
 

 

Biophysics 400 Problem Set #9 

 

1. Movement of kinesin along microtubules. 

A) Describe the inch worm model for kinesin movement and the hand-over-hand model for 

movement. In each model how does the center of mass move? How does each head move? Is 

there a difference in this movement for the two models? 

 From Hua et al., Science 2002 

 
In the hand-over-hand model the trailing kinesin head hydrolyzes ATP and moves a 

distance of 16 nm to bind the next open beta tubulin, moving the center of mass 8 nm. 

Once bound, the trailing head now becomes the lead head and the process repeats. In 

the inchworm model the trailing kinesin head hydrolyzes ATP and moves a distance of 8 

nm to bind the beta tubulin where the lead head is already bound. The center of mass 

moves 4nm. Then the lead head hydrolyzes ATP and moves to the next beta tubulin 8 

nm away and the center of mass moves another 4 nm. Thus, in both models one ATP 

moves the center of mass 8 nm and the total head movement is 16 nm. 

 

B) List the evidence for why we believe kinesin walks hand-over-hand. 

 If we place a fluorescent marker by one of the heads we see a movement of 16 nm, 

suggesting that each head is swinging past the other to land at the next open beta tubulin. If 

kinesin was using an inchworm method then the movement of each head would be 8 nm. 

Similarly, if we mutate one of the heads such that its step size is limited we see “limping” of the 

kinesin. One step will look perfectly normal and then the next will be short, indicating that the 

normal step was completed by the unmutated head. If kinesin was using an inchworm method 

then every step would be short because every step would involve the mutated head.  

  

C) Given the kinesin data we talked about in class, how does the processivity of kinesin change if 

you lower the ATP concentration or increase the force? Why is this the case? 

 If you increase the force acting against the kinesin or lower the ATP concentration then 

the processivity will decrease. This is because both cases decrease the time that each head is 

bound to the microtubule and thereby increase the probability for dissociation. 

 

 

 

 

 

 

 



 

 

 

2. Movement of myosin along actin. 

A) The mechanochemical cycle for myosin is called the crossbridge cycle. In the crossbridge cycle 

myosin hydrolyzes ATP and undergoes a power stroke of 5 nm. If this is the case, why is the 

distance the head moves per ATP = 60-400 nm?  

The duty ratio for myosin II is about 0.02. This means that myosin II spends a significant 

time during the cycle unbound from actin. While it is unbound the actin is still moving 

due to other myosin heads. When myosin II rebinds to complete the cycle the actin has 

then moved 5 nm due to the power stroke of the protein plus the movement when the 

protein was unbound. This means that the distance moved during one ATP hydrolysis 

could be much larger than 5 nm, such as 60-400 nm.  

 

B) The duty ratio is defined as the time the motor is bound to the track divided by the time 

bound plus the time unbound. Given this definition, prove that the duty ratio for myosin is equal 

to the power stroke distance divided by the step size per ATP.  

 duty ratio = r = (t_on)/(t_on + t_off) 

 velocity of myosin along actin = v 

distance per ATP = Δ = v/kATPase 

distance for power stroke = δ = v*t_on 

 

r = (δ/v)/(1/kATPase) = δ/Δ  

 

3. Kinesin vs. Myosin. 

A) Explain why the KM for the motor domain of kinesin is 24 μM and the KM for the ATPase in 

kinesin is 10 μM. Why is the KM for the motor domain in myosin 200 μM and the KM for the 

ATPase 10 μM? 

The duty ratio is: r = t_on/t_total = KM,ATPase/KM,motor. For kinesin the duty ratio is close to 

0.5 so the KM for the ATPase is close to half (0.42). For myosin II the duty ratio is 0.02 so 

the ratio of the KM’s should be close to that (0.05). 

 

B) Explain why the velocity of microtubules in the gliding assay stays the same as you increase 

the kinesin concentration on the surface, but the velocity of actin in the gliding assay increases 

as you increase the myosin concentration.  

