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ABSTRACT

Myosin Il is a low duty ensemble motor that carries out vital physiological functions such as
muscle contraction. In vivo, an ensemble of myosin molecules functions asynchronously to
generate muscle contraction or tension development. Understanding the molecular/allosteric
rules that govern the co-ordination and performance of an ensemble of myosin Il molecules has
been a longstanding puzzle for the research community. Though unloaded shortening and
isometric tension have been well studied in vivo, it has been challenging to quantify the ensemble

properties of Myosin Il motor.

In this work, we present the first detailed analysis of processive sliding and breakage of actin
filaments at various heavy meromyosin (HMM) densities, ATP concentrations and inorganic
phosphate in IVMA. We observed that with addition of ATP solution, the actin filaments
fragmented stochastically; we then determined mean length and velocity of surviving actin
filaments post breakage. Using density of HMM molecules and length of actin, we estimated the

number of HMM molecules per actin filament (N) that participate in processive sliding of actin.

Only those filaments that were able to interact with a minimum number of HMM molecules
could sustain processive sliding. N was observed to be a function of ATP concentration, added
inorganic phosphate and active binding sites on actin. Only those filaments that were able to
interact with a minimum number of HMM molecules could sustain processive sliding. At 2 mM
ATP, 88 + 24 molecules and at 0.1 mM ATP, 54 + 22 molecules are required for continuous
sliding of actin in IVMA. Similarly, for added Pi (10 mM), N= 72 + 30 at 2 mM ATP and did

not show any variation with change in HMM density. Processive sliding of actin filament was



observed only when N lay within the above range at each ATP concentration. These estimates
helped arrive at a minimum lower limit (Npin) and a maximum upper limit (Npax) to the number
of HMM molecules that can interact with a smooth sliding actin filament in IVMA under our
experimental conditions. When N < Npin, the actin filament diffused away from the surface and
processivity was lost, probably because at least one tightly bound myosin molecule is required to
anchor the actin filament to the surface. When N > Npa, the filament underwent breakage
eventually and could not sustain processive sliding. We postulate this maximum upper limit

arises due to increased number of strongly bound myosin heads.

We also widened our perspectives to the understanding of sliding of regulated native thin
filaments (NTF) and established a similar limit on N. Unlike unregulated actin, we observed no

actin breakage of NTFs irrespective of any experimental condition.

We have thus also determined for the first time the number of simultaneously attached myosin
molecules (N;) to be ~1-2 at a given time despite changes in the experimental environment.
Based on our experimental findings, we concluded that processive sliding of the actin filament
depends on the relative values of the detachment and attachment rates. We concluded that the
unloaded shortening velocity of the actin filaments is a function of ATP only (or ATP and Pi in

experiments with external addition of Pi) and is independent of pCa and myosin density.

We believe these inferences from our experimental data will greatly aid in reaching a better
understanding of the mechanisms underlying myosin motility in an ensemble. The results may

also prove useful in the design of novel molecular motility-based devices in nanotechnology.

Vi
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