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ABSTRACT

INTRODUCTION

The small molecule CK-1213296
activates the actin-simulated
ATPase of bovine cardiac myosin in
systems with increasing complexity
– from soluble actomyosin to
skinned cardiac myofibrils. 

CK-1213296 accelerates actin-
dependent phosphate release from
myosin in a dose-sensitive manner.
This reaction, coupled to the weak
to strong mechanical transition of
myosin, suggests a mechanism for
how the compound improves force
production. In addition, CK-
1213296 inhibits actin-independent
phosphate release from myosin,
reducing the rate of non-
productive ATP hydrolysis. 

Importantly, CK-1213296 has little
effect on the other steps of the
chemical cycle. 

Administration of CK-1213296
increases contractility and
improves cardiac function in a dog
model of heart failure, suggesting
that myosin activation could be a
beneficial treatment for human
heart failure.

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 cardiac myosin subfragment-1 (S1) and actin, as well as in
bovine cardiac myofibrils, where the sarcomere structure is intact. We
also find that CK-1213296 activates cardiac myosin selectively since 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 appears
to underlie its ability to increase force production in a dog model of
cardiac function.

Improving cardiac contractility by specifically activating cardiac
myosin could offer the following potential advantages over current
agents:

In addition, this mechanism of action is predicted to minimally
impact cardiac oxygen consumption and thus potentially improve
myocardial efficiency.

We sought to demonstrate
the therapeutic hypothesis
with the small molecule
cardiac myosin activator, CK-
1213296 (Figure 1). This class
of molecules was identified
in a high throughput screen
for myosin activators, and
here we describe details of
their biochemical mechanism
of action.

Figure 1. CK-1213296 is a member of a
substituted benzamide family of myosin
activators.

CK-1213296 IS ACTIVE IN SIMPLE AND COMPLEX SYSTEMS

A DETAILED KINETIC ANALYSIS OF THE CARDIAC MYOSIN ACTIVATOR, CK-1213296, SUGGESTS IT IMPROVES
CARDIAC CONTRACTILITY BY ACCELERATING TRANSITION FROM THE WEAK TO STRONGLY BOUND STATES

HM Rodriguez, S Sylvester, J Hartman, YT Shen†, DA Kass‡, SF Vatner†, F Malik, R Sakowicz
†University of Medicine and Dentistry of New Jersey, Newark, NJ; ‡Johns Hopkins University, Baltimore, MD; Cytokinetics, Inc., South San Francisco, CA

Abstract #129

(]6923121KC[ µµ )M
01 1- 011 1 01 2

Ra
te

( µµ
M

/s)

20.0

40.0

60.0

80.0

1.0
A

(]6923121KC[ µµ )M
01 1- 011 1

R a
te

( µ µ
M

/s)

22.0

42.0

62.0

82.0

3.0

23.0

43.0

63.0 B

(]6923121KC[ µµ )M
01 1- 011 1 01 2

R a
te

( µ µ
M

/s)

4.0

6.0

8.0

1

2.1

4.1

6.1

8.1

2
C

(]6923121KC[ µµ )M
01 1- 011 1

Ra
te

( µµ
M

/s)

4.0

6.0

8.0
D

(]6923121KC[ µµ )M
01 2- 01 1- 011 1

Ra
te

( µµ
M

/s)

61.0
81.0
2.0
22.0
42.0
62.0
82.0
3.0
23.0
43.0
63.0
83.0 E

ytixelpmocgnisaercnifosmetsysni6923121-KCfosesnopseresoD idracenivobdna1Scaidracenivob)B(,1Scaidracenivob)A(: enivob)C(,nitcaca
uiclaclamixamfo%05tanitcadetalugermuiclacdna1Scaidrac firup)D(,noitavitcam dehcattayltnelavoc1Scaidracenivobdei ,nitcacaidracenivobot

.noitavitcamuiclaclamixamfo%05taslirbifoymcaidracenivobdenniks)E(dna

slirbifoyM1SotcAdeknil-ssorCnitcadetaluger+1Snitca+1S1S

s721 1-s811 1-1Sc-otcamorfesaelerPDA

s4.0 1-s4.0 1-1ScmorfesaelerPDA

01x9.7 5 M 1- s 1-01x9.7 5 M 1- s 1-nitcamorfesaelernisoyM

01x5.1 6 M 1- s 1-01x5.1 6 M 1- s 1-1ScotgnidnibPTA

05(6923121-KC µµ )MlortnoCOSMD

(]6923121KC[ µµ )M
0604020

k o
bs

(s
-1

)