Kinesin has a duty ratio of 0.5 such that the two kinesin heads in one molecule of kinesin 

are sufficient to move a microtubule in the gliding assay. Indeed one kinesin molecule 

can induce a velocity of the microtubule of ~1 micron/s. More kinesin is not necessary 

and does not increase the velocity of the microtubule. Myosin II on the other hand has a 

low duty ratio = 0.02 such that each head is only attached for a short period of time (1 

ms). The more myosin II molecules, the more heads attached to the actin, the more the 

actin moves. In this case as the number of molecules increases the number of power 

strokes per time increases, and thus, the velocity. 

 

 

 



 

 

 

C) Compare the crossbridge cycle of myosin to the mechanochemical cycle of kinesin. How are 

the cycles similar, and how are they different?  

Both cycles use the free energy of ATP hydrolysis to do mechanical work. In both cycles 

a motor head attaches to a track and hydrolyzes ATP to produce a conformational 

change or power stroke that moves the head forward. And in both cycles the ATP 

hydrolysis and power stroke are tightly coupled to binding and unbinding of the track. 

However, kinesin requires only one molecule with two heads that switch off binding and 

unbinding, while myosin II requires many molecules working in concert to move actin 

along. Also, Myosin is unbound from actin when ATP is bound, while kinesin is bound to 

the microtubule when ATP is bound.   

 

4. Optical trapping. The electric field of a laser creates a potential well at the laser focus that can trap a 

small (~1-micron-diameter) particle. Assume that the laser has a Gaussian profile, that is the laser 

intensity vs. distance from the focus (r) is a Gaussian curve, and that the laser focus has a half width, σ, 

equal to 300 nm. The maximum intensity is 3 W.  

A) What is the expression for the potential energy? 

                         
        

B) Given the potential energy, what is the expression for the force? Plot this curve. You can use 

a plotting program or just sketch it.  

    
  

  
      

 

    
       

 

 
 

C) What is the linear region of the trap? If the bead is 70 nm from the laser focus (a typical 

distance for measurements to occur) is the force linear? 

Linear region is plus or minus 100 nm. At 70 nm it is linear, but very close to the 

nonlinear region. Experimentalists use this value because it gives a high force without 

the need for a high power. Remember that F=-kx and k is proportional to intensity, so if 

x is large then the k or intensity doesn’t have to be as high to get the same force. 

 

 



 

 

 

D) Sometimes measurements take place at ~300 nm from the center of the trap, why might this 

position be desirable? 

Here the force is the same even if the distance from the trap focus varies. One could 

take measurements of a motor moving a trapped bead and the force on the bead would 

be constant for movements over an estimated 40 nm range. If you are in the linear 

region (r=70 nm) you have to keep moving the trap as the motor moves the bead to 

keep the force constant. 

 

5. Brownian motors. Read the article: “Thermodynamics and kinetics of a Brownian motor” by Astumian 

et al., Science 1997.  

A) What is the difference between a flashing ratchet and a rocking ratchet? 

In a flashing ratchet the “ratchet” potential flashes on and off. The ratchet potential is a 

saw tooth potential that is angled in a particular direction and drives motion in that 

direction, just like a ratchet tool would allow motion in one direction. In the rocking 

ratchet model the potential switches from a sawtooth potential in one direction to a 

sawtooth potential in the other direction. Motion for a rocking potential depends on the 

size of the potential in each case and how long each potential is on for. 

 

B) What kind of Brownian motor could kinesin be? 

Kinesin may not be a Brownian motor at all. However, it is likely that Brownian motion 

does play a role in the mechanochemical cycle of kinesin, even if it just causes the 

kinesin head to jiggle while it is unbound. In this case we might expect the potential to 

look like a flashing ratchet allowing the head to undergo Brownian motion during 

unbinding and not during binding. 


