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Flow Stretching and the DNA force-extension relation


Flow stretching and the DNA force-extension relation

In the flow stretching technique, a linear strand of DNA is tethered to a planar surface at one end and to a microbead at the other end.  By flowing buffer over the tethered DNA, the drag force on the bead, and hence the tension in the DNA, can be varied.  In this tutorial, you will use a computer simulation of the experiment to measure the end-to-end extension of the DNA as a function of the applied force.
objectives

· Use a simulation to observe changes in DNA as the applied force is varied.
· Measure the force vs. extension curve of DNA.
· Gain intuition as to the origin of this physical behavior.

· 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 a force vs. extension curve look like for rubber band?   Sketch what you might expect it to look like using the extenstion on the horizontal axis and the force on the vertical axis.
2.   What do you think the force vs. extension curve for DNA might look like?  Sketch it here using the same axes as for question one.

Procedure

Part I: Extension in the absence of the Brownian motion of bead.

1.
Go to http://phet.colorado.edu/en/simulation/stretching-dna and click on “Run Now!”  Click “Ok” to run the Java application.  You should see the “Stretching DNA” 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.

(What happens when you do this?  Why?
3.
The black line segments connecting the tack to the bead represent the DNA.  


(Is the DNA static or fluctuating?  Explain why it behaves the way it does.

(Is the bead position static or fluctuating?  Explain why it behaves the way it does.
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.”  Explore the effect of the flow speed on the system.  

Other controls to explore:
□ Show fluid drag force






□ Show force values






□ Show ruler

(Note: The ruler can be repositioned by clicking on it and also by moving the laser left and right)
6.
Independently, try to develop a procedure to measure the force extension curve of the DNA using the controls you have just learned how to use.  It is recommended that you collect no less than 8 data points.  Check your procedure with your instructor before proceeding.


(Once your procedure has been approved, describe it briefly here:

7.
Now perform your experiment and record your data in the table below.  Record three numbers for each fluid speed: the fluid speed, the DNA extension, and the drag force.  

(Fill in the table below with your results.

	Fluid speed (μm/s)
	DNA extension (nm)
	Drag force (pN)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


(Check your results with your instructor before proceeding.


Part II: Analysis of DNA force-extension data
8.
For this part you will produce a graph of the applied force versus the DNA extension.  Go to the start menu on your computer and start Excel and open a new spreadsheet.
9.  Input your data into the Excel spreadsheet in the same format as above.  Once that is done, insert a graph of the extension on the horizontal axis and the force on the vertical.  Ask for help from your instructor if you do not know how to do this.
     Compare your data to that supplied by your instructor.  

(Is it similar?
10. Answer the following questions.


a. Is your graph similar to what you predicted for DNA?


b. Does DNA behave similarly to what you expect from a rubber band?


c. What do you think is the contour length of the DNA?


d. How is the extension of the DNA related to the contour length at high force?


e. Does the DNA obey Hooke’s law?

Part III: Effects of Brownian motion of bead.
11.
 Now enable the Brownian force.  With the ruler zero position at the tack position, turn the flow speed to zero, wait a minute for the system to equilibrate and click on “position histogram.”
 

(Describe qualitatively what you observe.

12.
Now, you will repeat your measurements as before, but for each different flow rate, you will reposition the ruler horizontally so that the average position of the bead is 0 nm.  For example, if for 10 μm/s flow rate you measured a 300 nm extension, you will set the flow rate to 10 μm/s and slide the ruler so that the tack is over the -300 nm mark.  This will make sure the bead fluctuates around 0 nm.  Then you will observe the motion of the system and the position histogram for the new flow rate. Note, you can start a new histogram at any time by clicking “Clear” on the “Position Measurements” window.  Ask your instructor to demonstrate for you if you have trouble following these directions.
  
      As you repeat each flow rate, you do not need to record any measurements in your tutorial write-up.  But note the width of the distribution at each flow rate and how it compares to the mean extension.

 13.
After you are done, answer the following questions.
a. Does the width of the distribution depend on the applied force?  If so, how?
b. How do you think this behavior complicates the measurement of the force extension curve for DNA in a real experiment?
c. How might you have to modify your procedure in order to measure the force-extension curve in the presence of the Brownian motion of the bead?  (a more realistic scenario).
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