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Lesson 2: Chemotaxis



The C. elegans subcultured during Lesson 1 have been allowed to feed on E. coli OP50-pBAD for several 
days. Like Pavlov’s dog, the C. elegans have fed while subject to a second stimulus, in this case NaCl. 
Enough time has passed to condition the C. elegans to associate the NaCl in the NGM Lite agar plates with 
the OP50-pBAD food. You have received two assay agar plates on which you will test the degree of NaCl 
association that your C. elegans have made. 



The plates you’ve received have been divided in half. Ten microliters of C. elegans wash buffer has been 
placed on one half of each plate while 10 µl of 2.5 M NaCl diluted in C. elegans wash buffer has been placed 
on the opposite half of the plate. C. elegans wash buffer is a solution that has been formulated to contain 
no NaCl while also providing an isotonic solution that will not harm C. elegans during washing or during the 
chemotaxis assay. 



In this laboratory exercise you will harvest the C. elegans from the NGM Lite agar plates in C. elegans wash 
buffer and wash the worms thoroughly. It is important to wash the C. elegans thoroughly because if any 
residual E. coli remains with the worms when seeded onto the assay agar plate, the C. elegans will not 
move from the center of the plate. After washing, you will place C. elegans in the center of the assay agar 
plate where they will then need to choose which direction to move in. The C. elegans may move toward 
the NaCl half of the plate, toward the control half of the plate, or they may decide to move randomly over 
the plate. You will mark the position of the C. elegans, count them, and numerically calculate a chemotaxis 
index. Remember, both the C. elegans wild-type and mutant strains are fully capable of sensing NaCl. Any 
phenotypes observed are due solely to the C. elegans’ ability or inability to associate NaCl with food.  
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Student workstation



Materials Quantity (9)



NGM Lite agar plate with E. coli OP50-pBAD lawn 2



Microcentrifuge tube, 2 ml 2 



NGM Lite agar plate with C. elegans wild type 1 



NGM Lite agar plate with C. elegans mutant 1



C. elegans wash buffer (1x), 2 ml 1 



Disposable plastic transfer pipet (DPTP) 2



2–20 µl adjustable-volume micropipet and tips 1



Marking pen 1



Scissors 1



Dissection microscope (10–40x magnification) 1



Microcentrifuge tubes, 2.0 ml 1
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6. Label a new DPTP “Wash” and another “Waste.”



7. Let the C. elegans settle to the bottom of the 
tube for 2 min. 



8. Being careful not to disturb the C. elegans pellet, 
use the DPTP labeled “Waste” to remove the 
supernatant from each microcentrifuge tube and 
transfer it to the waste container. 



9. Using the DPTP labeled “Wash”, transfer 0.5 ml 
of C. elegans wash buffer to the wild-type and 
mutant microcentrifuge tubes containing the 
C. elegans.



10. Cap and invert both microcentrifuge tubes 
containing the C. elegans 5x to mix. Make sure 
that the entire pellet has been resuspended.



Wash
Waste



M
ut



an
t



W
ild



 T
yp



e



Waste



Wash



C. elegans 
wash buffer (1x)



M
ut



an
t



W
ild



 T
yp



e



0.5 ml



Waste



S
TU



D
E



N
T M



A
N



U
A



L
Lesson 2: Q



uick G
uide











image10.emf



C. elegans Behavior Kit Instruction Manual    37 



11. Repeat Steps 8–10 one more time for a total of 
2 washes. During the last wash, visually examine 
the clarity of the C. elegans resuspended in the 
C. elegans wash buffer. If the resuspended 
C. elegans are not dispersed in a clear liquid, 
obtain additional wash buffer from the instructor 
and continue washing until the liquid is 
completely clear. 



12. After the last wash, discard the supernatants, 
leaving approximately 50–100 µl of liquid above 
the pellet. 



13. Cut the end of a 20 µl pipet tip to make a large 
opening.



14. Transfer 10 µl of concentrated C. elegans pellet 
to the center of the appropriately labeled assay 
agar plate.



15. Repeat steps 12–13 with the second C. elegans 
strain.
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Statistical Analysis



Data 



Wild-type C. elegans



# C. elegans on NaCl side ________________________________________________   



# C. elegans on Control side ______________________________________________    



Total number of wild type C. elegans counted _______________________________



Mutant C. elegans



# C. elegans on NaCl side ________________________________________________    



# C. elegans on Control side ______________________________________________   



Total number of mutant C. elegans counted _________________________________



Calculation of Chemotaxis Index



1. Calculate the chemotaxis index as follows for the assays for both the wild-type and the mutant
C. elegans:



Chemotaxis index = (# C. elegans on NaCl side – # C. elegans on control side)
                           (# C. elegans on NaCl side + # C. elegans on control side)



Chemotaxis index for wild-type C. elegans: ______________________________



Chemotaxis index for mutant C. elegans: ________________________________



The chemotaxis index is a calculation of the movement of C. elegans specifically toward a chemical relative 
to just random movement. 



