATP induces contractil-
ity, with hydrolysis taking place sub-
sequently (5).

When the contractile process is me-
diated by Mg2+ or Ca2+, there is a
striking lack of parallelism between
shortening and enzymatic activity (6).
Bowen (6) has reported that although
Mg2+ accelerates the ATP-induced
shortening of myosin threads and
glycerinated muscle fibers the dephos-
phorylation is retarded. The intro-
duction of Ca2+ results in the oppo-
site effect; shortening is retarded, but
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the hydrolysis is accelerated (6). The
expected complementary results are
obtained when the isometric tension
is studied in these media (7). Recogniz-
ing that the results obtained with the
divalent cations might reflect specific
chemical effects rather than the con-
tractile process (3), we have measured
the isometric tension and adenosine
triphosphatase activity as a function
of ATP concentration in the absence of
Mg2+ and Ca2+. We used conventional
experimental techniques (7, 8) to mea-
sure isometric tension in glycerinated
rabbit psoas fibers and the enzymatic
activity of their homogenates.

The experimental results are sum-
marized in Fig. 1. The isometric ten-
sion becomes perceptible when the
concentration of ATP is about 10—%
mole/liter. With a further increase in
the concentration of ATP a very rapid
increase in the tension is observed,
and a value of about 1 kg/cm? is at-
tained at 10—2M ATP. A comparison
with previous experiments on short-
ening (9, 70), under conditions of zero
force and a similar supernatant com-
position, indicates the required paral-
lelism between these two types of ex-
periments.

On the other hand, the rate of ATP
hydrolysis follows a quite different
pattern. The rate of splitting and the
isometric tension are parallel at ATP
concentrations up to 10—3 mole/liter,
where the adenosine triphosphatase
activity attains its optimum value. As
the ATP concentration is further in-
creased, however, the enzymatic ac-
tivity precipitously drops to very low
levels. Concomitantly, over this same
concentration range, the tension in-
creases to very large values. These two
observations are thus distinctly diver-
gent. Thus, it is demonstrated that
large tensions can be induced by ATP
in the muscle fiber system without the
attendant large decrease in free energy
which accompanies the hydrolysis.

It may be that there is a unique
kind of coupling between hydrolysis
and force generations which does not
manifest itself in an enhanced rate of
splitting at high concentrations of
ATP. However, the results obtained
with the system of muscle fiber and
ATP finds an almost exact analogy in
the behavior of the more simply con-
stituted fibrous proteins (/1, 12). For
example, when the fibrous protein
collagen is immersed in an aqueous
medium large tensions can be devel-
oped, and controlled, by the addition
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Fig. 1. Plot of isometric tension and hy-
drolysis of ATP as a function of ATP
concentration. At 25°C with 0.1M KCl
added.

of certain species such as KSCN or
LiBr (11, 12). It is well established
that, for these situations, the tension
is that required to maintain equilib-
rium between the ordered or crystal-
line state and the disordered one (11,
13). The shift in the equilibrium, with
the added species, results from a great-
er preferential interaction or “binding”
to the constituent macromolecules in
the disordered state. Hence, from both
a theoretical and experimental point
of view there is no a priori necessity

to involve chemical reactions in the -

development of tension of fibrous mac-
romolecular systems. The results ob-
tained here, for muscle fiber and ATP,
appear to fall into the same general
category.

For the system of muscle fiber and
ATP we therefore conclude that the
preferential interaction of the nucleo-
tide with fibrous myosin in the dis-
ordered state is the basis for the iso-
metric tension that is developed or for
shortening. Since this event must in-
volve a change in the native structure
of myosin, we postulate that it is the
new structure that is the enzyme. This
would then account for the high level
of adenosine triphosphatase activity
that is observed approximately mid-
way through the process, when it can
be presumed that the optimum enzy-
matic structure exists, However, with
a further increase in ATP concentra-
tion, the ordered structure will be com-
pletely destroyed and the myosin will
develop a statistical or random con-
formation. Under these conditions,

although the particular local structure
required for the enzymatic action
would be lost, the tension will still in-
crease. The mechanism outlined here
is consistent with the data presented
in Fig. 1, with the most general physi-
cochémical considerations of the prob-
lem (12-14), and with the demon-
stration that the ordered structure,
similar to that of a-keratin, character-
istic of myosin in native muscle, dis-
appears with large amounts of ATP-
induced shortening (9).

In physiological situations, or in ex-
periments which are limited to study-
ing relatively small amounts of short-
ening, the enzymatic activity will be
optimum. Upon hydrolysis the pref-
erentially interacting species will be
automatically removed from the sys-
tem. Therefore the native myosin
structure will be restored. Since short-
ening, hydrolysis, and the regaining
of myosin structure will occur in rapid
succession, the apparent anomaly that
the usual morphological methods of
analysis under these conditions do not
indicate any gross structural changes
in the myosin fibers or in thick fila-
ments can be understood.
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