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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

ABSTRACT CK-1213296 AcTivAaTES CARDIAC AcTO-MYOSIN ATPASE BUT INHIBITS THE BASAL ATPASE
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We have identified a smal_l mol_ecule activator, CK-1213296, of_the_cardiac myosin ATPase. } cS1 (basal) A o] g cS1 + actin w16 cs1+ actin 54 To Crosslinked *2E Skinned myofibrils
This agent was characterized in steady state and transient kinetic assays to understand 00| 034 o] +Tm +Tn fi | Acto-cS1 S
its mechanism of action. CK-1213296 increases the steady-state rate of ATP hydrolysis of z z ] s g z - T 0]
purified bovine actin and cardiac myosin subfragment-1, as well as in bovine cardiac E 2 7 Es s 2 oo ERE
myofibrils, where the sarcomere structure is intact. We also find that CK-1213296 g o g 7 g el g g om
activates cardiac myosin selectively as no activation is observed in systems containing 1 ] N -!"‘ i 02| -
rabbit skeletal or chicken gizzard smooth muscle myosins. Analysis of the individual steps o] 1o0=39:02 um ::’ EC50=2.4820.03 yM Ve EC502.6740.42 pM n EC50=1.2740.22 uM E R EC50=2.0740.40 yM
in the enzymatic cycle of cardiac myosin suggests that the actin stimulated release of ] T T B T T ST T Ty T R TCT T LI T T
phosphate is increased in the presence of CK-1213296. Additionally, we find that no [CK1213296] (u M) [Craz132961 (w i) [CK1213296] (u M) [CK12132961 (M) [CK1213296] (u M)
other steps in the enzymatic cycle are affected by CK-1213296. Thus, the enzymatic step Figure 2. Dose response of CK-1213296 in system (A) composed of purified bovine cardiac S1 (basal system) (B) purified bovine cardiac S1 and bovine cardiac actin. (C) calcium
governing the weak to strong transition of S1 binding to actin is accelerated without regulated system composed of reconstituted thin filament at 50% calcium activation (soluble regulated system) (D) purified bovine cardiac S1 covalently attached to bovine cardiac
affecting the release from the strongly bound state. This acceleration in the rate of actin (crosslinked system) (E) skinned myofibrils that are at a calcium concentration to achieve 50% activation.
transition from the weak to strong binding state should increase force production and . o
may underlie its ability to improve cardiac contractility in cellular and in vivo models of 0p tean system pLrosslinked system K, Mydbril system Clean system CONCLUSIONS
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. . . Figure 3. Substrate titrations in the presence of CK-1213296 in system (A) purified bovine cardiac S1 and bovine cardiac actin. (B) purified bovine cardiac S1 covalently attached to ———————————————]

CK-1213296 was synthesized at Cytokinetics Inc. All proteins used were produced by the bovine cardiac actin (C) skinned myofibrils that are at a calcium concentration to achieve 50% activation. (D) purified bovine cardiac S1. Steady state kinetics data were analyzed = ==
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protein production group at Cytokinetics Inc. globally using the model shown in the middle of the figure.

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 MgClI2, 1TmM 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 27
using GraFit to fit the model shown in the text.
Transient kinetics

A
o
0:67
0.4
Transient kinetic measurements were carried out on a Hi-Tech SF-61DX2 stopped-flow 021

apparatus temperature controlled to 25°C. At least three transient traces were collected T
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s . : “0 3 5 4 - - - 4 Figure 5. (A) Effect of a single dose of CK-1213296 (20 uM) on actin-stimulated ATPase of different
ahd averaged together for each condition. All data analysis was conducted using the pea . pea myosin Il types. (B) effect of CK-1213296 (2 uM) on hybrid cardiac/skeletal Ca-responsive actomyosin
KinetAsyst software. Soluble reglated system Skinned myofbril system " : . - " "
) ) . R systems at the 50% of maximal calcium activation. The first two letters denote the myosin source and R
ATP bindi bovi di . bf 1 1 db o Figure 4. Calcium response in the presence of CK-1213296 in system (A) composed of a the last two denote the thin filament source (BC=bovine cardiac, RS=rabbit skeletal). It is evident that EFERENCES
inding to bovine cardiac myosin subfragment-1 (cS1) was measured by monitoring reconstituted bovine cardiac regulated thin filaments (B) skinned bovine cardiac myofibrils. activation by CK-1213296 only occurs in cardiac myosin irrespective of the thin filament used.

the intrinsic tryptophan fluorescence of cS1. ADP release rates were determined by
chasing mantADP from c¢S1 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 ¢S1 in the presence and absence
of bovine cardiac actin (1).
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Figure 6. Transient state kinetics of (A) ATP binding to S1+ATP«<81(ATP) S1.A +ATP<—61(ATP)+A H H H
cS1. (B) Estimation of the ATP hydrolysis rate at the o] Summary of transient kinetics
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maximal rate of ATP binding. (C) Transient kinetic DMSO Control CK1213296 (50 p M)
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