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Nicotine has been shown to cause appetite suppressing effects in humans. Studies have 
shown that nicotine has a similar effect on C. elegans as it does to mammals thanks to a 
common receptor to nicotine. C. elegans are a great model organism of study, 
demonstrated by their small genome size, simple reproduction, and ease of maintenance. 
They are multicellular, eukaryotic nematodes that share many genetic similarities to 
humans. This relation has been used to study the effects nicotine has on C. elegans 
chemotaxis to E. coli. The average attraction of C. elegans free of nicotine was compared 
to C. elegans treated with nicotine. The hypothesis being investigated is that nicotine will 
suppress chemotaxis of C. elegans towards its food source of E. coli OP50. The results 
supported the proposed hypothesis and it was found that the nicotine had a significant 
effect on the C. elegans chemotaxis to E. coli. There was a noticeable decrease of 
response in the C. elegans towards the E. coli after treatment with nicotine compared to 
the normal nicotine free worms.  

 
INTRODUCTION 

 
Caenorhabditis elegans (C. elegans) is a frequently chosen model organism studied by many 
scientists around the world. It is a multicellular, eukaryotic nematode organism of the 
phylum Nematoda. Nematoda are roundworms that are smooth-skinned with a long 
cylindrical body shape. They are often found in decomposing soil and feed on bacteria 
(Edgley n.d.). In the lab, they are generally fed E. coli and excrete wastes every 45 to 60 
seconds (Hart, 2006).  
 
The feeding behavior of C. elegans is regulated by the quality of its food. They like to chemotax 
towards higher-quality food. The pharyngeal muscle moves the bacteria and transports it to the 
intestine. They consume this food by two feeding mechanisms: pumping of the food inside, and 
isthmus peristalsis that carries food from the corpus to the terminal bulb. When they are full, they 
will stop eating and moving (Avery, L., & You, Y. n.d.). 
 
C. elegans have many genetic similarities to humans, but with a relatively small genome size of 
about one hundred million base pairs (40% of which are homologous to humans) that have been 
completely sequenced in 1998. Their physical size is also small, being only 1mm in length 
(wormclassroom n.d.). A clear outer tube makes them transparent to easily observe. C. elegans 
move by alternating muscles that run the length of the body (Altun and Hall, 2005). They contain 
959 constant cells, 302 of which are neurons that contain the sense and stimuli receptors (Edgley 
n.d.). The sense and motor neurons can be used for the study of drug responses to determine if C. 
elegans has receptors that respond to certain drugs. 

 
The developmental cycle of C. elegans lasts about three days with a life span of about two to 
three weeks (Bargmann, C. 2006). This short cycle makes it easy to study in the lab setting and 



within small time constraints. Experiments can be easily repeated for accuracy and repetition. C. 
elegans are simple, but they can produce complex results that are important in the biological 
world. 

 
C. elegans can detect a variety of chemicals through smell and taste. Chemical signals can cause 
the worm to move towards a stimulus such as food, a process known as chemotaxis. About five 
percent of the C. elegans genome is dedicated to sensing environmental chemicals (Bargmann, 
C. 2006). There are many genes that affect how C. elegans respond to environmental stimuli. 
The worms contain eleven pairs of chemosensory neurons that each detect a certain set of 
stimulants. Chemosensation can be used to find food or other sources of attraction. It has been 
observed that C. elegans respond to a change in attract concentration over time and not 
necessarily to an absolute level of attractant. This means that they have to have memory of 
changing attractant levels. Many organic compounds proved to be attractants including alcohols, 
ketones, aldehydes, esters, and organic acids. In contrast, copper, detergents, and acid pH proved 
to be repelling (Bargmann, C. 2006).  
 
C. elegans contain over one thousand G protein-coupled receptors (GPCRs), many of which are 
chemoreceptors (Bargmann, C. 2006). G protein-coupled receptors are activated by 
phosphorylation through a kinase that eventually leads to a message being sent to the cell. This is 
a common method for cell signal reception and may be a potential pathway for the nicotine 
response. C. elegans lacking a GPCR receptor may not respond to nicotine. 
 
