Volume 34, number 1

FEBS LETTERS3

Anpust 1973

INTERACTION OF MYOSIN WITH MONOMERIC MATRIX-BOUND ACTIN

P.D. CHANTLER and W.B. GRATZER
Medical Researeh Council Biophysics Unit, King’s Coflege, Drury Lane, London, WC2B 5R1, England

Received 9 May 1973
Revised version received 25 May 1973

1. Introduction

Litile is nnown about the interaction petween
ronomeric actin (G-actin) with myosing G-aciin was
said [17] not to aclivale myosin ATPase, but more
recently [2] a small activation has been reported. When
the jonic strength of an actin—myosin mixiure is in-
creased, the ATPase activity rises sharply as the actin
polymerises. Possible reasons are {(§) that the salt jtself
induces a conformation change ik the actin, which in-
creases boih its ability to bind 1 myosin, and 1o
associate to the F-form; {ii) that pelymerisation leads
to a new conformational state, i.e, traps the actinina
confomzation, which interacts more efficiently with
myosin, or {iil) that effective myosin-binGing sites in-
volve more than one actin monomer. A conformational
difference between actin in the /G- and F-states is sug-
gested by a number of spectroscopic ¢hanges tho*
accompany the polymerisation [3—6]. To prepare the
putative monomeric actin in the F-conformation, we
have coupled G-actin to a Sepharose matrix, so that
when the jonic strength is increased any consequent
conformational change carnot provoks polymerisation.
We describe here now monomeric actin can be so
conpied 1o 2 column without the loss of its functional
characteristics, in particular its ability to bind its
rucleotide ligend, and we show that the monomers are
capable of binding myosin or subfragmeni-14{S-1)ina
specific manner, that the complex is dissociated by
ATP, and that activation of myosin ATPase is small
or absent.
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2. Materials and methods

Rabbit skeletal muscle G-actin [7] was screensd
for purity by polyacrylamide gel electrophoresis in
SDS [8]. Preparation of rabbii skeletal myosin and of
8-1 followed the procedure of Lowey et al. {9].

The G-actin was coupled to Sepharose 4B after
cyanogen bromide activation [10] at a low reagent
conceniration, so as to give a low coupling density
111]. For each colummn 25 ml of Sepharose suspension
was used, which gives a bed volume of some 20 ml. To
activate Sepharose for one column, 3.3 ml eyanogen
bromide at 19 mgfm] is added to 25 ml of the suspen-
sion at room temperature, and the mixiure is adjusted

_ 1o pH 11 with 2 &V NaOH, stirring for & min at O°C.

The gel is then washed with ice-water, followsd by
430 ml of a buffer, containing 1.0 mM barbital,

0.25 mM ATP, 0.5 mM dithiothreitol and 0.2 M
CaCl,, pH 8.6. 25 mi1 of G-actin at 1 mg/ml in this
buffer is added and stirred for 16 hr in the cold. The
gel is washed with 100 ml of the same buffer coniain-
ing also 0.1 M n-hexylamine to sliminate any surviving
active groups.

To estimate the protein bound to the mairix after
washing, the most setisfactory method was found to
be digestion with pronase, followed by colorimetric
ninhydrin analysis, calibrated with G-actin. Abiquots of
gel suspension {1 ml) with and without coupled actin,
were treated with 1 1l pronass (Sigma Chemical Co.)
at 10 ugfml in 0.1 M borate. pH 5.5, and the mixture
wes incubated 2t 37°C for 2% hr. The ninhydrin celonr
was developed by the standard method [12].

_ 'The nucleotide content of actin solutions was deter-
mined by dialysing into a buffer of 1.0 mM barbital,
0.5 mM ATF, 0.2 mM CaCly, pH 8.6, with no thiol
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reagent. The excess ATP in solution was then rapidly
removed by passage through a short column of Dowex 1
in the chloride form. The concentration of G-actin was
determined spectrophotometrically, using El = 11.0
113}. An eqgual volame of perchloric acid was added
and the concentraiion of noucleotide in the supernaiant
measurzd spectrophotometrically. (e(P) = 10 D00 at
259 nm [14]). The nucleotide content of the bound
actin was measured in a similar way, except thai
Iabelled ATP was used. y->2P-ATP {Radiochemical
Centre, Amersham)} was incorporated into the G-actin
in the last stage of its purification, 0.1 ml at a specific
radioactivity of 3600 mCi/mmol being added per litre
of G-actin after the finai depolymerisation step. This
conceniration of label was maintained through 21l sub-
sequent operations. Incorporation is rapid, in accord-
ance with earlier findings [15]3. After coupling, each
gel column was washed at 4°C with 65 ml of a nicleo-
tide-free buffer, containing 2.5 mM Tiis, 0.2 mM
CaCl,, pH 8.2, to elimirate non-specific bindine of
ATP, and then eluted with 7% perchloric acid; 4.5 ml
fractions were collected and nucleotide and total radio-
activity were estimated from the absorbance at 259 nm
and scintillation counting in a Packard Tr-Carb Counter.
Binding assays were cunrﬁuc‘led with S-1, its con-
centration being based on EY% Lom™=7-7 2t 280 nm [16].

