
The Effects of Variations of Sleep Patterns and Circadian Clock Chronotype 
Alterations on the Addictive Behaviors, Specifically the Consumption of High 

Percentages of Ethanol, Odor and Taste Preferences to Ethanol, Resistance 
Built Against Ethanol, and High Alcohol Dehydrogenase Levels, of Drosophila 

melanogaster

PURPOSE
The purpose of this experiment is to induce various sleep patterns and circadian clock chronotype 

alterations in Drosophila melanogaster in order to see which is most susceptible to Alcohol Use Disorder. In 
each assay, the negative control is wild type Drosophila with an unaltered sleep cycle and the positive control is 
Clk mutant Drosophila with an unaltered sleep cycle. In the Knockdown, FRAPPE, and Alcohol Dehydrogenase 
assays, the independent variable is the sleep cycle of the Drosophila; whereas in the Odor Preference and CAFE 
assays, the independent variable is the concentration of ethanol for each sleep cycle group. The dependent 
variable is the time it takes for the Drosophila to fall to the bottom of the inebriometer in the Knockdown assay, 
the amount of ethanol consumed to total liquid consumed—written as a percentage—in the FRAPPE assay, the 
Alcohol Dehydrogenase enzyme activity in the Alcohol Dehydrogenase assay, the amount of larvae in each 
sector of the 3D-printed dish in the Odor Preference assay, and the length of the solution consumed after a five 
day feeding period in the CAFE assay. 

HYPOTHESIS
If Drosophila’s sleep patterns and circadian clock chronotypes are environmentally altered, then the 

Drosophila with the Evening Chronotype will build the most resistance to ethanol, and have the highest Alcohol 
Dehydrogenase levels, and the Drosophila with the Sleep Deprived Chronotype will consume the highest 
percentages of ethanol, and have the highest odor and taste preferences to ethanol.

RESULTS/CHARTS/GRAPHS
Alcohol Dehydrogenase Assay

Figure 5: The data cannot be separated into clusters.

Sum Sq Mean Sq F-statistic p-value
129.1 18.44 1.274 0.294

Table 8: In order to have some statistical evidence of this fact an ANOVA test was run, in which the null 
hypothesis is that all the means are equal, therefore the alternative hypothesis is that there are differences 
among the means. It can be seen that there is not enough statistical evidence to reject the null hypothesis 
that the means are equal among each other at the confidence level (alpha=0.05) 95%.

• All photos were taken by the researcher.
• All graphs and graphics were designed by the researcher.

Figure 15. This photograph depicts the finished Sleep Regulating Machine, complete 
with the servo motor, micro controller, shaft, Real Time Clock, vial clamps, and 3D-
printed machine case

Figure 13. This photograph depicts the 
assambled inebriometer which is connected to 
the ethanol vaporizer.

Figure 12. This photograph depicts a side view of the Drosophila on the 
clear 24-well microplate during the fifteen minute period.

Figure 11. This photograph depicts two 
Drosophila in one of the wells filled with 
Rhodamine B post-compound, in the 
FRAPPE assay.

Figure 3: There is no difference between the sleep cycles. 

CAFE Assay

Table 3: In a similar way to the Odor Preference Assay, to have some statistical evidence of the existence of 
these clusters the correlation coefficients for each pair of sleep cycle was computed. The grid above shows 
that there is no statistical difference between these chronotypes, since the correlation coefficient for each 
pair is 1 except for five correlation coefficients which are 0.99, these are not statistically different from 1.

Figure 2: The data from the Odor Preference assay is separated into three clusters: one consisting of the 
Clk Mutant, Sleep Deprived pattern, and Disrupted Sleep pattern, another consisting of the Evening and 
Moon chronotypes, and the last consisting of the Wild Type, Sun chronotype, and Morning chronotype. 