Smoking and nicotine have been associated with decreased appetite and food intake (Jo, Y. 
2002). The most obvious example of this comes from the significant weight gain associated with 
decreased nicotine exposure. Studies have observed a similar effect in lab animals which may 
have an effect on the chemotaxis and stimulus strength of the C. elegans (Jo et. al 2002). 
 
It has been shown that nicotine has a similar effect on response and behavior of C. elegans as it 
does to mammals. The nicotinic acetylcholine receptor (nAChR) in both mammals and C. 
elegans serves as the response mechanism to nicotine. C. elegans lacking the nicotine receptor 
shows no response to nicotine’s effects, because nicotine binds to nAChR. TRPC (transient-
receptor-potential canonical) channels are also another important receptor in regulating nicotine-
dependent behavior and responses. These channels have been observed to regulate nicotine-
induced cellular response in the locomotion of C. elegans (Feng, Z. et. al 2010). 
 
Due to their simple nervous system, C. elegans have been widely used as genetic models to study 
substance dependence (Feng, Z. et. al 2010). Their genetic similarities to humans can be used to 
examine the effects of nicotine on C. elegans and apply it to the understanding of nicotine effects 
on humans, especially considering the common nicotine receptor. Using these advantages and 
the short life cycle of C. elegans, we can examine the effect the addictive agent nicotine has on 
food choice and chemotaxis. Based on the previously observed effects on appetite and behavior, 
it is hypothesized that the untreated C. elegans should chemotax towards E. coli more often than 
nicotine treated C. elegans. The findings can be used to determine the effect nicotine has on a 
person’s appetite by understanding what response nicotine has on the body. We can try to 
understand molecularly what neuron is affected that controls the level of desire for food intake.  
  



MATERIALS AND METHODS 
 

C. elegans Maintenance:  
N2 Bristol worms were obtained from Caenorhabditis Genetics Center (CGC). Worms received 
from the CGC were cut from the original plate of worms with a sterile scalpel onto lab-made 
NGM+OP50 plates as their growing site.  
 
E. coli OP50:   
E. coli OP50 was obtained from Caenorhabditis Genetics Center (CGC). An initial colony was 
streaked using an inoculation loop onto an LB agar plate for colony isolation.  
 
Nicotine:   
Liquid (−)-Nicotine was obtained from Sigma-Aldrich with an original concentration of 1.010 
g/mL, diluted to 0.00103 g/mL used for the treatment of C. elegans. 
 
LB agar:  
LB agar was made using 10g Bacto-tryptone, 5g Bacto-yeast, 5g sodium chloride, and 15g agar 
dissolved in 1L water with a pH of 7.5, then autoclaved. After the plate incubated overnight at 
37oC, a 250mL screw-cap bottle of L broth was inoculated with an OP50 colony. This incubated 
overnight at 37oC.  
 
L broth:  
L broth was made using 10g Bacto-tryptone, 5g Bacto-yeast, and 5g sodium chloride dissolved 
in 1L water with the pH adjusted to 7 using 1M sodium hydroxide and autoclaved. OP50 plates 
and cultures were stored at 4oC.  
 
Nematode growth medium (NGM):  
NGM plates were made using 3g sodium chloride, 17g bacteriological agar, 2.5g peptone, and 
975mL of deionized water in a 2L Erlenmeyer flask. After autoclaving for a little over an hour, 
1mL of 1M magnesium sulfate, 1mL of 5mg/mL cholesterol in ethanol, 1mL 1M calcium 
chloride, and 25mL 1M potassium phosphate buffer were added before pouring enough to cover 
the surface of 10cm plates.  
  
NGM plates were seeded using OP50 culture made earlier. Under sterile conditions, 500µL of 
OP50 culture was pipetted onto the middle of the NGM plate, then spread using a glass hockey 
stick rod. The lawn was centered around the middle of the plate to prevent worms from crawling 
up the sides of the plate and drying out. Seeded plates were incubated overnight at 37oC before 
storing at 4oC. Worms were chunked around day 4-7 of growth to ensure proper survival and 
growth and were maintained at 21oC.  
 
