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Potentiation of actomyosin ATPase activity by filamin
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It was found that thin filaments from chicken gizzard muscle activate skeletal muscle myosin Mg?*-ATPase
to a greater extent than does the complex of chicken gizzard actin and tropomyosin. The protein factor
responsible for this additional activation has been now identified as the high M, actin binding protein, fila-

Actomyosin AT Pase activator

1. INTRODUCTION

The protein composition of thin filaments from
chicken gizzard smooth muscle, as revealed by
SDS-polyacrylamide gel electrophoresis, is re-
latively simple [1,2]. The major components are
actin and tropomyosin, the minor ones are usually
a-actinin, myosin light chain kinase, caldesmon
and a high-M, protein (possibly filamin or fodrin).
Although all these proteins have been found to in-
teract with F-actin [3—7] only some of them seem
to be integral constituents of thin filaments. Others
are contaminants and their appearance in thin
filaments depends on the method of thin filament
preparation.

The minor proteins, independent of their origin,
could influence the interaction of thin filaments
with myosin. Here we show that a high-M; protein
present in thin filament preparations from chicken
gizzard muscle significantly increases the ATPase
activity of the complex of thin filaments with
myosin. Evidence is presented for the identity of
this protein with filamin.

* To whom correspondence should be addressed

Abbreviations: DTT, dithiothreitol; SBTI, soybean
trypsin inhibitor
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Filamin

( Chicken gizzard muscle )

2. MATERIALS AND METHODS

Thin filaments were obtained from the
myofibril-like fraction [8] of fresh chicken gizzard
muscle as in [1]. Chicken gizzard actin was ob-
tained according to [9], and chicken gizzard
tropomyosin and rabbit skeletal muscle actin as in
[10]. Chicken gizzard filamin was obtained as in
[11]. Rabbit skeletal muscle myosin was prepared
according to [12].

Mg**-ATPase activity of chicken gizzard thin
filament—rabbit skeletal muscle myosin complex
and that of rabbit skeletal muscle actomyosin was
assayed in a medium containing 50 mM KCl,
5 mM MgCl;, 2mM ATP, 2 mM EGTA, and
10 mM Tris-acetate, pH 7.0. The concentrations
of proteins are given in the figure legends. The
ATPase reaction was started by addition of ATP
and stopped after 5 min incubation at 30°C by ad-
dition of SDS (final concentration 1%). The
amount of inorganic phosphate liberated was
measured as in [13].

Tryptic digestion of the activator protein was
carried out in a solution ¢ontaining 60 mM NaCl,
0.1 mM DTT and 20 mM Tris-HCI, pH 7.5, at
20°C. The enzyme to substrate ratio was 1:1000
(w/w). The digestion was stopped by addition of
SBTI (twice the weight of trypsin).

SDS-gel electrophoresis was performed on 8%
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acrylamide, according to [14]. Protein concentra-
tion was determined as in [15].

3. RESULTS AND DISCUSSION

As shown in fig.1, the ATPase activity of the
complexes of chicken gizzard thin filaments and
rabbit skeletal muscle myosin significantly exceeds
that of the complexes of gizzard actin-skeletal
muscle myosin or gizzard actin-gizzard tropo-
myosin-skeletal muscle myosin at weight ratios of
actin to myosin greater than 1:1. The protein fac-
tor responsible for this additional activation is
quantitatively released from the thin filaments at
high ionic strength, i.e., 0.5 M KCI (in the original
procedure of thin filament preparation [1] the KCl
concentration was 0.125 M). To identify this fac-
tor, we have purified it from the supernatant, ob-
tained by ultracentrifugation of the thin filaments
in a buffer solution containing 0.5 M KCL, 2 mM
EDTA, 0.1 mM DTT and 20 mM imidazole-Tris,
pH 7.0, sequentially by fractionation with am-
monium sulfate, chromatography on anionic ex-
changer, and gel filtration.