Odor Preference Assay

Table 2: Of the three clusters observed in Figure 2, the first two preferred higher concentrations of ethanol, 
where the first cluster showed the highest ethanol preference, with at least 15 out of the 20 larvae preferring 
the 45% concentration. In order to have statistical evidence of this statement, the correlation coefficients 
for each pair of sleep cycles were computed, which is represented in the table above. The Correlation 
Analysis also indicated that the third cluster is negatively correlated with the other sleep cycles, meaning 
that they have opposing preferences in regards to ethanol.Knockdown Assay

Figure 1: It can be seen that the Evening chronotype has the largest average knockdown time. It was tested 
the hypothesis that the Evening chronotype is more resistant to ethanol vapor by testing that the average 
knockdown time for the Evening chronotype is larger than that of any other. The null hypothesis is that 
average knockdown time for the Evening chronotype is less than or equal to that of any other. This will 
require seven t-tests, one for each of the following sleep cycles: Wild Type, Moon, Sun, Morning, Sleep 
Deprived, Disrupted Sleep, and Clk Mutant.

 Evening Wild Type Moon Sun Morning Sleep 
Deprived

Disrupted 
Sleep

Clk 
Mutant

mean 1189 849.8 866.1 986.3 1002 770.1 860.2 952.1
std.dev 248.8 149.5 188 58.56 115.1 70.62 89.12 99.4
N 10 10 10 10 10 10 10 10
t-statistic 3.698 3.276 2.511 2.163 5.124 3.937 2.798
p-value 0.001102 0.002261 0.01544 0.02513 0.0001953 0.001109 0.00816

Table 1: The column marked Evening contains the mean, standard deviation, and sample size (N) for the 
Evening sleep cycle. All the other columns contain the corresponding values for all other sleep cycles, plus 
the t-statistics and p-value of the associated t-test, in which the mean of the Evening sleep cycle is 
compared against the mean of the corresponding sleep cycle. As can be seen from the last row (p-values) 
there is enough statistical evidence to reject the null hypothesis, in all cases with a confidence level of 
(alpha=0.05) 95%.

FRAPPE Assay

Figure 4: The data from the FRAPPE assay is separated into three clusters: one consisting of the Evening 
chronotype, Morning chronotype, and Clk Mutants, another one consisting of the Moon chronotype, Sun 
chronotype and Disrupted Sleep pattern, and the last consisting of the Wild Type and Sleep Deprived 
pattern.

Sum Sq Mean Sq F-statistic P-value
5483 783.3 326.4 <0.001

Table 2: We can see there is enough statistical evidence to reject the null hypothesis that all the means are 
equal with a confidence level of (alpha=0.05) 95%.

 Wild Type Sleep Deprived
mean 41.7 43.53
std.dev 1.501 1.687
t-statistic -1.814
p-value 0.1078

Table 3: It can be seen there is not enough statistical evidence to reject the null hypothesis that the mean of 
Wild Type and Sleep Deprived sleep cycles are equal with a confidence level of (alpha=0.05) 95%

 Sun Moon Disrupted Sleep
mean 51.83 50.97 56.74
std.dev 1.423 0.6653 1.076
t-statistic 1.226 -6.149
p-value 0.2688 0.0003662

Table 4: It can be seen there is not enough statistical evidence to reject the null hypothesis that the mean of 
Sun and Moon sleep cycles are equal with a confidence level of (alpha=0.05) 95%. Also from the table 
above it can be seen there is enough statistical evidence to reject the null hypothesis that the mean of Sun 
and Disrupted Sleep sleep cycles are equal with a confidence level of (alpha=0.05) 95%.

 Clk Mutant Morning Evening
mean 71.87 73.68 67.9
std.dev 1.971 2.407 0.8919
t-statistic -1.304 4.098
p-value 0.2299 0.007455

Table 5: It can be seen there is not enough statistical evidence to reject the null hypothesis that the mean of 
Clk Mutant and Morning sleep cycles are equal with a confidence level of (alpha=0.05) 95%. Also from the 
table above it can be seen there is enough statistical evidence to reject the null hypothesis that the mean of 
Clk Mutant and Evening sleep cycles are equal with a confidence level of (alpha=0.05) 95%.