An amount of proiein roughly equivalent to the iotal
of bound actin was applied to the column. The solvent

was 2.5 mM Tris: 0.2 mM CaCly: 0.1 M KTl pH 8.2,
The gel was first freed of excess nucleotide and dithio-
threitol by passing a sufficient volume of buffer to
reduce the nbsorbance of the eluate to zero. The 8-1
solution was then Inmrcduced and 2lated with the above
buffer. The guantity bound could be estimated from
the difference between the amount applied and the
amouni gluted, but direct measurements werc also
made, by pazzing dlmugh the gel, in a jacketed column
thermostated at 42°C, buffer containing 1% SDS to
gissogiate any complex, The protein emerging was
estimated by spectrophotometry. Similar experiments
were done with eolumns containing no S-1 ic ensure
that no actin or other vltraviolet-absorbing materials
were ehuted. Non-specific retention of S-1 was meas-
ured with a blank column coniaining no actin, Similar
experiments were also performed with intact myosin.
To examine ths effect of ATP on the aciomyosin
cormzlex on the matrix, samples of gel and a gontrol
coniaining no actin were stimed with 25 ml of 2.5 mM
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Tris, 5 mM ATP, 5 mM MgCly, 0.1 M KCl, pH 7.0, at
room temp. for 30 min. The gels were poured into
columns and eluted with the Mg?* — ATP-containing
bhuffer. S-1 in each fraction was estimated as before by
pronase digestion and ninhydrin analysis. ATPuse
measurements were made by guenching the reaction
with perchloric acid to precipitate the protein, collect-
ing the supernatani, and assaying for crihoprosphaie
{171

3. Resulis and discussion

The coupling procedure led to gels containing about
12 mg actin in a wet wt of 20 g of matrix. This was
chosen to give a workable quantity of actin per column,
while keeping the density of coupled protein molecuies
so low (one molecule of 10543 volume per 10843 of
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Fig. 1. Estimation of ATP retained by matrix- sound snono-
neric actin, Afrer washing out excess nucltentide with nocleo-
tide-fres buffer, unil the absorbance at 259 am had Ffallen to
2e10, the column was gluted with perchloric acid, The eluted
neclectde in ths fractions is estimated by nitraviplet absorb-
ance {e—%—#), and by counting of the 2P 4iabel {(oe—o—o),
The second peak of radioactivity is orthophusphate generated
by hydrolysis of the ATF by the perchloric acid (see t=xi),
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Fig. 2. Binding of myosin subfragment-1 1o mat@iix-immobilised monomeric asiin. The absorbances in the sarly fractions is due o
excess nucle otide washed out of the column on changing to a nucleotide-free buffer. S-3 was introduced at the point indicated by
the first arrow, and the unbound fraction was eluted in the first peak. Sodium dodecyl suiphate solution was then introduced in
the column maintained at 42°C at the point marked by the second aryow, and the bs 14 S-1 was eluted in the second peak.
{o——0o——0) Shows the conceniration {absorbance) of the 8-1 solution applied to the column.

column bed) as to render the possibility of interaction
between actin monomers negligible. Analytical velocity
sedimentattion, using schiieren optics, showed no
detectabls concentration of polymeric speciss in the
G-actin preparations as used. That a1l the actin on the
matrix was covalently bound was shown by the failure
of agueons buffers or the denaturant, SDS, to glute
it from the column. )
Since denaturation of actin leads to loss of the
nucleotide [18], the retention of nueleotide was taken
as an index of the native state. Resulis are shown in
fig. 1. The excess nucleotide in the buffer and other
zbsorbing materials having been driven out of the
coumn, perchloric acid was passed throngh to dena-
ture the protein and elnie the ATP. This procedure
leads to some hydrolysis of ATP to orthephosphate.
The absorbing peak has the spectram of an adening
nucleotide, and coincides with a peak of radioactivity.
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The second radioactive peak is due io y-phosphorus
after hydrolysis. The separation of ATP {and ADP)
-from orthophosphate by the column, and the assign-
ments of the peaks, were verified with a ixinre of
ATP and orthophosphate and a blank column contain-
ing no protein. That the orthophosphate indeed arises
from hydrolysis by perchloric acid was also demon-
strated by a centrol with ATP and 2 blank column.
‘We find that up to 66% of the bound actin contzins
ATP, and is by this enterion native. (Moreover the
mucleotide concentrations in fresh purified G-actin
preparations were always markedly below 100%).
Binding of S-1 to the immobilised actin is shown in

