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ABSTRACT

MATERIALS & METHODS

INTRODUCTION

We have demonstrated that the small molecule
compound CK-1213296 activates the actin-
simulated ATPase of bovine cardiac myosin in
systems with increasing complexity – from
purified actin and myosin motor domain to
bovine cardiac myofibrils.

This activation is specific for cardiac myosin and
is not the result of an interaction with the
regulatory apparatus of the sarcomere. 

Transient kinetic analysis of the individual kinetic
steps of cardiac myosin demonstrates that:

• the rates of steps leading to phosphate release
from the strongly actin-associated myosin are
increased in the presence of the compound in a
dose responsive manner.

• the actin dissociated phosphate release step is
inhibited.

• CK-1213296 has no effect on the rates of ATP
binding nor on the rates of release of ADP in
both the actin associated and dissociated states
of myosin.

1. Brune et al. Direct, real-time measurement of
rapid inorganic phosphate release using a novel
fluorescent probe and its application to
actomyosin subfragment 1 ATPase.
Biochemistry, (1994).

2. Kovacs et al. Mechanism of blebbistatin
inhibition of myosin II. J Biol Chem. (2004).

3. Malik et al, Direct Activation of Cardiac Myosin,
A Novel Mechanism for Improving Cardiac
Function. American Heart Association (AHA)
Keystone, July 2005. Poster presentation.

4. Malik et al., Compositions and methods for
treating heart failure. United States Patent
6,908,923

We have identified a small molecule activator, CK-1213296, of the cardiac myosin ATPase.
This agent was characterized in steady state and transient kinetic assays to understand
its mechanism of action. CK-1213296 increases the steady-state rate of ATP hydrolysis of
purified bovine actin and cardiac myosin subfragment-1, as well as in bovine cardiac
myofibrils, where the sarcomere structure is intact. We also find that CK-1213296
activates cardiac myosin selectively as no activation is observed in systems containing
rabbit skeletal or chicken gizzard smooth muscle myosins. Analysis of the individual steps
in the enzymatic cycle of cardiac myosin suggests that the actin stimulated release of
phosphate is increased in the presence of CK-1213296. Additionally, we find that no
other steps in the enzymatic cycle are affected by CK-1213296. Thus, the enzymatic step
governing the weak to strong transition of S1 binding to actin is accelerated without
affecting the release from the strongly bound state. This acceleration in the rate of
transition from the weak to strong binding state should increase force production and
may underlie its ability to improve cardiac contractility in cellular and in vivo models of
cardiac function.

Materials

CK-1213296 was synthesized at Cytokinetics Inc. All proteins used were produced by the
protein production group at Cytokinetics Inc.

Steady state kinetics

All steady state kinetics measurements were made using an NADH coupled assay system
by monitoring the absorbance change at 340 nm in 10mM Pipes, 2mM MgCl2, 1mM DTT
pH 6.8 (PM10) buffering system. Assays were run at 25°C unless otherwise specified. All
measurements were carried out in a Molecular Devices SpectraMax plate reader.
Substrate titration experiments were conducted as described above. Data was analyzed
using GraFit to fit the model shown in the text.

Transient kinetics

Transient kinetic measurements were carried out on a Hi-Tech SF-61DX2 stopped-flow
apparatus temperature controlled to 25°C. At least three transient traces were collected
and averaged together for each condition. All data analysis was conducted using the
KinetAsyst software.

ATP binding to bovine cardiac myosin subfragment-1 (cS1) was measured by monitoring
the intrinsic tryptophan fluorescence of cS1. ADP release rates were determined by
chasing mantADP from cS1 or acto-cS1 with a high concentration of ADP. ATP
stimulated release of S1 from actin was monitored using pyrene labeled actin and
measuring the change in pyrene fluorescence. Phosphate release was monitored using
MDCC modified phosphate binding protein (PBP) for cS1 in the presence and absence
of bovine cardiac actin (1).

There is much interest in small molecule
agents that can modulate myosin function.
Blebbistatin is an example of one such
agent, which specifically inhibits the ATPase
activity of type II myosins (2). We discovered
a new class of agents that activate the
ATPase of myosin and improve contractile
function in muscle (3). Previously we
identified a small molecule agent 
CK-1213296 (figure 1), that specifically
activates the ATPase activity of cardiac
myosin. We have characterized the
mechanism of action of this compound
using steady state and transient kinetic
methods.

CK-1213296 ACTIVATES CARDIAC ACTO-MYOSIN ATPASE BUT INHIBITS THE BASAL ATPASE

DOES NOT AFFECT CALCIUM REGULATION IS SPECIFIC FOR CARDIAC MYOSIN

ACTIVATION OF THE CARDIAC SARCOMERE BY A SMALL MOLECULE AGENT, CK-1213296
HM Rodriguez, S Sylvester, R Kawas, F Malik, R Sakowicz

Cytokinetics, Inc. South San Francisco, CA
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