Drosophila melanogaster make excellent model organisms, and have been used in behavioral scientific 
experiments for over a century. There are now numerous companies that sell Drosophila for low prices, and the 
price of maintaining the flies are also very low as they require very little care. They are also easy to handle, and 
easily anesthetized. Drosophila Melanogaster are sexually dimorphic, meaning the males and females can be 
distinguished by appearance, which is important in many scientific experiments. Their life cycles are quite 
short, which can be beneficial to an experiment as they mature faster, and therefore will multiply quickly. 
Drosophila eggs will hatch the day after being laid (day 1), and the day after that they will start their next life 
stage, first instar (day 2). This period is only one day long, but second instar starts the following day (day 3), 
followed by third instar which is two days long (days 4 and 5). Pupal formation, which consists of the prepupal 
stage and ends in the pupal stage occurs days 6 and 7. Adult flies will then emerge from their pupa case, this 
stage is called eclosion (days 11 and 12). Females become sexually mature 8-10 hours after eclosion, and can 
lay up to 100 eggs a day.

Drosophila make great models for alcoholism for many reasons. They rapidly learn cues and contexts that 
predict the availability of highly rewarding drugs. Drosophila are actually quite similar to mammals in, not only 
their behavioral response to ethanol, but also their molecular pathways. Additionally, Drosophila also show a 
remarkable preference for ethanol in many ways, such as laying their eggs on ethanol, moving towards ethanol 
by sensing its odor, and showing a preference for food that contains ethanol. Lastly, almost the whole 
Drosophila melanogaster genome is known and sequenced (estimated to be around 98% completed), and the 
majority of human genes have a Drosophila ortholog, which is extremely beneficial when working with genetic 
mutations. 

Approximatley 25% of people around the world suffer from addictions and drug abuse. Almost 74% of 
these people suffer from Alcohol Use Disorder, making it one of the most widely abused drugs. Alcohol Use 
Disorder produces crushing social, medical, and financial burdens, making it a major worldwide medical issue. 
The rewarding properties of drugs and alcohol contribute to the development of abuse and addiction. The 
persistent nature of memories associated with intoxication experiences often induces cravings and triggers 
relapse in recovering individuals. Causes of alcoholism are widely disputed, many of which include mutations 
caused by environmental changes and triggers. Circadian clock mutations are one of the probable causes of 
Alcohol Use Disorder and are caused by environmental changes.

BACKGROUND
Animals, plants, fungi, and even some prokaryotic organisms all have daily rhythms in behavior, 

physiology, metabolic activity, and gene expression. These rhythms are not determined by external 
environmental cycles, but rather are determined by endogenous circadian clocks that keep time even without 
natural time signals. External environmental cycles are, yet, still required to entrain these clocks so they initiate 
rhythmic procedures at the proper time of day. In animals, circadian clocks dwell in an assortment of tissues, 
sensory structures, and various internal organs. Not only do all clocks control rhythms in gene expression, but 
some also control tissue-autonomous rhythms in physiology and digestion/metabolism, while others will 
structure systems of clock tissues that control rhythms in behavior. There are three essential parts of a circadian 
clocks: an input pathway that gets environmental signs/cues and transmits them to the circadian oscillator, a 
circadian oscillator that keeps circadian time and initiates output pathways, and output pathways that control 
numerous metabolic, physiological and behavioral procedures.

There are certain genetic mutation that can cause circadian clock disruptions, such as the CLK mutation. 
When the circadian clock is mutated, it can have numerous disastrous effects. One of those effects is insomnia 
or sleep deprivation. Chronic insomnia is generally defined as difficulty initiating or maintaining sleep for a 
long period of time. Not only is sleep deprivation a symptom and effect of substance abuse, specifically alcohol 
abuse, but alcohol use disorder can be an effect of insomnia. People who suffer from insomnia and sleep 
deprivation tend to take sedatives as medicines. In the past, alcohol was widely used as a sedative for inducing 
sleep and taking away pain, but overuse of alcohol or any other sedative can lead to addiction, substance use 
disorders, and can actually worsen sleep cycles, which was the opposite of what they were intended to do.