Chemotaxis Assay For Control Wild-Type C. elegans:  
Chemotaxis assay plates were made using 1.6g bacteriological agar mixed in 100mL water then 
autoclaved. After sterilization, 500µL potassium phosphate, 500 µL calcium chloride, and 100 
µL of magnesium sulfate (all made in lab) were added. The solution was poured into 10cm petri 
dishes, cooled at room temperature for 24 hours, then stored in a refrigerator. The plates were 



marked with a spot at the center 1cm slightly below the midline, and two 1cm radius circles on 
opposite sides of the plate (Figure 1). 
 
After two control assays were ran using normal chemotaxis assay plates, NGM plates were used 
for future chemotaxis assays to allow growth of E. coli on the same plate used for chemotaxis. A 
colony of OP50 was spotted in the middle of one circle as an attractant, and allowed to incubate 
at 37oC for at least 48 hours. 2.5mL of S-basal (made using 5.85g sodium chloride, 1g potassium 
phosphate dibasic, 6g potassium phosphate monobasic, 1mL 5mg/ml cholesterol in ethanol, all 
mixed in 1L water, then autoclaved) was used to wash the worms from the plates after 3-5 days 
of worm growth. The worms were transferred to a 2mL microcentrifuge tube with a micropipette 
and washed three times with S-basal and once with water for three minutes each (this allowed the 
worms to settle to the bottom). Washing was performed by removing the supernatant and filling 
the microcentrifuge tube with S-basal or water, respectively. During these washes, 1µL of 
sodium azide was spotted in the middle of both circles on the chemotaxis assay plates. After 
washing with water, about 1mL of worms was pipetted to the middle of the chemotaxis assay 
plate, with excess water removed by slight dabbing with a Kimwipe. The plates were set out on 
the shelf in the lab at room temperature and left untouched for an hour before placing into the 
refrigerator to stop movement of worms.  
 
Figure 1: Control Assays  
 
 

 
 
 
 
 
 
 
 
 
 
 
Chemotaxis Assay For Nicotine-Treated C. elegans:  
NGM plates were marked with a spot in the middle and a 2cm radius circle on one side of the 
plate (Figure 2). A colony of OP50 was spotted in the middle of the 2cm radius circle, then 
incubated at 37oC for 48 to 72 hours to allow for growth. The same worm washing procedure 
was followed as for the control, except an added six minute nicotine wash was performed after 
the wash with water, followed by a final wash with water. The worms were then placed in the 
middle of the plate as before. To isolate the effects nicotine had on the C. elegans, a control 
nicotine assay was performed following the same procedure as other nicotine assays except with 
the absence of E. coli.  
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Figure 2: Nicotine Assays 
 
 

 
 
 
 
 
 
 
 
 
 
 

RESULTS 
 

Control assays were performed to ensure C. elegans was in fact attracted to E. coli on the NGM 
plate used for chemotaxis assays. A total of 14 assays were performed with three unsuccessful 
trials (Table 1). 
 
Control Assays Attracted Not Attracted Total # Worms Percentage Attracted 

1 0 0 0 0% 
2 0 0 0 0% 
3 6 9 15 40% 
4 20 26 46 43% 
5 0 0 0 0% 
6 65 30 95 68% 
7 94 40 134 70% 
8 10 3 13 77% 
9 35 11 46 76% 

10 119 5 124 96% 
11 105 64 169 62% 
12 62 110 172 36% 
13 72 26 98 73% 
14 90 64 154 58% 

Table 1: Data of Control Chemotaxis Assays of C. elegans *Data was collected over a period of many weeks. A Chemotaxis 
assay trial was performed to ensure consistency and accuracy in subsequent chemotaxis assays used for data collection. Chemotaxis control 
assays, which used untreated C. elegans, were performed first with a total of fourteen assays. The amount of C. elegans attracted to the E. coli 
(worms inside marked 1cm radius circle around E. coli was considered attracted) was compared to the amount of C. elegans not attracted to the 
E. coli (worms outside of marked 1cm radius circle around E. coli was considered not attracted). The amount of C. elegans attracted to the E. coli 
was calculated as a percentage. Total amount of worms per plate were counted manually.  
 
