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Abstract

A study published on Science showed that male fruit flies, which are rejected by
female flies during courting, tend to take more alcoholic food. The same study also
demonstrates the concurrent decrease of a neurotransmitter Neuropeptide F(NPF) in the
brains of rejected male flies. Therefore, this study is to explore the correlation between
the change of ethanol preference and the decrease of NPF in male fruit flies’ brain after

being rejected by female flies during courting.

Our results showed that the ethanol food consumption response after rejection can
be separated into two stages. Right after the four-day rejection, the male flies actually
avoid ethanol. However, after ethanol consumption, their ethanol avoidance becomes
reversed to ethanol preference that is stronger than normal. Moreover, the rejection also
caused a number of ‘’emotion-like” behavior changes, including courting motivation

and ether consumption.

And the results showed that flies with lower NPF amount in their brains may
change their behaviors similar to those caused by courtship rejection. Thus our results
demonstrated that rejection cause the decrease of NPF, which in turn cause a number of
behavior changes. Therefore, we can argue that fruit flies’ reactions are not only
controlled by “’simple reflex behaviors” but induced by emotion-like behaviors. The

results can potentially help clarify the function of the NPY (NPF’s homolog in human)..
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Rejected male flies avoid ethanol at the beginning,
but are attracted to it after feeding on ethanol
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The PI values for the ether experiment are

similar to the ethanol experiment
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PI Value (%)

Only flies with less NPF neuron activity and rejected
ones have higher preference for ethanol
70
60 T
50
40
30 4
20 A
10 A
0 T T T T + T *_|
u — . —
- I
-30
IS (] N N S S S
& & & o > N N N
éa\eP @‘b ‘\‘:’0\% %*9 Sﬂa x':x\ x‘:\\ x&\
¥ = & N X o
o Na & s Q
P X ¥ o &
» v = & &
I <&

Fig24 #5% ~ B2 PliE
10. NPF *% 4 ¢ # S i3 3 | (2 A 4niE # g )(4e » 12hr)

BER B P G LB NPE A SR MAR R eh e R s o $HIFPE oh
Ap AT TR o MEAAPLAE N BRI EE LR BN

BB N Z i o BLEE P AZ AN ERA S a0t b o

R P T g 0o B2k 20t Reject 20 e NPF-Gal4+UAS-kir2.1 & = 4~

\E

B
iy
W

PP v @ g TP o @ NPF-Gal4+UAS-dTrpAl e g v 4 2

N
]
14
Y
=i
=
&
e
=

26



Both rejected and NPF-Kir2.1 flies
have an obvious disliking for ethanol
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The velocity of flies’ courting

NPF-Kir2.1 flies have the highest motivation for courting
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. Introduction

Motivation

At 2012, a research on Science stated that if male fruit flies are rejected when they
court females; they increase the intake of alcoholic foods. It caught our interests and our
mind starts storming with questions. Do fruit flies have feeling? Do they really go for a
“glass of beer” when they are “dumped”? Alcohol plays a complicated role in the
Nature, it’s a food source for many organisms and it’s also a non-selective depressant.

Thus, we wanted to find out what role does alcohol play in this behavior.

Another point mentioned in the article is that when male fruit flies are rejected by
females, the amount of Neuropeptide F decreases. NPF is a homolog of Neuropeptide Y,
a neurotransmitter already known to affect mammal feeding behaviors and emotions.
Hopefully, we can figure out the relationship and extend our results to other species, for

example, humans.
Background

1. Fruit Flies (Drosophila melanogaster)

Fruit flies are ideal lab
animals. It has plenty advantages

such as small size, short life cycle, § \
|

easy to raise and it only has four

pairs of chromosomes, a tiny *

number compared to us humans.
Fig.1 Male fly (bottom) courting
Fruit flies are also similar to
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humans in memory, senses and learning. Fruit flies share up to seventy
percent of brain diseases we humans have, making it a perfect tool to genetic

and behavior experiments

Courtship behaviors of fruit flies include chasing, contact, wing vibrating
and various movements. When female flies start laying eggs, it refuses to
further mate with other males. Using such behavior, we can control whether

the male flies get rejected or not.

2. GALA4-UAS system

To understand

Enhancer Trap GAL4 UAS-GeneX
the genetic functions ‘ r. | r.
) - ’-

o s X .
of fruit flies, \L
scientists often use

: GAL4

different gene tools />
to achieve their goal. ' Genomic Enhancer ™ GAL4 UAS = GeneX
Among them the

Fig.2 The function of GAL4-UAS system
GAL4-UAS system

is quite frequently used. GAL4 is a transcription factor from yeast and is
inserted into the fly’s chromosome. The GAL4 expression timing and pattern
can be regulated by the adjacent enhancer/promoter element. GAL4 will bind
to the Upstream Activation Sequence (UAS), a transcription factor binding
site, which only responds to GAL4, acting like a key and lock. The
GAL4-UAS binding will activate the expression of the gene fused to UAS.
We can further control the express of different genes in specific tissues by

using different combinations of GAL4/UAS-transgenes. By binding
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NPF-Gal4 with UAS-kir2.1 it activates the potassium channels of NPF
neurons so it can’t depolarize, further decreasing its activity (Baines et al.,
2001;Paradis et al., 2001). While bonding with UAS TrpA1l decreases
potassium activity and enable cells to polarize, resulting in increases neuron

activities (Rosenzweig et al., 2005;Rosenzweig et al., 2008).
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1. Experimental Methods