If the index is positive, then more worms moved toward the chemical (NaCl, in this case) 



If the index is zero, then the same number of worms moved toward the chemical as moved away 
from the chemical



If the index is less than zero, more worms moved away from the chemical than toward it



The more positive or more negative the chemotaxis index is, the stronger the effect. For example, if the 
chemotaxis index was 0.8 for wild-type worms but 0.1 for the mutant worms, then it can be said that the 
wild-type worms were much more strongly attracted to the salt than the mutant worms.
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Lesson 2: Focus Questions



1. In what way are the solutions placed at the NaCl and the Control spots on the assay agar plate similar or 
different?



2.  Is daf-18 an essential gene for C. elegans’ survival? Explain.



3. What is the benefit of having a functional daf-18 gene in C. elegans?



4. Why are NGM Lite agar plates not used for the chemotaxis assay?



5. What would happen during the chemotaxis assay if C. elegans were starved rather than fed prior to the 
chemotaxis assay?



6. Design an experiment to test this hypothesis.
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Chi Square Analysis of your C. elegans experiment



The experiment performed in class culminated in counting C. elegans that migrated to the NaCl side of 
the plate and C. elegans that migrated to the control side of the plate. C. elegans migration toward NaCl is 
used as a measure of associative learning behavior since only a population of C. elegans that is capable of 
associating NaCl with favorable feeding environments migrates towards NaCl. Using the data collected, a 
chemotaxis index (CI) was calculated that allows you to graph and visually determine differences in behavior 
between the wild-type and mutant C. elegans populations. However, how do the observed results compare 
to our hypothesis that C. elegans will migrate toward NaCl after conditioning with food (E. coli)?  Do the wild-
type or mutant results accept or reject this null hypothesis?



Bio-Rad scientists have performed hundreds of NaCl chemotaxis experiments on C. elegans and thus 
expected values are well established. According to previous experiments, 91% of wild-type C. elegans 
typically migrate toward NaCl side of the plate while the remaining 9% of C. elegans will migrate toward the 
control side of the plate.  



Use the data described above to set your expected value, and use the data collected in the course of your 
experiment as the observed values.  



Fill out the worksheet below and determine whether your experimental results support the following null 
hypothesis:



H0 (null hypothesis):  C. elegans will migrate towards NaCl after conditioning with food.



You can calculate the percent migration as follows:



Percent C. elegans on NaCl side = # C. elegans on NaCl side
     Total C. elegans 



Percent C. elegans on Control side = # C. elegans on Control side
         Total C. elegans 
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Wild-Type C. elegans Data Analysis



H0 (null hypothesis): The data are consistent with an expected result.



Ha (alternative hypothesis): The data are not consistent with an expected result.



H0 (null hypothesis):____________________________________________________________________________



_____________________________________________________________________________________________



Ha (alternative hypothesis):______________________________________________________________________



_____________________________________________________________________________________________



Wild-Type C. elegans Chi Square Analysis



H0 (null hypothesis): 



Ha (alternate hypothesis): 



Observed, o Expected, e (o – e)2/e



Percent C. elegans on 
NaCl side 0.91



Percent C. elegans on 
control side 0.09



¦, Sum F2= _____                                          



Degrees of freedom:                       Significance Level =                       0.05



Does F2 analysis reject the null hypothesis?



Yes                                            No    
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Mutant C. elegans Data Analysis



H0 (null hypothesis): The data are consistent with an expected result.



Ha (alternative hypothesis): The data are not consistent with an expected result.



H0 (null hypothesis):____________________________________________________________________________



_____________________________________________________________________________________________



Ha (alternative hypothesis):______________________________________________________________________



_____________________________________________________________________________________________



Mutant C. elegans Chi Square Analysis



H0 (null hypothesis): 



Ha (alternate hypothesis): 



Observed, o Expected, e (o – e)2/e



Percent C. elegans on 
NaCl side 0.91



Percent C. elegans on 
control side 0.09



¦, Sum F2= _____                                          



Degrees of freedom:                       Significance Level =                       0.05



Does F2 analysis reject the null hypothesis?



