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1, Introduciion

_ 1t has been clearly shown by electrophoresis on
SDS-polyacrylamide gels {1, 2] that myosin preparsd
in the usual manner, as described initially by 8.V. Perry
[3] and considered until lately as pure, contains smail
amounts of several other proteins of intermediate
molecular weight. Inasmuch as many of these are of
mywofibrillar origin and firmly bound to myosin, they
conld not all be considered as impurities in the classical
meaning {1, 4]. The localization of some of these pro-
teins in the myofliament has been supgested by recent
experiments [3, 6]. However their physiological roles
are not yet known, although it does seem possible that
they have structural significance or influence in some
way actin—myosin or myosin—myosin interactions
durizg muscle contraction [5—10].

The purification of myosin and the isolation of its
accompanying proteins has been attempted by different
workers using chiefly column chrecmatography with
DEAE-cellnlose or DEAE-Sephadex [1, 11—13] and
amraonium sulphaie fractionation {1, 14] . Unfortunate-
ly the resnlts obiained by chromatography do not ak
ways agree, and in our hands the ammonizm salphate
fractionation did not come cut successfully. In any case

_even the best methods do ot seem to pr@ﬂuce entirely
pure myosin, small guantities of components of
160 DGO—lBD 000 daltons being always present {1, 2].

- Our purpozse here was to check or eventually to im-
prove, the chromatographic procedures slready
published and tc look for new methods, Assuch we -
used specific interaction with actin and chromatography
on Bephamse columns. The progress of the purifivations
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was followed by electrophozssis on SDS polyacrylamids
gels.

2. Materials and methods

2.1. Crude myosin preparations

Rabbit skeletal mvosin was prepared according fo
the method for 8.V. Perry [3], the number of repreci-
pitations being however reduced io two, since no further
purification could be observed by gel electrophoresis
beyond this limit. Myosin preparations enriched in
actin were obiained by lengthening the initial extrac-
tion time from 10 to 45 min and by omitting the inter-
mediate precipitations at 8.30 3 KCl, al! other condi-
tions being identical io those of the original method.

The stock solutions contained 10 mg-ml~! protein,
0.45 M KCl, 0.02 M potassinm orthophesphate, the
pH being adjusted 1o 6.8. They were stored at 4°C and
used within one week, except when the inflnence of
the apeing of the proteins was to be studied.

2.2. Chromatographic procedures

Two supporis were used: DEAE-Sephadex A-50
and Sepharose 2B, both manufactured by Pharmacia,
Sweden. The colummns were 45 cm long and 2.5 em in
diameter. Sample of 5—15 ml containing 50—150 mg

- protein were consistently applied. The slutions were

conducted upward at a constant rate of 20 ml-hr—1.

“The temperature was always maintained at 2470,

‘When DEAE-Sephadex A-50 was used the technigue
described by E.V. Richard et al. [13] ‘was followed.

~ The initial solvents were D.15 M borassium orthophos-

phate or .54 M sodivm pyrophosphate with 0.01 M

- EDTA present everywhere and the pH being always
 adjusted to 7.5. The elutions were realized by KCl
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gradienis {all other constituents being maintained
constant), the slopes of which were varied in the
course of the experimeniation; the best resolution
being obtained with the centours indicated on the
fizures.

The purpose of the Sepharose 2B chromatographics
was double: 1) Simply to iry to ssparate myosin from
its accompanying proteins. i) To separate myosin
from actomyosin in an enriched preparation 1o check
whether the other proteins followed the myosin ¢r
the actomyosin fractions or both. In all cases the
solvent contained 0.45 M KC1, 0.01 potassinm ortho-
phosphate and 0.005 M MgCl,, the pH being always
adjusted to 6.8. In the first case only 0.005 M sodium
pyrophosphate was added to dissociate the actomyosin
complex.

2.3. Polyacrylamide gel electrophoresis

All solutions to be analysed were boiled for 5 min
in the presence of 1% SIDS and 1% mercaptoethanol
to assure proper dissociation and to prevent degrada-
tion by proteolytic enzymes [155. The experimental
procedure was that described by U. Lammii [16].°
When myosin was tested for purity a minimuom loading
of 10 ug protsin was used. The molecular weights were
estimated following the method of K. Weber and M.
Osborn [17] with the following as markers, molecular
weight in daltons in parentheses: cytochrome ¢
(13 400) carboxypeptidase {34 000), actin (46 QOU),
pyruvate-kizase {37 000), bovine serum albumin
(68 000), RNA-polymerase from E, coli {1635 000,
155 D00 and 41 000) and the o-factor of RNA-poly-
merase {86 D00).

