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  Markov	
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  for	
  	
  

Myosin	
  Stepsize	
  



data:	
  ./data/motor_stepsize.txt	
  
matlab:./matlab/motor.m	
  



Motor	
  Stepsize	
  

Note:	
  we	
  ignore	
  the	
  real	
  lagAme	
  for	
  each	
  step!	
  



Gaussian	
  Mixture	
  Model	
  on	
  
Motor_stepsize	
  

Matlab	
  Gaussian	
  Mixture	
  model	
  fiGng	
  gives	
  the	
  following:	
  

Gaussian	
  mixture	
  distribuAon	
  with	
  2	
  components	
  in	
  1	
  dimensions	
  
Component	
  1:	
  
Mixing	
  proporAon:	
  0.049663	
  
Mean:	
  	
  	
  	
  .1905	
  

Component	
  2:	
  
Mixing	
  proporAon:	
  0.950337	
  
Mean:	
  	
  	
  	
  .3195	
  

This	
  is	
  different	
  to	
  the	
  paper	
  with	
  two	
  modes	
  centered	
  at	
  25nm	
  and	
  43nm	
  

We	
  get	
  a	
  sequence	
  {1	
  2	
  1	
  1	
  1	
  2	
  2	
  1	
  2	
  …}	
  by	
  mapping	
  to	
  the	
  two	
  components.	
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A R T I C L E S

~25-nm and ~45-nm displacements were observed for 86% of 
myosin X molecules (Fig. 3a, top two panels). The rest of the 
MyoX-LA-QD655 molecules showed larger step sizes with a nar-
rower distribution, at 68  8.4 nm (s.d.; Fig. 3b).

The step-size distribution of the alternating molecules (middle panel 
of Fig. 3a) could be fitted by a single Gaussian curve at 34  14 nm  
(s.d.). However, owing to the clear alternation of step sizes in these 
molecules (typical recordings are shown in top two panels of Fig. 3a), 
which produces two populations of steps in equal numbers, we fit 
the distribution with two Gaussian components having equal areas 
(amplitudes and s.d. of the two components were forced to be equal). 
The fitting yielded peaks centered at 25 nm and 43 nm, which, in con-
junction with the relatively large size of the quantum dot (~15 nm),  

suggest that the quantum dot is probably located on the second or 
third CaM in these molecules (cartoon panel of Fig. 3a). The aver-
age of the two alternating step sizes suggests that myosin X’s center 
of mass translocates about 34 nm on each step. This interpretation 
is confirmed by the step-size measurements of MyoX-CT-QD655  
(Fig. 4), which indicate the motion of the tail of the molecule, track-
ing the center of mass.

The myosin X molecules producing 68-nm steps probably have a 
quantum dot located on the first CaM and thus alternated between 
0- and 68-nm steps (cartoon panel of Fig. 3b). Since 0-nm steps are not 
discernible, each observed 68-nm step is limited by two consecutive 
events, the steps of the labeled and unlabeled heads. The dwell-time 
distributions of the two types of myosin X (bottom of Fig. 3) strongly 
support that interpretation. The dwell-time distribution for the 25- to 
43-nm molecules (red bars in Fig. 3a, bottom) can be fitted by a single 
exponential P(t) = ke−kt, consistent with the labeled and unlabeled 
heads having the same stepping rate. The dwell-time distribution for 
the 0- to 68-nm molecules (blue bars in Fig. 3b, bottom) is fitted bet-
ter by the convolution of two exponentials P(t) = tk2e−kt, as expected 
from two reactions with equal rates in series24. These results strongly 
support the hand-over-hand model of myosin X processivity.

Processive motility shows quantitative differences on fascin-actin 
bundles compared to single actin filaments. Myosin X moves about 
26% faster on actin filaments than on fascin-actin bundles at low 
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Figure 3 Alternating step size supports the hand-over-hand model of 
myosin X. (a) About 86% of MyoX-LA-QD655 molecules showed alternating 
larger and smaller displacements. The step sizes in the second panel are 
measured from the molecule of the first panel. The third panel shows 
the step-size histogram of 66 alternating molecules. It is fitted with two 
Gaussian components of equal amplitude and width (solid curves, 25  9.4 nm  
and 43  9.4 nm (s.d.); the dashed curve is the sum of the two solid 
curves). Alternating large and small steps are expected if the quantum dot 
is on the third CaM, as shown in the cartoon in the fourth panel. The  
dwell-time distribution (fifth panel, red bars) is fitted by a single exponential 
P(t) = ke−kt, yielding an average waiting time (1/k) of 0.89 s at 1 M  
Mg-ATP. The dashed curve is a double exponential that doesn’t approximate 
the data as well (F-test). (b) The rest of the MyoX-LA-QD655 molecules 
(14%) showed larger step sizes of 68  8.4 nm (s.d., n = 142). This 
behavior is expected if the quantum dot is on the first CaM, as shown in the 
cartoon in the fourth panel. The dwell-time distribution for the 0- to 68-nm 
case, blue bars, is fitted by a convolution of two single exponentials,  
P(t) = tk2e−kt, yielding an average waiting time (2/k) of 1.62 s at 1 M  
Mg-ATP, about double the waiting time for the 25- to 43-nm case.  
The dashed curve is a poorer fit by a single exponential decay (F-test).
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Figure 4 MyoX-CT-QD655 shows different stepping behavior along actin 
filaments and bundles. (a) A stepping trace of myosin X on a single actin 
filament. (b) A stepping trace of myosin X on an actin bundle. (c) The step-
size distribution of MyoX-CT-QD655 on actin filaments with mostly forward 
steps (34  14 nm, s.d., n = 1,105) and 4.5% backward steps (−29  14 nm, 
s.d., n = 53). (d) The step-size distribution of MyoX-CT-QD655 on actin 
bundles with mostly forward steps (28  13 nm, s.d., n = 1,349) and 8% 
backward steps (–17  7 nm, s.d., n = 113), fitted with black curves. The 
data of forward steps were also fitted with two Gaussian components (magenta 
and green curves), with the center of the magenta curve fixed at 34 nm for 
comparison with c. Mg-ATP concentration was 2 M.



Motor	
  Stepsize	
  DiscreAzaAon	
  



Implied	
  Time	
  Scale	
  

This	
  says	
  when	
  the	
  sequence	
  jumps	
  at	
  lagAme	
  in	
  [14,22],	
  the	
  dynamics	
  is	
  like	
  a	
  Markov	
  model	
  



Bayesian	
  Factor	
  when	
  lagAme=1	
  

When	
  lagAme	
  is	
  1,	
  the	
  sequence	
  is	
  best	
  described	
  by	
  a	
  4-­‐th	
  order	
  general	
  Markov	
  
Chain,	
  becer	
  than	
  reversible	
  Markov	
  chain	
  (order	
  1)	
  and	
  mulAnomial	
  model.	
  



Bayesian	
  Factor	
  with	
  lagAme=15	
  

However	
  when	
  lagAme=15,	
  the	
  sequence	
  is	
  best	
  described	
  by	
  a	
  reversible	
  Markov	
  Chain	
  	
  
(order	
  1),	
  then	
  a	
  general	
  Markov	
  Chain	
  (order	
  1).	
  Higher	
  orders	
  are	
  worse.	
  