- fig. 2. After passing through nucleotide-free buffer

until the ATP absorbance falls to zero, S-1 was added,
and the elution of the unbound fraction was followed
spectrophotometrically, Binding was measured by dif-
ference and directly by elution with SDS at 42°C. This



Volume 34, mambeyr 1

D20 |— ] _

570

< ] o
Fraction MNumber

Fig. 3. Dissociation of the complex between matrix-bound
monomernc actiz and myosin 3-1 by ATP, The absorbance
refers to proteiz colour after digestion and addition of nin-
hydrin reagent. Egual volumes of myosin were applied to two
columns, one containing bourd actin {3—e—=3), the other
none {o—o——0). The eluate after addition of ATP was collected
and analysed for protein {see texi), The areas under the curves
measure the protein solubilised by ATP.

is parhaps the most upiversal dengturant {183, which
has no ill-effects on the column matrix, and has low
ultraviclet absorption in the aromatic region. (6 M
zuanidine hydrochloride extracts an unknown ulira-
violet-absorbing material from the Sepharose, which
vitiated attempts at protein estimation). In general the
mole ratio of S-1 tetained to toial bound actin was
zbout 0.1. Relative to the active fraction this becomes
0.3 {corresponding to the typical result of fig. 2). The
con &IOIS showed that not more than about 5% of the
bound S-1 could be acconnted for by men-specific
sdsorption. Thus the monomeric actin binds myosin
heads with high affinity. Experiments with intact myo-
" sin led to qualitatively similar results, but the binding
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was substantially lower, largely no doubt beeouse of
stearic obstmction. )

Elntion with a buffer containi 12 magnesinm and
ATP leads 1o recovery of alt the bonnd S-1 in the
elnate. Alternatively identical volumes of 5.1 were
passed through columns of Sephere se with and withous
bound actin. The columns were allvwed 1o drain, and
then suspended in the ATP-containing buffer, after
which the pels were repacked into the columns and
eiuted with more of the same buffer. Fractions were
collected and analysed for protein. The arens under

the curves (fig. 3) gave tHie amounts of 8-1 on the cohwmnns,

columns, and a consistent excess of the right order was
found each time in the eluats from the ac'in-containing
column. The pronase-—ninhydrin analysis 1vas necessary
in all experimensis involving ATP, the abscrbance of
which dominated the spectrum.

Attempis to determine whether ATPasz was activ-
ated in this systemn were inconclusive, to the extent
that any activalion enhzncement was clealy small; it
seems Ykely in any case that the raie would be affected
by diffusion effects in the gal, and modifisd rates of
reassociation of the myosin, whose mobility will be
greatly restricted in the marrix, with the bound actin.
Attempis are being made to modify the coupiing sys-
tem to minimiss these effects.

The activation of myosin ATPase by actin may
depend on a conformational state of the latier, which
occnrs euly in the F-form, or it may require the high
iocal conceniration of actin prevailing in ths actomyo-
sin complex, which would facilitate the repsated dis-
placement of bound ADP from the myosin [19]. In
order to establish the mechanism of the ATPase aciiva-
ticn it is desirable to set up 2 modsl system which will
allow characterisaiion of the intrinsic features of the
actin—myosin inferaction in monomeric species. The
advantage of the approach which we have described is
that it permits the use of phy sological solvent condi-
tions without the necsssity of selective chemical in-

- activation of the aciin—actin binding sites, of which

there must be at least three kinds on each monomer,
but not of the myosin attachment site. What our -
resulis so far have shown is that despite evicence that
G-actin does not interact sirongly with mycsin [20],
the isolated spbuniis, in conditions that would nor-
maly induce conversion to the F-state, Qo interact
strongly with myosin heads: that, therefors, it is not
the polymerisation as sush which leads to zctivation
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of the myosin attachment sites [20], and that interac-
- thor betwesn iSolzied myosin and acitn subanmits Is i

sufficient 1o provoke the large elevation of ATPase

aclivity. which ocenrs in the condensed actomyosin

phase.
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