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Dissociation of actomyosin complex by monovalent
fragments of polyclonal antibodies to myosin
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The monovalent fragments of antibodies specific for skeletal muscle myosin inhibit myosin ATPase activity

and dissociate the actomyosin complex, as shown by analytical ultracentrifugation and viscosity measure-
ments.

Anti-myosin Monovalent fragment

1. INTRODUCTION

Polyclonal antibodies to native skeletal muscle
myosin [7,12] and actomyosin [6] were shown to be
predominantly directed to the biologically active
part of the molecule, inhibiting enzymatic activity
as well as contraction in isolated myofibrils [11].
The inhibitory action of myosin antibodies on
myosin itself or its proteolytic fragments HMM
and S, could be interpreted as direct interference at
the head region, since antibodies to the inactive
rod part [12], or antibodies to SDS-denatured
myosin heavy chain (although reactive with native
myosin) were non-inhibitory. The action of myosin
antibodies on myofibrils or the actomyosin com-
plex was more difficult to explain. We therefore
performed the following in vitro studies with both
bivalent and monovalent anti-myosin antibodies to
check whether they simply attach to the ac-
tomyosin complex or whether they dissociate it.

2. MATERIALS AND METHODS

Native actomyosin was extracted from chicken
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muscle homogenates and purified by several
precipitation-solution steps [6]. Myosin was
prepared as in [7]. Precipitating antibodies to
myosin that were ATPase-inhibiting were raised in
pathogen-free rabbits by i.v. injection of 48 mg
over a period of 5 to 14 weeks. IgG fractions were
prepared from the hyperimmune sera and preim-
mune controls according to Harboe and Ingild [8]
and were rendered protease-free by a passage
through DEAE-Affigel-blue (Bio-Rad). Fab-
fragments were obtained by papain digestion of
the above IgGs following the procedure of Garvey
et al. [5]. Ca®*-activated myosin ATPase was
assayed at 25°C in a final volume of 400 4] in
20 mM Tris, 10 mM CacCl,, 245 nM NaCl, 2 mM
ATP (pH 7.5). The assay was terminated by the
addition of 10% (w/v) SDS and inorganic
phosphate was determined according to Fiske and
Subbarow [4]. Inhibition of Ca®*-activated
ATPase by bi- and monovalent antibodies was
measured as above after 24 h pre-incubation of ac-
tomyosin (40 xg) with increasing amounts of an-
tibodies (20400 xg) at 4°C in a nitrogen at-
mosphere. Viscosity measurements in the absence
and presence of monovalent myosin-specific or
control IgG were performed in a final volume of

8004 in a Cannon-Manning Semi-Micro
viscosimeter.
Sedimentation behaviour of actomyosin,
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myosin, Fab-fragments and the incubates of the
immunoreaction was studied in a Spinco mode E
ultracentrifuge equipped with Schlieren optics.
Protein concentrations were determined by
nesslerization [2].

3. RESULTS AND DISCUSSION

Although precipitating antibodies to myosin can
be generated by injecting a total of less than one
mg immunogen into a rabbit, ATPase-inhibiting
antibodies were only obtained after prolonged im-
munization and/or with rather high doses of
myosin. This regimen is presumably necessary to
overcome the natural tolerance to the
phylogenetically conserved catalytic site of en-
zymes, as postulated by Cinader [1]. Of the total
IgG present in these antisera, 10—15% were
specific myosin antibodies, as estimated by their
ability to bind to immobilized myosin.
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Fig.1. Inhibition of Ca*-activated actomyosin ATPase
bivalent antibodies (IgG) to myosin (b). No inhibition is
observed in the presence of control IgG (b). Points with
vertical arrows represent means + SE for 5 experiments.
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While control IgG or Fab did not measurably in-
fluence the Ca®*-activated ATPase of natural ac-
tomyosin (figs la and 2a), both the bi- and
monovalent anti-myosins were inhibitory (figs 1b
and 2b). The Fab-fragment was less active than the
intact IgG, which can be explained by the reduced
functional activity of the monovalent fragments
[10]. The experiment showed, on the other hand,
that the enzyme inhibition was not solely due to the
formation of insoluble immunocomplexes. When
incubates of anti-myosin Fab and actomyosin were
diluted to an ionic strength of « = 0.25 they did not
precipitate due to filamentogenesis, as in control
experiments. Since free myosin will not precipitate
under these conditions, we had reasons to assume
that the specific anti-myosin Fab had dissociated
the actomyosin complex. This assumption was in-
deed corroborated by viscosity and sedimentation
behaviour studies.

The presence of control Fab did not alter the
viscosity properties of actomyosin; addition of
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Fig.2. Inhibition of Ca’*-activated actomyosin ATPase

by monovalent anti-myosin Fab (b). Control Fab are

non-inhibiting (a). Points with vertical arrows represent
means + SE for 5 experiments.
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Mg?* and ATP reduced the viscosity (from 7. =
2.86 to 5t = 1.54) by dissociating it into its consti-
tuents actin and myosin. Since ATPase activity
was unimpaired, viscosity returned to its initial
value (or higher) both in the absence or presence of
control Fab (fig.3a).

In contrast, incubates of actomyosin with anti-
myosin Fab had a very low initial viscosity, and the
addition of Mg?>* and ATP did not cause any fur-
ther decrease. Also, the viscosity did not increase
even after prolonged incubation (fig.3b). These
data clearly indicated that the specific anti-myosin
Fab had dissociated the complex, and due to their
binding at or near the catalytic site also prevented
ATP hydrolysis and re-association of actin and
myosin. Further evidence for the dissociation of
the actomyosin complex was obtained by
analytical ultracentrifugation. When a mixture of
4 mg/ml actomyosin and 24 mg/ml control Fab
was allowed to sediment at 41000 rpm, two peaks
were observed:; actomyosin with an sz0 of about 20
and Fab with an 530 of 2.2 (the sedimentation coef-
ficient of Fab decreases from its reported value of
3.5 with increasing concentrations). In incubates
of actomyosin with specific Fab, three components
were noted: a minor one sedimenting with an 559 of
18.2 (non-dissociated actomyosin), a major one
with an sy of 9 (myosin-anti-myosin Fab com-
plexes, as identified by sedimenting myosin-anti-
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myosin Fab complexes alone) and excess Fab with
an sy of 2.2.

The experiments of Dancker and Hoffmann [3]
have suggested a stability constant for the ac-
tomyosin complex of about 2 x 10 M~! and thus
a high affinity of actin to myosin. Qur above data
give evidence that the affinity of the myosin
antibodies — even in their less functional
monovalent state — must be even higher in order to
dissociate the complex.

Antibodies to native folded proteins seem to be
mainly directed to mobile sites in the protein that
can adopt multiple conformations [14]. Both
myosin head (S:) and neck (hinge/S;) regions
would fulfil this criterion [9]. Indeed, the majority
of myosin antibodies react with the S; and S,
fragments [13]. Antibodies to either site might be
responsible for the dissociation of the actomyosin
complex. ATPase inhibition seems to be mediated
by anti-S; only, since anti-S, was shown to be non-
inhibitory (unpublished).
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Fig.3. Initial viscosity of actomyosin incubated with a 6-fold excess (w/w) of contral Fab fragments (A) or anti-myosin
Fab fragments (B); and changes induced by the addition of ATP (arrow).
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