Rapid eye movement (REM) and non-REM sleep (NREM) are the two states of sleep. NREM sleep is split 
into four stages. Stage 1 is the lightest stage, and therefore when in this stage, it is easy to be woken up. Stage 3 
is a middle stage which transitions to stages 3 and 4. Stages 3 and 4 are known as slow wave sleep or delta sleep 
by electroencephalogram (EEG). Sleep normally starts with stage 1 sleep, and advances to more profound 
stages of NREM when primary stages of REM occur. REM and NREM will then interchange in around 90 
minute cycles. The states of sleep are homeostatically controlled to such an extent that lack of REM sleep leads 
to pressure to enter REM and is followed by a rebound increment in REM once started. Similar impacts are seen 
after slow wave sleep deprivation (stages 3 and 4 of NREM). Alcohol is a REM inhibitor, and can have serious 
negative effects on not only sleep deprivation and insomnia, but the overall quality of sleep a person obtains 
decreases enormously. The negative changes in sleep quality is quite evident when alcohol is consumed within 
an hour before going to sleep, or when taken in high doses, but that aside, is also apparent when any alcohol is 
ingested.

F i g u r e 6 . T h i s 
photograph depicts the 
assembled Feeding Tube, 
used for the CAFE assay, 
after the five day feeding 
period.

Figure 10. This photograph depicts the 
beginning of the fifteen minute feeding 
period in the FRAPPE assay on the clear 24-
well microplate after being loaded with the 
Rhodamine B and Fluorescein post-
compounds, which correlate respectively to 
ethanol and distilled water.

Figure 8. This photograph depicts the twenty 
larvae on the Dish, prepared for the Odor 
Preference assay

Figure 14. This image depicts the CAD file used to 3D-print 
the case structure for the Sleep Regulated Machine. The two 
sides hold the circuitry: the cables, the servo motor, the micro 
controller and the Real Time Clock. The center holds the 
lights that turn on and off at different times throughout the day 
in an effort to imitate the pattern of the sun in a relative time 
line.

Figure 7. This photograph depicts a 
capillary tube being measured for the 
CAFE assay after the five day feeding 
period.

Figure 9. This photograph depicts the samples of the 
Alcohol Dehydrogenase assay after thirty minutes of 
enzyme reaction. 

FUTURE RESEARCH
There are a variety of ways in which the present experiment can be modified. The majority of these 