3. Results

3.1, Crude myosin preparations

Our preparations of myosin purified according to
the techmisues of Perry [3] coniain essentially the
same constituents as those of Starr and Offer [1], the
apparent molecular weights being nevertheless some-
“what different. Within the Jimits of resolution of the
electrophoresis techniques used, the preparations en-.
riched in actin do not contain any supplementary
proteins, if one excepts the actin itseif (fig. 1).
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3.2. Chromatograpity on DEAE-Sephadex A4-50

We found that when orthophosphate or pyrophos-
phate were present the separations are.not the same,
which is at variance with previous siatements [1, 13].
In the presence of pyrophosphate {fig. 2a) we did ob-
tain the same resuits as Starr and Offer [1]; a clear
separation of two compoenents of respectively 90 000
and 150 000 daltons from the remainder. In the pre-
sence of orthophosphate none of these proteins were
separated entirely from the remainder and the 150 000
daltons component was remarkably concentrated in
the trailing end of the myosin psak {fig. 2b). The
origin of this difference was not clear; our resulis being
very reproducible. In aged preparations {more than
two weeks old) myosin appeared in the first elution
peak, which is in harmony wiith the statements of
Richazd =t al. [13], who introduced the techniguss to
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Fig. 1. Electrophoresis on SDS-polyacrylamide gels of crnde
myosin preparations purified according to the technigue of
S.V. Perry [3] {aand b) and myosin preparations enriched in
actin {e). H, 1~1, 1-2, 1-3 stand, respectively, for the heavy

~and light polypeptide chains which compose the intast myosin

molecule dissociated by the SDS and A for actin [18], the
other chains corresponding 1o different proteins, Chain weights
obtained by the procedure of Weber and Osbom 1173 Gel
coneentrations wers respectively 7% (a) and 12.3% (b and <).
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Fig. 2. Elntion paofiles of myosin porified according 1o the technigre of 8.V. Perry {31 chromatographed on DBEAE-Sephadex. The
hatched zonps conespond to the fractions analysed by electrophoresis on 7% SDS-polyacrylamide gels and the -lotied fines to the
elution KOl pradiznts, ¥ stands for the heavy myosin chain: a) i2itis] solvent: 9.04 M sodinm pyrophosphate, L.01 M EDTA,

PH 7.5. b) initial solveni: 0.15 M potassium vrthophosphate, 8.01 3 EDTA, pH 7.5,

separate intact and aliered myosin. In no case the com-
ponents of 165 000 and 180 000 daltons were separted
from the myosin, An exira result, with respect 1o
those obtained by Starr and Offer, was that the use of
a very faint KCl gradient makes possible the separa-
tion of the components of 90 000 and 150 000 dalions
from each other withont the help of ammonium sel-
phate fractionation,

3.3. Chromatography on Sepharose 28

When the actomyosin complex is dissociated byy
pyrophosphate only the actin is distincily separated
from the remainder. However, the myosin of the lead-
ing fron1 of the major elution peak is relatively cleared
of the 150 000 daltons component, this latter being
concenirated in its trailing end {fig. 34): _

The situation is quite different when pyrophosphate
is absent, and as a conseguence, the astomyosin com
plex is not dissociated. In this case the actomyosin

fraction, clearly separated from the remainder, is
practically pure, while the fractions corresponding to
free myosin contain almost all the constituents of crude
myosin preparations (fig. 3G). Myosin exempt from
actin can then easily be obtained by dissociating the
sctomyosin complex with pyrophosphate or ATP

and by submitting the whole to a second nassage on
Sepharose 2B {fig. 4).

Under these circumstances it appeared to us that
puare myosin should be as gasily obtained by simple
precipitation of aciomyosin at concentrations of sali
when free myosin remains in solution. In our hanas
this experiment was not successful, inasmuch as con-
siderable amounts of free myosin, with all its accom-
panying proteins, coprecipitate with the actomyosin.
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Fip. 3. Elution profiles of myosin preparations enriched in actin chromatographed on Sspharose 2B. The hatched zones ¢corres-
spond to the fractions analysed by electrophoresis on 7% SD3-polyacryiamids gels. H stands for the heavy miyosin chain and A for
actin. a) Solvent: 0,45 M KCl, 0.01 M potassiom orthophosphate, 0,005 M sodinm pyrophosphate, 0.005 M MgCia, pH 6.2.
b) Solvent: 0.45 M KCl, 0.01 potassium orthophosphate, 0.805 M MgCls, pH 6.8.

4, Discussion

To conclude this seems 1o be, as far as we are aware,
the first time that myosin freed from its accompanying
proteins of intermediate molecular weight (at least as
can be judged from elecirophoresis on SDS polyacryl-
amide gels) has been prepared. The fact that this can
be realized by specific interaction within actin seems
to indicate that the binding of myosin to actin in the
actomyosin complex implies some loosening of the -
Iinks between myosin and iis accompanying proteins
and in particular with the components of 165 000 and

some-si gmﬁcance in relation to the events occurring

‘on muscle contraction. Nevertheless it should be kept.
in mind that as long as we are not able to confer defi-
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equally well represent degradation producis of myosin
itself having physical and chemical characteristics close
1o those of myosin, but devoid of the specific pro-
perity to interact with actin. Further work shonld thus
explicitly tend 1o ascertain these evemual physmlogmaﬁi
funcnons
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Fig. 4. Electrophoresis on 7% SDS-polyacrylamide gels of
actomyosin purified on Sepharose 2B {a), and of myosin ob-
tained by a second passage on Sepharose 2B afier the dissocia-
tion of the acttimyoesin complex by sodinm pyrophosphate in

the presence of MgCl, {b). B stands for the heavy miyosin
‘chain and A for aviin.
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