Nicotine assays were performed following the control assays (Table 2). The main difference 
between the two was the inclusion of a six minute nicotine wash following the wash with water, 
followed by a final wash with water.  
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Nicotine Assays Attracted Not Attracted Total # Worms Percentage Attracted 

1 0 0 0 0% 
2 40 110 150 27% 
3 8 12 20 40% 
4 0 90 90 0% 
5 0 0 0 0% 
6 0 0 0 0% 
7 0 81 81 0% 
8 0 65 65 0% 
9 0 29 29 0% 

10 0 30 30 0% 
11 0 21 21 0% 
12 0 35 35 0% 
13 0 94 94 0% 
14 0 36 36 0% 
15 0 39 39 0% 
16 0 77 77 0% 

Table 2: Data of Nicotine Chemotaxis Assays of C. elegans * Shaded boxes of data from assays 1 – 3 were not considered in 
the final results because of the different concentration. Following completion of the control assays, sixteen nicotine chemotaxis assays were 
performed. Assays 1 – 3 were used to experiment with the concentration and length of nicotine wash. Beginning with nicotine assay 4, a 1:5 
dilution of nicotine to water was used to wash the C. elegans for six minutes. The amount of C. elegans attracted to the E. coli was compared to 
the amount not attracted. A worm was considered attracted if within the 2cm radius marked circle around the E. coli. A worm was considered not 
attracted if outside of the 2cm radius circle.  
 
Graph 1 was created to compare the average attraction of C. elegans to E. coli in the control 
assays versus the nicotine assays.  
 

  
 
Graph 1: Average Attraction of C. elegans to E. coli *Average attraction of control C. elegans was 50% compared to the 
nicotine-treated C. elegans average attraction of 0%. 
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Further, a nicotine control assay was performed to isolate the potential effects that nicotine had 
on C. elegans to further control for nicotine (Table 3). 
 

Total # of Worms That 
Moved From Origin 

Total # of Worms 

67 67 
Table 3: Nicotine Control Assay Without E. coli * to ensure motility was not affected A single nicotine assay was performed 
following the same procedure as the other nicotine assays except with no E. coli present. 

 
DISCUSSION 

 
The results support the initial condition of the hypothesis that nicotine-treated C. elegans will be 
less attracted to E. coli than the control wild type C. elegans. There was a consistent trend of 
attraction in the control assays that had worms. The mean of attraction for the control assays was 
calculated to be 50% with a standard deviation of only 0.3141. For the nicotine assays, there was 
zero attraction of C. elegans to the E. coli indicating a potential appetite suppressing effect 
nicotine had on the worms.  
 
A nicotine control assay was performed to isolate the effects that nicotine had on the C. elegans 
to ensure the nicotine used was not inhibiting motility. 100% of the worms moved around the 
plate, which proved that nicotine did not inhibit C. elegans motility. E. coli was not present on 
the nicotine control assay which may indicate that E. coli is serving as a non-attractant to C. 
elegans, possibly being repulsed by it.  
 
The results for the nicotine chemotaxis assays proved quite conclusive with a zero percent 
attraction rate of C. elegans to E. coli even with varying amounts of worms on the plate. A few 
assays were performed with no measureable number of worms on the plate, but were still 
counted to ensure consistency in technique.  
 
A significant difference in attraction percentage between the control assays and the nicotine 
assays was determined due to p-value being well below 0.05. The results support the hypothesis 
that nicotine had an appetite suppressing effect on the C. elegans that caused their attraction to E. 
coli to be on average much lower than the non-treated C. elegans. The idea that nicotine has an 
appetite suppressing effects in humans is echoed in the nematode C. elegans.  
 
Many potential sources of contamination were present in the lab during experimentation with a 
constant, random flow of people working in the same area. Age of the C. elegans used for the 
assays were not taken into consideration, which could have an effect on how the C. elegans 
responded to the nicotine. Worms were counted manually by eye potentially resulting in slight 
errors in actual counts.   
 
There are many potential ideas for future work with C. elegans. Caffeine has been proven to 
increase the appetite suppressing effects of nicotine on humans. Research can be done to observe 
if there is a similar effect in C. elegans. Further, the effects of varying concentrations of nicotine 
can be observed on C. elegans to see how much nicotine is required to suppress appetite or if 
there is a gradient effect. To observe the importance of the nicotinic acetylcholine receptor 
(nAChR) in C. elegans, one could obtain knockout worms for the neuronal gene that codes for 



nAChR. In humans, this receptor is activated in the brain by the presence of nicotine, which acts 
as a ligand in a chemical binding signal pathway.  
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