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Tutorial 2



Flow Stretching and molecular motors


 Flow stretching and molecular motors

The flow stretching technique can be used to study processes which change either the contour length and/or the end-to-end extension of DNA.  In this tutorial, you will use a computer simulation of an experiment to measure the rate at which a molecular motor pulls DNA.  You will measure how this rate varies as concentration of substrate (ATP) and as a function of applied force (drag force).
objectives

· Use a simulation to observe the action of a molecular motor on DNA.
· Measure rate at which a molecular motor pulls vs. substrate  concentration or applied force.

· Gain understanding of the flow stretching technique.
Materials
	Computer with Excel and Java installed.
	

	Access to internet or PhET software.
	


Preliminary questions

1. What is the difference between contour length and extension?
2. How do you expect the molecular motor speed to vary with ATP?  Sketch a graph of what you expect with ATP concentration on horizontal axis and speed on vertical axis.
3. With applied force? Sketch a graph of what you expect with applied force on horizontal axis and speed on vertical axis.

Procedure

Part I: Measuring the speed of a molecular motor.

1. Go to http://phet.colorado.edu/en/simulation/molecular-motors and click on “Run Now!”  Click “Ok” to run the Java application.  You should see the “Molecular Motors” simulation start up on your computer.
2.
This software includes optical tweezers which we will not use in this tutorial.  Turn off the optical tweezers by clicking on the on/off button on the laser.
3.
The blue rotating circle represents the molecular motor (held in position by the tack).  The black line segments connecting the tack to the bead represent the “unprocessed” DNA (the DNA which has not been pulled through the molecular motor yet).  The grey line segements represent the “processed” DNA (the DNA which has been pulled through the molecular motor).
4.
Our first measurements will not include the Brownian motion of the bead.  Disable this using the control panel on the right.

5.
We will now use a fluid drag force to extend the DNA.  Click on “Show fluid controls.”  Now experiment with the different controls in the “Fluid” window.

Other controls to explore:
□ Show fluid drag force






□ Show force values






□ Show ruler






“Reset DNA”  button

(Note: The ruler can be repositioned by clicking on it and also by moving the laser left and right)
6.
With your partner, discuss how you might measure the speed at which the molecular motor pulls the DNA.  For now, you can leave the ATP concentration at 5.0, fluid viscosity at 1.0E-3, and the Fluid temperature at 298 K, while you try out different ideas.  Try to design a procedure that makes the best measurement with the data you have access to.

(Explain your procedure to your instructor, and then describe it here:

7.
Design an experimental protocol that will test the motor speed’s dependence on either the ATP concentration or the applied force.  You will choose one independent variable (either ATP or force) which you will vary.  For each value of the independent variable, you will perform your speed measurement procedure and record the result in the table below.  Measure the speed at at least 8 different values of your independent variable.

(Briefly describe your protocol here.


(Fill in the table below with your results.

	Independent variable
	Speed (nm/s)
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


(Check your results with your instructor before proceeding.


Part II: Analysis of motor speed data
8.
For this part you will produce a graph of your data.  Go to the start menu on your computer and start Excel and open a new spreadsheet.
9. Input your data into an Excel spreadsheet in the same format as above, and insert a graph of the speed (vertical axis) versus the independent variable (either the ATP concentration or the applied force, on the horizontal axis).
10. Answer the following questions.


a. Is your graph similar to what you predicted?


c. Does your technique measure the rate at which the contour length of the DNA changes, or the extension?  


d. How could you use your results from Tutorial 1 to convert rate of change of extension to rate of change of contour length?  Which rate do you think is more important or fundamental?
Part III: Effects of Brownian motion of bead.
11.
 Now enable the Brownian force and observe the behavior of the system.
12.
  Answer nswer the following questions.
a. How do you think this behavior complicates the measurement of the speed of the motor in a real experiment?

b. How might you have to modify your procedure in order to measure the speed in the presence of the Brownian motion of the bead?  (a more realistic scenario).
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