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Figure 3.2: Optical Trap Setup. a. The initial objective placement with the stage 
removed is shown. b. 30 µL of ddH! O is added on the bottom objective. c. The bottom 
objective is raised until the water “pops” against the slide. d. 70 µL of ddH! O is placed 
on top of the slide. e. The top objective is lowered until it makes contact with the water.  

Figure 3.3: Focusing the Optical Trap. a. The height of the bottom objective is 
adjusted until the bubble and the edge of the tape become distinct. b. With the iris 
shut the upper objective height is adjusted until a hexagonal shape becomes visible.   
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3.6 Operating the Optical Trap with Kinesin Motility Assay  

When analyzing the Kinesin motility assay, the first step is to find the microtubules 

on the surface of the slide.  Move the objectives down in 10 (µm) steps until the particles 

are no longer moving but appear stuck to the surface. Take 1 µm steps up and/or down to 

get the microtubules in focus as seen in Figure 3.4.  After ensuring the microtubules are 

abundant and straight, find a bead.  

There are two places to find a bead: 1) sticking on the surface and 2) floating in the 

solution.  If a bead is found on the surface, it must be pulled off by the laser.  Open the 

laser shutter, increase power to 500 mM and pass the laser across the bead swiftly to pluck 

it from the surface.  If this does not work, find a bead above the surface.  Move the 

objectives up in 10 µm steps; count the displacement to return to the MTs focal plane easily.  

Figure 3.4: Microtubule in Focus. Shown above is a microtubule in focus using 
the optical trap. Once the MTs come into focus, we know that we are in focus with 
the surface of the slide.   
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Once a bead is located, open the laser shutter and decrease the power. Do not turn the laser 

on directly on top of the bead or it will often be pushed away.  With the laser on a low 

power, slowly approach the bead to trap it.  To return to the surface without losing the bead, 

lower the objectives using a maximum of 5 µm step size.  

A few nanometers above the surface, calibrate the bead to achieve precise data and 

force calculations.  Curve fit each X, Y, and Z position graph until the R value approaches 

1.0. 

Taking 1 µm steps, return to the surface and locate a vertical, straight microtubule.  

Lower the objectives 2 µm to push the bead on the MT.  Graze the bead up and down along 

the MT to encourage the kinesin to attach.  Open the force vs time graph and switch from 

X to Y displacement values.  Click start, record, and save data.  Observe the graph for a 

few minutes and save the data for further analysis.  To obtain more data using the same 

assay, use the same bead on another MT or trap a new bead and recalibrate it. 

 

3.7 Diluting the Peptide  

The stock GenScript EGEDEA Peptide is 100 mg. Dilute this solid into 1 mL of 

reverse osmosis water to have a stock solution of 100 mg per mL.  The peptide’s molecular 

weight is 648.229 moles per gram.  Simple calculations reveal the molarity to be 0.154 

molar (M). Adding 1 µL of stock solution to a microtube with 99 µL of reverse osmosis 

water, the peptide is diluted to a concentration of 1 mg/mL [1.54 mM].  Divide this solution 

into 20 aliquots of 5 µL each and store in –80°C. 
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CHAPTER 4 

 

RESULTS 

 

4.1 Kinesin Optical Trap Motility Assay Control  

For our analysis of the force generation of kinesin-1, we performed a single 

molecule bead motility assays using optical tweezers.  The optical trap allowed us to 

generate force graphs, exemplified in Figure 4.1, by monitoring the movement of a bead 

once it has been introduced to a MT.   

Once the kinesin attached to the MT, it would begin to walk, pulling the bead away 

from the trap.  This movement represents a walking event.  When the kinesin is no longer 

able to generate enough force to overcome the force of the laser, the motor releases from 

the MT, snapping the bead back into the equilibrium position of the laser trap.  

The control data was collected by performing the Kinesin Optical Trap Motility 

Assay (Appendix A.5).  For each plot, we were able to determine the number of walking 

events the kinesin was able to take and the force each step generated in piconewtons.  From 

this data, we were able to determine the average force, run frequency, and standard error 

of the mean individually for each of our control data sets.  This data is shown in Table 4.1.  

We also performed each of these statistical measurements for the combination of these 

trials shown in Table 4.2. 


