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m originally reported by Perry & Grey
Ithat the Mg2+-activated ATPase* of
I and actomyosin extracted directly as
iplex from muscle, so-called 'natural'
min, is strongly inhibited by low concentra-
EGTA and EDTA, whereas the enzymic
Dfthe complex formed from independently
actin and myosin is not. In view of the
belating properties of EGTA and the fact
Doncentrations required to produce marked
a were only a few per cent of that of the
Ihe system, the observation suggested that
amount of Ca2+ is required for the Mg2+
ti of the ATPase of natural actomyosin.
lire of the actomyosin ATPase is of physio-
gnificance, for the present view is that the
pump of the relaxing-factor system exerts
Mtory action on the myofibrillar ATPase by
gthe low concentration of Ca2+ required for
rolysis of ATP by the myofibrils in the
,of Mg2+.
i (1963) has demonstrated that the super-
btion behaviour of 'natural' and 'synthetic'
sin preparations in the presence ofchelators
the effects obtained with the enzymic

and has produced evidence suggesting that
, the E.S.F., which confers sensitivity to
fon the ATPase and superprecipitation
s, is present in addition to actin and myosin

ral' actomyosin preparations.
i (1963) found E.S.F. activity in tropo-
prepared by a method that did not involve
it with an organic solvent at any stage, and
he has named 'natural' tropomyosin,
preparations made by the original Bailey
kethod were inactive. All the preparations
ported with E.S.F. activity have contained
' tropomyosin, which suggests that this
may have a special significance in the
(Ebashi & Ebashi, 1964; Katz, 1965; cf.
kKodama, 1965).
ixtra protein (Szent-Gyorgyi, Mazia &

iviations: ATPase, adenosine triphosphatase;
hylenedioxybis(ethyleneamino)tetra-acetic acid
GTA-sensitizing factor.

Szent-Gyorgyi, 1955; Perry & Zydowo, 1959) and
the soluble protein fraction extracted at low ionic
strength (Perry, 1953; Perry & Corsi, 1958) from
well-washed myofibrils both contain appreciable
amounts of tropomyosin, which, as organic solvents
are not used in the preparation, would be expected
to be in the 'natural' form. Assay of both of these
myofibrillar protein fractions showed the presence
of E.S.F. activity that was destroyed by treatment
with trypsin, as has been reported for other E.S.F.
preparations (Ebashi & Ebashi, 1964; Katz, 1965).
The work of assaying E.S.F. activity (see Fig. 1)

has been facilitated by the development of a simple
method for the preparation of actomyosin, the
Mg2+-activated ATPase of which is not sensiti-e
to EGTA and which is therefore presumably free of
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Fig. 1. Effect of EGTA on the Mg2+-activated ATPasc
activity of desensitized actomyosin in the presence of the
fraction of extra protein eluted from DEAE-cellulose by
0-IM-KCI in 25mM-tris-HCl buffer, pH7-6, namely frac-
tion I. The ATPase assay medium (2 ml.) contained MgCL2
(2-5mm), tris-ATP (2-5mm), tris-HCl buffer, pH7-6
(25mM), actomyosin (1.24mg.) and fraction I as indicated;
incubation was for 5min. at 250. 0, No further addition;
*, EGTA (ImM) added.
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E.S.F. 'Natural' actomyosin prepared from myo-
fibrils as described by Perry & Corsi (1958) was
washed three times at 0° with water by centrifuga-
tion for 30min. at 1200g, dispersed in 3vol. of
5mM tris-HCl buffer, pH 86, and allowed to stand
for 48 hr. at 00. It was then centrifuged for 15min.
at 33 OOOg, and the precipitate was resuspended in
3 vol. of water, washed twice with water by centri-
fugation under the same conditions and stored as a
suispension in water at pH 70. These preparations
usually possessed higher Mg2+-activated ATPase
activity than comparable preparations made from
separately purified actin and myosin and have
obvious advantages over the actomyosin prepara-
tions desensitized to EGTA by trypsin treatment as
described by Ebashi (1963).
Both extra protein and the soluble protein

fractions can be fractionated on DEAE-cellulose,
hut there are difficulties with the latter protein
firaction owing to the unstable nature of the inactive
form of actin present in this preparation. Attention
has therefore been directed particularly to the extra
protein because of its lower tropomyosin content
and satisfactory resolution by DEAE-cellulose into
three fractions by elution with O-1M-KCI, 0-22M-
KCI and 0-4M-KC1. all in 25mM-tris-HCl buffer,
pH 7 6, namely fractions I, II and III respectively
(Perry & Zydowo, 1959). When assayed at constant
protein concentration, measured by the biuret
methodl of Lane (1957), comparable E.S.F. activity
w-as uisLually found in all three fractions although
occasionally activity was higher in fraction III.
The presence of appreciable amounts of tropo-

miyosin only in fraction III was confirmed by
measutring the marked fall in viscosity obtained on
incireasing the ionic strength, a property that is
characteristic of tropoinyosin (Bailey, 1948). Addi-
tion of 0 5M-KCI produced very slight falls in relative
viscosity (0 01-0416 with protein concentrations in
the range 1-4mg./ml.) when added to fraction I in
25inm-tris-HCl, pH 76. Under similar conditions
large falls in relative viscosity (3.0-18-0 with protein
concentrations in the range 1-4mg./ml.) were ob-
tained with fraction III. These results confirm the
earlier findings that fraction III consists largely of
tropomyosin, which is eluted as a sharp peak at
0-29M-KCI in 25mM-tris-HCl buffer, pH7-6 (Perry
& Zydowo, 1959). In contrast, for reasons that are
not yet apparent, the E.S.F. is not sharply fraction-
ated on DEAE-cellulose, considerable amounts
being eluted at much lower ionic strength than is
required for tropomyosin.

In some circumstances E.S.F. preparations
obtained that inhibited the Mg2+-activated A
of actomyosin in the absence of EGTA.
inhibitory action, which was enhanced at
protein concentrations, is apparent in the fr
assayed in Fig. 1. This inhibitory effect
absence ofEGTA is described by Hartshorne,
& Davies (1966).

Morphological fractionation of rabbit
muscle homogenized in 25mM-KCl in 39mni-
buffer, pH7-1 (Perry, 1953), into a washed
fibrillar fraction sedimented by centrifugati
15min. at 600g, a heterogeneous fraction co
of mitochondria and sareoplasmic reticulum
mented after 60min. at 100 OOOg, and the
sareoplasm, indicated that significant
activity could only be detected in the myofi
fraction (cf. Mueller, 1965). Assays were earr
as indicated in Fig. 1 on whole sarcoplasm
soluble protein fractions obtained by extract
granular fraction and the myofibrils for 3 days
5mM-tris-HCl buffer, pH8-6. These extracts
uised in the case of the granules and the myo
as the whole fractions have considerable A
activity, which would make assay of the
difficult, if not impossible. Extraction with
tris-HCl buffer, pH 8 6, has been shown to solu
the E.S.F., and the protein extracted in this wa
no ATPase activity.

These investigations suggest that the E.S
localized in the myofibrils of skeletal muscle,
it is present as a minor protein component
identical with tropomyosin.
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