alterations can be carried out by adjusting sections of each assay protocol. For example, in the Knockdown 
assay, instead of doing one pre-exposure to ethanol, the Drosophila could be recovered after the first run, and the 
assay could be run four more times with a one day recovery period between each of the five runs. This new data 
would be used to determine which chronotype builds the most resistance to ethanol over the course of five 
exposures. Furthermore, the data from the two versions of the Knockdown assay could be compared to see 
whether or not the chronotype which built the most resistance remained the same. Those results would determine 
whether or not one chronotype built the most resistance over the course of five exposures to ethanol and built the 
most resistance after one pre-exposure to ethanol. Another example of modifying an assay protocol would be 
measuring the capillaries in the CAFE assay every twelve to twenty-four hours within the five day period, since 
it could be observed that each variable consumed varied amounts of each concentration initially, but after the 
five days had passed, the Drosophila all developed a preference for the higher concentrations of ethanol. Rather 
than removing the capillary tubes after the five day period, measuring them more frequently can be achieved by 
taking photographs of the capillaries with a ruler for reference in the background. Additionally, the Alcohol 
Dehydrogenase assay could be run four more times, using Drosophila from each variable that were pre-exposed 
to ethanol one, two, three, and four times, in addition to using Drosophila that were never exposed to ethanol. 
This new data would determine if any variable or variables develop greater levels of Alcohol Dehydrogenase 
activity after repeated exposures to ethanol. Another example of an adjustment that could be made in the Alcohol 
Dehydrogenase assay would be to take readings at smaller intervals of time, rather than just at the initial time 
and after thirty minutes. After plotting the points for readings taken every five minutes, a standard curve could 
be made, which could be used to determine the Optical Density of the samples at any given time. Using this new 
data, any time between the initial time and time thirty (excluding the extremes) could be used as a replacement 
for the time thirty reading when the Alcohol Dehydrogenase activity is calculated. This would account for the 
possibility that the samples could have reached a peak level of enzyme activity during the thirty minute reaction 
period, since any value could be substituted for that of thirty minutes. An alternative form in which the 
experiment can be modified is through the creation of completely separate experiments, which have branched off 
of its central concept. For example, the experiment could be repeated using second, third, fourth, and fifth 
generation of Drosophila placed in the Sleep Regulating Machine, in addition to using the first generation 
Drosophila. In order to do this, the Drosophila would be transferred into the Sleep Regulating Machine for four 
days, the adult Drosophila would be transferred to a new vial, as they would have already attained their 
chronotype or sleep pattern, and the larvae would be left to hatch while on the Sleep Regulating Machine. This 
would be done to observe if any behaviors, such as those of Alcohol Use Disorder, would be amplified in any 
future generation. Furthermore, the experiment could be repeated using the second generation Drosophila whose 
sleep cycles will remain unaltered. This new data could be compared to the current data collected, in an effort to 
observe if the data from a variable of the second generation matches that of the same variable or another variable 
in the first generation, which would determine whether or not the chronotype or sleep pattern maintained the 
same from one generation to another, meaning that they are or are not hereditary. Lastly, the Clk mutant 
Drosophila could be placed in the Sleep Regulating Machine, in addition to placing the wild type Drosophila in 
the Sleep Regulating Machine, resulting in fourteen variables, rather than eight. The seven variables that used 
wild type Drosophila were the four chronotypes, two sleep patterns, and one group of unaltered wild type 
Drosophila (negative control). The only variable that used Clk mutant Drosophila was the group of unaltered Clk 
mutant Drosophila (positive control). The variables using Clk mutant Drosophila could be expanded to include 
the four chronotypes and two sleep patterns. The data collected from this new experiment would show whether 
or not the circadian mutation can be corrected through sleep cycle alterations. 

APPLICATIONS
The experiment was designed using Drosophila melanogaster since they are an ideal model organism, and 

have been used in behavioral scientific experiments for over a century. Drosophila constitute excellent model 
organisms for humans due to the fact that their behavioral responses and molecular pathways are remarkably 
similar to those of mammals. Another advantage of using Drosophila as a model organism would be the fact that 
around 98% of its genome is known and sequenced. Additionally, the majority of human genes have a 
Drosophila ortholog, which is extremely beneficial when working with genetic mutations, such as the Clk 
mutation, which occurs on an ortholog of the human CLOCK gene. Drosophila can also be adequately used for 
modeling disorders, such as Alcohol Use Disorder, for various reasons. For instance, Drosophila rapidly learn 
cues and contexts that predict the availability of highly rewarding drugs. Furthermore, Drosophila show a 
remarkable preference for ethanol after prolonged or repeated exposure. Approximately 25% of people around 
the world suffer from addictions and drug abuse, and almost 74% of these people suffer from Alcohol Use 
Disorder, making it one of the most widely abused drugs; therefore, getting a better understanding of the causes 
as well as ideas for prevention would be instrumental in decreasing its prevalence in today’s society. This 
experiment can help the group of people that are aware of their genetic predisposition to drug abuse by 
prompting them to decrease their exposure to risk-factors of Alcohol Use Disorder, through the avoidance of 
certain sleep cycles. The data in the experiment did not point to one specific cycle as being the most high-risk 
due to the fact that each assay was targeting a different aspect of the behaviors of Alcohol Use Disorder. The 
Evening chronotype built the most resistance to ethanol and show the strongest natural odor preference for the 
45% ethanol, which indicates a high-risk of Alcohol Use Disorder. On the other hand, the Sun and Morning 
chronotypes show the lowest natural taste preference to ethanol and were the least resistant to the ethanol vapor, 
which indicates a low-risk of Alcohol Use Disorder.