410.0

610.0

810.0

20.0

220.0

420.0

620.0
E

esaeleRetahpsohPtnedneped-nitcA

sciteniktneisnartfoyrammuS

esaeleRetahpsohPtnednepedni-nitcA

6923121-KC,nitcafoecnesbaehtnI
suhtdnaesaeleretahpsohpstibihni

sisylordyhPTAevitcudorp-non

(]6923121KC[ µµ )M
0604020

k o
bs

(s
-1

)

4.1

6.1

8.1

2

2.2

4.2

6.2

8.2 F

6923121-KC,nitcafoecneserpehtnI
dnaesaeleretahpsohpsetarelecca

sisylordyhPTAevitcudorpsuht

KAEW

GNORTS

KAEW

GNORTS

nitcA

nisoyM

CONCLUSIONS

CK-1213296 IMPROVES CARDIAC FUNCTION IN A DOG MODEL OF HEART FAILURE

CK-1213296 SPECIFICALLY MODULATES THE WEAK -> STRONG TRANSITION

gnilangisregnessemdnocesfonoitavitcaoN•
muiclacralullecartnietycoymcaidracniesaercnioN•

etartraehniesaercnioN•
erusserpdoolbniesaercedoN•

M
s)

2.

4.

6.

8.

.
A

M
s)

22.

42.

62.

82.

3.

23.

43.

63. B

M
s)

4.

6.

8.

2.

4.

6.

8.

2
C

M
s)

4.

6.

8.
D

M
s)

6.
8.
2.
22.
42.
62.
82.
3.
23.
43.
63.
83. E

ytixelpmocgnisaercnifosmetsysni6923121-KCfosesnopseresoD idracenivobdna1Scaidracenivob)B(,1Scaidracenivob)A(: enivob)C(,nitcaca
uiclaclamixamfo%05tanitcadetalugermuiclacdna1Scaidrac firup)D(,noitavitcam dehcattayltnelavoc1Scaidracenivobdei ,nitcacaidracenivobot

.noitavitcamuiclaclamixamfo%05taslirbifoymcaidracenivobdenniks)E(dna

s721 1-s811 1-1-PA

s4.0 1-s4.0 1-1PA

01x9.7 5 M 1- s 1-01x9.7 5 M 1- s 1-M

01x5.1 6 M 1- s 1-01x5.1 6 M 1- s 1-1dbPA

05(6923121-KC µ )MCM

(]6923121KC[ µ )M
0604020

k o
bs

(s
-1

)

410.0

610.0

810.0

20.0

220.0

420.0

620.0
E

esaeleRetahpsohPtnedneped-nitcA

sciteniktneisnartfoyrammuS

slirbifoyM1SotcAdeknil-ssorCnitcadetaluger+1Snitca+1S1S

esaeleRetahpsohPtnednepedni-nitcA

6923121-KC,nitcafoecnesbaehtnI
suhtdnaesaeleretahpsohpstibihni

sisylordyhPTAevitcudorp-non

(]6923121KC[ µ )M
0604020

k o
bs

(s
-1

)

4.1

6.1

8.1

2

2.2

4.2

6.2

8.2 F

6923121-KC,nitcafoecneserpehtnI
dnaesaeleretahpsohpsetarelecca

sisylordyhPTAevitcudorpsuht

elcycesaPTAnisoymehtnispetsrehtonostceffeelbigilgensah6923121-KC

KAEW

GNORTS

KAEW

GNORTS

nitcA

nisoyM

locotorPFH

Ch
an

ge
fro

m
 B

as
eli

ne
 (%

)

04-

02-

0

02

04

06

6923121-KC

elciheV

noisufni rh/gk/gm 8 + sulob gk/gm 8
setunim 51 = T

enilesab  .sv  50.0 < p *

td
Pd

+ td
Pd

−VCPALPAMHFWE

* *
*

*
*

*

*

CK Molecular Mechanisms of Cardiac Disease and Regeneration – February 2006

gnilangis regnessem dnoces fo noitavitca oN•
muiclac ralullecartni etycoym caidrac ni esaercni oN•

etar traeh ni esaercni oN•
 erusserp doolb ni esaerced oN•

noitatnalpmI lacigruS noitatnalpmI lacigruS
noitatnemurtsnI fO noitatnemurtsnI fO

