
 

 

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? 

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

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? 

 

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?  

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.  

 

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? 

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.  

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

the cycles similar, and how are they different?  

 

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? 

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

position be desirable? 

 

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?  

B) What kind of Brownian motor could kinesin be? 