During ammonium sulfate fractionation of the
supernatant the active fraction precipitated at
0—40% ammonium sulfate saturation. Potentia-
tion of the Mg?>*-ATPase of skeletal muscle ac-
tomyosin by this fraction was Ca®*-independent.
The fraction salted out at 0-40% ammonium
sulfate saturation did not affect the K*-EDTA and
Ca?*-stimulated ATPase activities of myosin. This
active fraction which contained denatured actin
and a few proteins with M, values higher than that
of actin (see inset to fig.1) was applied on a DEAE-
cellulose column and eluted with a linear
0.06-0.3 M NaCl gradient. The activator of the
actomyosin ATPase was present in the fraction
eluted at about 0.1 M NacCl (fig.2A). This fraction
contained mainly the protein of M; 250000 and a
few proteins with lower M, values. The latter pro-
teins were separated from the 250-kDa protein on
a Sepharose 4B column equilibrated and eluted
with a buffer containing 0.1 M NaCl, 1 mM
EDTA, 0.1 mM DTT and 20 mM Tris-HCl, pH
7.5. Fractions which activated the actomyosin
ATPase corresponded to the peak containing elec-
trophoretically pure 250-kDa protein (fig.2B).

Digestion of the purified activator protein by
trypsin at an enzyme to substrate weight ratio of
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Fig.1. The effect of gizzard thin filaments (®), gizzard
actin (A), gizzard actin—gizzard tropomyosin complex
(w), and the protein fraction released from thin
filaments (¢) on Mg?*-ATPase activity of rabbit skeletal
muscle myosin. Chicken gizzard thin filaments, obtained
according to [1), were ultracentrifuged for 1.5h at
150000 x g in a buffer solution containing 0.5 M KCl,
2 mM EGTA, 0.1 mM DTT and 20 mM imidazole-Tris,
pH 7.0. Supernatant was salted out at 0-40%
ammonium sulfate saturation. Precipitate dissolved and
dialyzed exhaustively against 60 mM KCI, 2 mM EGTA
and 20 mM imidazole-Tris, pH 7.0, was used in ATPase
assays. ATPase activity was assayed at a myosin
concentration of 120 xg/ml; tropomyosin:actin ratio,
1:7 (molar), 0—40% ammonium sulfate saturation
fraction (see above): actin, 1:1 (w/w). Values shown are
means = SE of determinations performed in triplicate.
Inset shows densitometer scans of SDS-gel
electrophroesis of chicken gizzard thin filaments (a) and
0-40% ammonium sulfate saturation fraction (b). A,
actin; TM, tropomyosin.

1:1000, in parallel with the degradation of the pro-
tein, decreased its ability to activate the ac-
tomyosin ATPase (fig.3).



Volume 178, number 2

Mwx10-3
A . 250
o BE
- ™M130 5 q
=1,
04 8L £
1 - w2 P = Z
-/\ PR Loa |300 ©
s @
ke g T
0.2 A | b200 £
WA\ <
i \‘, 0 g
. 2 Lol k100 2
— o7y \\ h g
)\ P S N, W &
100 200 300 vol.(mt)
B
A280 S
04
1 abe 300

\
0.2 1 ] '\ s
A“
. 1 1

Relative ATPase activity (%)
(===}

Fig.2. Purification of the activator of actomyosin
ATPase. (A) DEAE-cellulose chromatography of the
fraction of supernatant (see text) salted out at 0—40%
ammonium sulfate saturation. Approx 30 mg protein
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DE-52 equilibrated with 60 mM NacCl, 0.1 mM DTT,
and 20 mM Tris-HCI1, pH 7.5. A linear gradient of
0.06—0.3 M NaCl was applied as indicated. Flow rate
20 ml/h. Inset shows SDS-gel electrophoretic pattern of