LIMITATIONS
Like in any other scientific experiment, limitations were present. An example that exists in every 

experiment is the amount of trials conducted. Increasing the amount of trials will make the data more statistically 
robust, resulting in a better analysis of the data. Ten trials for each of the eight variables were conducted for the 
Odor Preference assay, where each trial consisted of twenty larvae; therefore, the sample size of the entire Odor 
Preference assay was one thousand six hundred larvae. Whilst an increase in the number of trials would have 
been beneficial to the statistical analysis, it would not have been feasible to collect a greater amount of larvae 
than that of which was collected in this experiment. Ten trials for each of the eight variables were conducted for 
the CAFE assay as well, however each trial consisted of five adult Drosophila; therefore, the sample size of the 
entire CAFE assay was four hundred adult Drosophila. Due to a limited number of Feeding Tubes and the length 
of the assay, increasing the number of trials was not possible, however, a more plausible solution would be to 
change the amount of adult Drosophila in each Feeding Tube from five to ten; therefore, the new sample size of 
the CAFE assay would be eight hundred adult Drosophila. Ten trials for each of the eight variables were 
conducted for the Knockdown assay, where each trial consisted of five adult drosophila; therefore the sample 
size of the entire Knockdown assay was four hundred adult Drosophila as well. Due to the fact that the 
Drosophila must be observed the entire duration of the assay, in order to record the knockdown times of each of 
the five Drosophila per trial, it would not have been managabled to increase the number of Drosophila per trial. 
It also would not have been reasonable to run more trials, as each took around thirty minutes, resulting in a total 
of forty hours for the eighty trials (excluding the fifteen minute cleaning period between each trial). Five trials of 
Working Reagent for each of the eight variables and five trials of Blank Working Reagent for each of the eight 
variables were conducted for the Alcohol Dehydrogenase assay, where each trial was one well on a clear 96-well 
microplate. The assay kit protocol only required one trial of Working Reagent for each variable and one trial of 
Blank Working Reagent for each variable, due to the fact that each well was loaded with the exact same 
solutions; however five trials were done of each Reagent for each variable in order to account for any errors with 
the microplate reader, or imprecise measurements. Ten trials for each of the eight variables were conducted for 
the FRAPPE assay, where each trial was one well on a black 96-well microplate. Similar to the Alcohol 
Dehydrogenase assay, since each well in the FRAPPE assay was loaded with the exact same solution, 
Drosophila tissue supernatant, it was only necessary to do one trial for each variable; however ten trials were 
done for each variable in order to account for any errors with the fluorometer, or imprecise measurements. A 
possible limitation in this experiment was that in the CAFE assay, the Drosophila were in the Feeding Tubes for 
a period of five days, and the Feeding Tubes were not on the Sleep Regulating Machine. Due to this, the 
Drosophila could have lost their acquired chronotype or sleep pattern, resulting in possibly skewed data. Lastly, 
in the FRAPPE assay, Drosophila were placed in Starvation Vials for a period of 12-18 hours, and then in 
Dehydration Vials for a period of 2-3 hours; however, the exact times were determined by lab hours. As a 
consequence of this, some variables were starved or dehydrated for longer periods than others which could have 
resulted in them being prone to consuming larger amounts of liquid. In order to account for this limitation, the 
data was converted from fluorescence intensity to nL consumed, and then the final data was recorded as ethanol 
consumed to total liquid consumed, written as a percentage.

CONCLUSION
The hypothesis can be separated into five parts, one for each assay, respectively: Knockdown, Alcohol 