 yrevoceR  yrevoceR

yad 1 yad 1

goD goD
gniniarT gniniarT

kw 1 kw 1 kw 2 kw 2

FHC FHC stnemerusaeM stnemerusaeM

kw 3 kw 3 kw 4 kw 4 55-- kw 6 kw 6

022 ta gnicaP dipaR 022 ta gnicaP dipaR -- nim/b 042 nim/b 042

 yretrA yranoroC
noisulccO

tratS

1809PAM
)9=n(

424PAL
)9=n(

02311672td/Pd
)01=n(

9.11.3OC
)4=n(

5182VS
)4=n(

7.68.21SF
)01=n(

431801RH
)01=n(

FHCtratS htiw detnemurtsni era sgod lergnoM
 tfel eht ni srecudsnart erusserp
 .atroa dna ,muirta tfel ,)VL( elcirtnev
 rof detnalpmi era slatsyrc dnuosartlU
 dna snoisnemid VL fo stnemerusaem
 a ,sgod emos nI  .ssenkciht llaw
 ta detnalpmi si eborp wolf cinosnarT
 rof atroa gnidnecsa eht fo level eht
 si ffuc redulcco na ro tuptuo caidrac
 VP etareneg ot CVI eht dnuora decalp
 yb decudni si eruliaf traeH  .spool
 yranoroc a gnisu noitcrafni laidracoym
 roiretna tfel eht dnuora redulcco
 yb dewollof yretra gnidnecsed
 gnicap ralucirtnev dipar suounitnoc
  .skeew lareves rof )mpb 042-022(
 ot roirp tsuj ffo denrut si recap ehT

.6923121-KC fo noitartsinimda

( ]6923121KC[ µµ )M
01 1- 011 1 01 2

Ra
te

 ( µµ
M

/s)

20.0

40.0

60.0

80.0

1.0
A

( ]6923121KC[ µµ )M
01 1- 011 1

Ra
te

 ( µµ
M

/s)

22.0

42.0

62.0

82.0

3.0

23.0

43.0

63.0 B

( ]6923121KC[ µµ )M
01 1- 011 1 01 2

Ra
te

 ( µµ
M

/s)

4.0

6.0

8.0

1

2.1

4.1

6.1

8.1

2
C

( ]6923121KC[ µµ )M
01 1- 011 1

Ra
te

 ( µµ
M

/s)

4.0

6.0

8.0
D

( ]6923121KC[ µµ )M
01 2- 01 1- 011 1

Ra
te

 ( µµ
M

/s)

61.0
81.0
2.0
22.0
42.0
62.0
82.0
3.0
23.0
43.0
63.0
83.0 E

ytixelpmoc gnisaercni fo smetsys ni 6923121-KC fo sesnopser esoD idrac enivob dna 1S caidrac enivob )B( ,1Scaidrac enivob )A(  :  enivob )C( ,nitca ca
uiclac lamixam fo %05 ta nitca detaluger muiclac dna 1S caidrac firup )D( ,noitavitcam  dehcatta yltnelavoc 1S caidrac enivob dei  ,nitca caidrac enivob ot

 .noitavitca muiclac lamixam fo %05 ta slirbifoym caidrac enivob denniks )E(  dna

s 721 1-s 811 1-1Sc-otca morf esaeler PDA

s 4.0 1-s 4.0 1-1Sc morf esaeler PDA

01x9.7 5 M 1- s 1-01x9.7 5 M 1- s 1-nitca morf esaeler nisoyM

01x5.1 6 M 1- s 1-01x5.1 6 M 1- s 1-1Sc ot gnidnib PTA

 05( 6923121-KC µµ )MlortnoC OSMD

( ]6923121KC[ µµ )M
0604020

k o
bs

 (s
-1

)

410.0

610.0

810.0

20.0

220.0

420.0

620.0
E

esaeleR etahpsohP tnedneped-nitcA

scitenik tneisnart fo yrammuS

slirbifoyM1SotcA deknil-ssorCnitca detaluger + 1Snitca + 1S1S

esaeleR etahpsohP tnednepedni-nitcA

 6923121-KC ,nitca fo ecnesba eht nI
 suht dna esaeler etahpsohp stibihni

sisylordyh PTA evitcudorp-non

( ]6923121KC[ µµ )M
0604020

k o
bs

 (s
-1

)

4.1

6.1

8.1

2

2.2

4.2

6.2

8.2 F

 6923121-KC ,nitca fo ecneserp eht nI
 dna esaeler etahpsohp setarelecca

sisylordyh PTA evitcudorp suht

elcycesaPTA nisoym eht ni spets rehto no stceffe elbigilgen sah 6923121-KC

KAEW

GNORTS

KAEW

GNORTS

nitcA

nisoyM

locotorP FH

Ch
an

ge
 fr

om
 B

as
eli

ne
 (%

)

04-

02-

0

02

04

06

6923121-KC

elciheV

noisufni rh/gk/gm 8 + sulob gk/gm 8
setunim 51 = T

enilesab  .sv  50.0 < p *

td
Pd

+ td
Pd

−  uaT            VS     OC    PAL   PAM   RH      SF     TW     seE

* *
*

*
*

*

*

 