Yes                                            No    



M&M’S is a trademark of Mars, Inc.
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Lesson 1: Subculture



Dr. Ivan Pavlov was a Russian physiologist studying digestion in dogs when he first noticed that his canine 
subjects would begin to salivate before being fed even when they had not seen or smelled food. It turns 
out that the canine subjects of his salivary studies were reacting to the lab coats that his assistants were 
wearing. Every time that the dogs were fed, the person delivering the food wore a white lab coat. 



This anticipatory canine response piqued Dr. Pavlov’s curiosity and he decided to see whether he could 
take a neutral stimulus, such as the ringing of a bell and, by pairing it with food, cause a dog to salivate in 
response to the sound of a bell. Dr. Pavlov first rang the bell many times and was able to demonstrate that 
the dog did not naturally salivate in response to the bell. Dr. Pavlov then conditioned his dog by ringing the 
bell just prior to feeding. After some time, Dr. Pavlov was able to ring the bell without feeding the dog, and 
the dog would salivate. Dr. Pavlov’s dog had been conditioned to anticipate food and salivate upon hearing 
the ringing of the bell (Nobelstiftelsen 1964).



Like Dr. Pavlov’s dog, C. elegans can be conditioned. C. elegans are a nematode measuring at most 1 mm 
in length and with a nervous system that has just 302 neurons. Yet C. elegans can learn to associate their 
environmental conditions with food (associative learning behavior). C. elegans naturally feed on bacteria, and 
in this laboratory activity C. elegans will be fed a laboratory strain of E. coli bacteria called OP50-pBAD. 
C. elegans will be fed OP50-pBAD on NGM (nematode growth medium) Lite agar plates that contain 34 mM 
NaCl. NaCl is typically a neutral stimulus to C. elegans. But by pairing food with NaCl-containing plates, wild-
type C. elegans will be conditioned to seek out NaCl environments. 



This laboratory activity will also use a daf-18 mutant strain of C. elegans that is unable to produce a working 
DAF-18 protein. The DAF-18 protein is required for associative learning behavior, and without this protein 
C. elegans cannot make a positive association between NaCl and food. This laboratory activity will culminate 
by testing the associative learning ability of wild-type and mutant C. elegans through the use of an NaCl 
chemotaxis assay.



In the first laboratory activity you will observe your C. elegans and then subculture the wild-type and mutant 
C. elegans to NGM Lite agar plates containing fresh lawns of E. coli OP50-pBAD. The lucky C. elegans 
that have made it onto the new plates will encounter ideal feeding conditions (plenty of food and no 
overcrowding) while being constantly exposed to NaCl. 



In the second activity you will test the ability of the wild-type and mutant strains of C. elegans to associate 
NaCl with food. You will harvest and wash the C. elegans of E. coli (no food must be transferred) and place 
the C. elegans in the center of an agar plate containing a gradient of NaCl on one half and a control solution 
on the other half. You will allow the C. elegans to move throughout the agar plate for 30 minutes and then 
count how many C. elegans are on each side of the plate. With these data in hand, you will then be able to 
calculate a chemotaxis index as a numerical representation of the ability of C. elegans to associate its food 
with its environment. 



Let’s see how smart your C. elegans are!  
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Student workstation



Materials Quantity (9)



NGM Lite agar plate with E. coli OP50-pBAD lawn 2



Microcentrifuge tube, 2 ml 2 



NGM Lite agar plate with C. elegans wild type 1 



NGM Lite agar plate with C. elegans mutant 1



C. elegans wash buffer (1x), 2 ml 1 



Disposable plastic transfer pipet (DPTP) 2



2–20 µl adjustable-volume micropipet and tips 1



Marking pen 1



Scissors 1



Dissection microscope (10–40x magnification) 1



Microcentrifuge tubes, 2.0 ml 1
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Lesson 1: Focus Questions



1. List three reasons why a researcher would want to use a model organism.



2. List the stages of the C. elegans life cycle.



3. What are two characteristics that make C. elegans a good model organism?



4. Where are C. elegans found in nature and what do they eat? 



5. Are there any visible physiologic differences between the wild-type and mutant strains of C. elegans?



6. What is the purpose of subculturing C. elegans prior to the chemotaxis assay?
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