Dehydrogenase, CAFE, Odor Preference, and FRAPPE. The statistical analysis of the Knockdown assay (Table 
1) indicates that the mean knockdown time for the Evening chronotype Drosophila is significantly higher than 
that of any other sleep cycle. Therefore, this data supported the part of the hypothesis corresponding to the 
Knockdown assay, which stated that the Drosophila with the Evening chronotype will build the most resistance 
to ethanol. The knockdown assay was run at the same time for each sleep cycle, approximately 20:00-23:30, 
since this is the peak time of alcohol consumption. The high levels of resistance built to ethanol vapor of the 
Evening chronotype Drosophila could be due to the fact that they had the longest combined period of non-
Active (Slow and Regular) speed level. The data also shows that Sun and Morning chronotypes behave in a 
very similar manner, having almost identical means and very similar distribution of the data (Figure 1). The 
Drosophila with the Sleep Deprived pattern fell in the shortest period of time (Figure 1), which supports the 
correlation between lack of sleep and low ethanol resistance. After statistical analysis, it can be observed that 
the data from the Odor Preference assay is separated into three clusters of sleep cycles: one consisting of the 
Clk Mutant, Sleep Deprived pattern, and Disrupted Sleep pattern, another consisting of the Evening and Moon 
chronotypes, and the last consisting of the Wild Type, Sun chronotype, and Morning chronotype (Figure 2). Of 
these three clusters, the first two preferred higher concentrations of ethanol, where the first cluster showing the 
highest ethanol preference with at least 15 out of the 20 larvae preferring the 45% concentration, and the rest 
preferring the 30% concentration. Additionally, the fact that the Disrupted Sleep pattern and Sleep Deprived 
pattern were clustered with the Clk mutant, indicates that a circadian rhythm alteration can be induced without 
having a circadian clock mutation. On the other hand, the last cluster preferred the lower concentrations of 
ethanol, showing a clear preference for the 0% and 4.5% concentrations. We can also observe that third cluster 
is negatively correlated with the other sleep cycles, meaning that they have opposing preferences in regards to 
ethanol. The statistical analysis for both the CAFE and ADH assays (Figures 3,5 and Table 6) led to the 
conclusion that the difference between the sleep cycles was not statistically significant. After statistical 
analysis, it can be observed that the data from the FRAPPE assay is separated into three clusters of sleep cycles 
(Tables 2,3,4,5): one consisting of the Evening chronotype, Morning chronotype, and Clk Mutants, another one 
consisting of the Moon chronotype, Sun chronotype and Disrupted Sleep pattern, and the last consisting of the 
Wild Type and Sleep Deprived pattern. The first cluster showed the highest preference for ethanol since the 
average percent of ethanol consumed was significantly higher, the second cluster showed equal preference for 
ethanol and water since an approximately equal amount of ethanol and water was consumed, and the third 
cluster showed the lowest preference for ethanol since the amount of water consumed was higher than that of 
ethanol (Figure 4). This also supports the hypothesis related to the FRAPPE assay.

ERROR ANALYSIS
With any experiment, there is the possibly that numerous measurement errors occurred during data 

collection. For example, a majority of the experiment consisted of measuring or detecting extremely small 
quantities of a variety of substances, using equipment such as the fluorometer, microplate reader, centrifuge, 
caliper, or micropipette; however, regardless of how precise the instrument is, there will always be a lack of 
accuracy. Furthermore, in the CAFE assay, there were some instances in which bubbles formed within the 
capillary tubes. Since those bubbles can be considered solution that the Drosophila consumed, the size of any 
bubble or bubbles which formed within a capillary tube was estimated, and then added to the length of the 
solution consumed by the Drosophila. Additionally, human error is always present in every aspect of preparing 
and collecting data for each of the assays. For instance, in the CAFE assay, there is a slight possibility that the 
solutions within the capillary tubes evaporated slowly throughout the five day feeding period. Due to the fact 
that ethanol evaporates faster than water, the higher concentrations could have a greater amount of solution 
missing due to evaporation, although it appears to be due to the Drosophila’s consumption of the solution. 
Lastly, due to the fact that loading technique for the clear 96-well microplate in the Alcohol Dehydrogenase 
assay was not efficient, there was a difference of around ten minutes, the amount of time it took to complete the 
loading process, in the reaction time of the samples. Due to this, the reaction times for the samples from the 
initial reading would be anything between zero and ten minutes, depending on when they were loaded (ten 
minutes being the first and zero being the last), and the reaction times for the samples from the time thirty 
reading would be anything between thirty and forty minutes, depending on when they were loaded (forty being 
the first and thirty being the last). However, in order to convert the data from Optical Density, which is what the 
microplate reader uses, to enzyme activity using the Alcohol Dehydrogenase Activity Formula, the difference 
of the time thirty reading and time zero reading must be taken for each sample. Therefore, the inefficiency of 
the loading technique should not influence the results, unless the samples reach their peak level of enzyme 
activity within the thirty minutes.