tha anti £ tinn
the active fraction. (B) Sepharose 4B chromatography of

the fraction of the activator eluted from DEAE-cellulose
column. Approx. 15 mg protein was applied to a 0.7 X
70 cm column of Sepharose 4B equilibrated and eluted
with 100 mM NaCl, 0.1 mM DTT, 1 mM EDTA, and
20 mM Tris-HCI, pH 7.5. Flow rate 15 ml/h. Inset
shows SDS-gel electrophoretic pattern of (a) active
fraction, (b) filamin, (c) active fraction plus filamin. The
effect of each fraction on actomyosin ATPase was
measured as described in section 2 at 60 xg/ml rabbit
skeletal muscle myosin, 40 #g/ml rabbit skeletal muscle
F-actin and 50 xl sample of each fraction.

The M, value of the activator suggested that it
might be either filamin or a spectrin-like protein,
fodrin. It has found out that both these actin-
binding proteins are present in smooth muscie
[16—18]. Fodrin seemed to be a more likely can-
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Fig.3. The effect of trypsin-treated activator on
actomyosin ATPase activity. Tryptic digestion and
ATPase assays were carried out as described in section
2. ATPase activity was assayed at concentration of
rabbit skeletal muscle myosin, rabbit skeletal muscle F-
actin, and chicken gizzard activator of 60, 40 and
10 xg/ml,  respectively. Inset shows  SDS-gel
electrophoretic pattern of initial and digested samples of

the activator. 8 zg protein was annhpd on the opl
the activator #g protein was applied on th

didate, since it has been reported that partially
purified fodrin obtained from porcine brain in-
creases several times the ATPase activity of the
skeletal muscle actomyosin [19,20}].

Filamin and fodrin have very similar
hydrodynamic properties (size and shape) and both
are oligomers composed of two subunits [6].
However, whereas filamin is a homodimer (com-
posed of subunits of AM; 250000) fodrin is a
heterotetramer (with subunits of M; 240000 and
235000) [6,21]. Moreover, one of the fodrin
subunits, but not that of filamin, binds to
calmodulin in a Ca®*-dependent way [22]. The lack
of binding of the activator in the presence of Ca’*
to calmodulin coupled to Sepharose 4B as well as
the failure to resolve it into two different subunits
during prolonged SDS-gel electrophoresis on 5%

anrvlamida tha ahcanca and nregsence of nrea
all yiaiiud lll inc aosenct ana presence o1 uica

suggested that the activator is distinct from fodrin.
On the other hand, co-electrophoresis of the ac-
tivator with filamin prepared from chicken gizzard
muscle with a routine procedure [11] suggested the
identity of these two proteins (fig.2B). This was
confirmed by showing that the latter protein can
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potentiate ATPase activity of skeletal muscle ac-
tomyosin to exactly the same extent as does the ac-
tivator (fig.4).

It was previously shown that filamin inhibits
ATPase activity of acto-heavy meromyosin [23].
This effect was observed at a molar ratio of filamin
to actin of 1:25 and above (maximum inhibition
occurred at a molar ratio of 1:3) and was probably
due to blocking by filamin the sites on F-actin
which interact with myosin. The activation by
filamin of the ATPase of actomyosin observed
here takes place only at very low molar ratios of
this protein to F-actin; the maximum activation of
the ATPase occurs at a ratio of about 1:100
(fig.4).

Activation of actomyosin ATPase by filamin
seems to be attributed to the cross-linking of F-
actin filaments and gelation of F-actin solutions by
this protein [16,17]. This idea is supported by the
observation that other proteins which cause gela-
tion of F-actin solution, like a-actinin or fodrin,
also activate the actomyosin ATPase [3,19].
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Fig.4. The effect of the activator and filamin on

actomyosin ATPase activity. ATPase activity was

assayed as described in section 2 at 60 xg/ml rabbit

skeletal muscle myosin, 40 zg/ml rabbit skeletal muscle

F-actin and chicken gizzard activator of filamin in
amounts indicated on the abscissa.
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