METHOD/PROCEDURE
1. Breed and maintain wild type Drosophila and Clk mutant 

Drosophila
2. Construct the Sleep Regulating Machine
3. Upload the program for one of the variables into the Sleep 

Regulating Machine
4. Insert ten vials of wild type Drosophila into the Sleep 

Regulating Machine vial clamps
5. Remove the vials from the Sleep Regulating Machine after 

four days of synchronization
6. Repeat steps #3-5 for each variable
7. Run each of the five assays

a. CAFE Assay
b. FRAPPE Assay
c. Knockdown Assay
d. Alcohol Dehydrogenase Assay
e. Odor Preference Assay

6. FRAPPE Assay
a. Rhodamine B
b. Fluorescein Sodium Salt
c. Clear 24-well microplates
d. 96-well microplate
e. Fluorescence band pass filters

i. Rhodamine B
1. Excitation: 545/40
2. Emission: 620/40

ii. Fluorescein
1. Excitation: 485/20
2. Emission: 528/20

f. Fluorometer
7. Knockdown Assay

a. Inebriometer
i. Cylindrical tube (length = 122 cm, 

diameter = 7.62 cm)
ii. Eight 3D-printed diffusers
iii. Ten 3D-printed baffles
iv.Petri dish

b. Ethanol vaporizer
i. 500mL Erlenmeyer Flask
ii. Size #7 Rubber Stopper - Two 

Holes
iii. Two 1mL glass pipettes
iv.Bunsen Burner
v. Plastic tubing
vi.Air pump
vii. 3D-printed funnel
viii. Ring stand
ix.Utility clamp

8. Alcohol Dehydrogenase Assay
a. Alcohol Dehydrogenase Assay Kit

i. Assay Buffer
ii. NAD Solution
iii. MTT Solution
iv.Diaphorase
v. Substrate
vi.Calibrator

9. Odor Preference Assay
a. 3D-printed plate
b. Cotton
c. Five concentrations of ethanol (0%, 

4.5%, 15%, 30%, 45%)

1. Drosophila Maintenance
a. Wild Type Drosophila
b. CLK Mutant Drosophila
c. Vials and plugs
d. Drosophila food

i. Nutri-Fly Drosophila Agar
ii. Propionic acid and hydrochloric 

acid (preservative)
e. Embryo Collection Cages
f. Grape Agar Plates

i. Nutri-Fly Grape Agar Premix
ii. Petri dishes
iii. Yeast-paste

2. Drosophila Tissue Supernatant Collection
a. Dounce homogenizer
b. Liquid nitrogen
c. 1X PBS
d. Centrifuge

3. General
a. Micropipettes
b. Multichannel micropipettes
c. Micropipette tips (for both types of 

micropipettes)
d. Electronic pipettors
e. Pipettes (for electronic pipettors)
f. Carbon Dioxide Drosophila Anesthetizer 

Stations
g. Laboratory freezer
h. Distilled water
i. Adult Drosophila (for CAFE, FRAPPE, 

Knockdown, and Alcohol Dehydrogenase 
assays)

j. Larvae (for Odor Preference assay) 
4. Sleep Regulating Machine

a. 3D-printed machine case
b. Servo motor
c. Microcontroller
d. Axle
e. Real Time Clock
f. Vial clamps

5. CAFE Assay
a. Five concentrations of ethanol (0%, 

4.5%, 15%, 30%, 45%)
b. Powdered red pigment
c. Capillary tubes
d. Feeding tubes with caps
e. Caliper

MATERIALS

Alcohol Dehydrogenase Assay

FRAPPE Assay

CAFE Assay

Odor Preference Assay

Knockdown Assay