Instruments and Materials

Materials:
Fruit flies (Drosophila glucose
i ethanol ether fly food
melanogaster) solution
Instruments:
dissecting i i
) capillary (75mmx1.15mm) culturing tubes
microscope
i confocal fluorescence
glass jars ) T-maze forceps
microscope

Fig.5 Dissecting microscope Fig.6 T-maze
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1SN
Fig.7 Confocal fluorescence microscope  Fig.8 Tools for brain dissecting and slide
making

The main Objectives of our experiment

1. To find out which concentration of the ethanol/ether glucose is favorable and

repeat the experiment on the Science Journal. (Stage 1 experiment)

2. To explain why the rejected male flies increase ethanol intake. (Stage 2

experiment)
3. To define what behaviors the NPF controls. (Stage 3 experiment)
4. To figure out whether *’ emotion is involved” or not. (Stage 4 experiment)

Raising process of the males

Behavior Experiment
Rejection

s Glucose
Solution
Isolated- Mated- Reject-lsolated

Group Group Group

Y Y
o “\f/:m ﬁé@ @b
o*

Oﬁﬂ wirgin QQ O’: mated Q

Fiyx10| 1:2 1:2

Fig.7 Raising protocol for different groups of flies

LA
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There are three groups of males used in our experiment:

1. Isolated-group: The flies in isolated group are raised individually and acts as

wild type in further experiments.

2. Mated-group: The Mated group is to mate six hours with females once per day,

with the arrangement of two females versus one male.

3. Rejected group: The Rejected group is scheduled to court female flies that are
laying eggs. So the males will be rejected by these mated females. We place

the male flies with the samenumber of females as the mated group.

These three groups are often used in our further experiments.
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Experimental methods

Stage 1: Ethanol/Ether concentration and the repeat of the experiment on

1)

)

(3)

Stage 2 :

(4)

()

(6)

Stage 3:

(")

(8)

(9)

(10)

Stage 4 :

(11)

(12)

Science

The trend of fruit flies toward normal food and ethanol-containing food

The trend of fruit flies toward normal food and ether-containing food

Ethanol food consumption of the rejected males

Possible function of the ethanol in rejected male flies

Ethanol preference of the rejected male with or without ethanol intake

Mating motivation of the rejected males

Ether food consumption of the rejected males

Behaviors controlled by the NPF

Ethanol food consumption of the NPF-lacking males

Ethanol preference of NPF-lacking males

Mating motivation of the NPF-lacking males

The amount of the NPF in each male group

Emotion-related experiments

Persistent reaction of the males after being rejected

Graduate reaction of the males after being rejected
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Stage 1 : Preparation experiments

1. The trend of fruit flies toward normal food and ethanol-containing food

2. The trend of fruit flies toward normal food and ether-containing food

3. Measure ethanol intake of rejected flies

4.  Climbing experiment for ethanol-fed flies

Stage 2 : Ethanol-related experiments

5.  Fruit flies’ liking towards ethanol

6. Motivation experiment of flies during courting

7. Measure ether intake of rejected flies

Stage 3 : NPF-related experiments

8. Measure ethanol intake of NPF-controlled flies

9. The instincts of NPF-controlled flies toward ethanol

10. Motivation experiment of NPF-controlled flies during courting

11. Location of NPF neurons in a fly’s brain

12. Immunostaining of NPF

Stage 4 : Emotion-related experiments

13. Measure continuous behavior of rejected flies

14. The difference between different time length of rejection
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Stage 1 : Preparation experiments
1. Isitappropriate to use 15% of ethanol?

In the papers we’ve searched, they say that 5~15% of ethanol is most
ideal for ethanol related experiments. To assure that it’s correct, we used the
T-maze we designed to measure the fly’s trend towards different

concentrations of ethanol.

We first place
glucose solution on the 0 0
|

left side of the T-maze,
glucose () 2« glucose g +

and ones mixed with 5_%?; alcohol

. ‘eSier
ethanol on the right, then B A

8 g
a(-ﬁ

we place 100 flies on the

bottom tube. After three minutes, we counted the flies on both sides to know
which food they like better. We repeated the same process once more with the
foods placed on different sides. The concentrations of ethanol we would be
trying would be from zero to a hundred percent, each group increasing by ten

percent, also adding fifteen percent mentioned in the papers.

2. Isusing 15% of ether also appropriate?

We also tried to replace ethanol with ether, but fruit flies might not prefer
the same concentration of ether as ethanol. So to be sure, we repeated the

same process above, but mixed the glucose solution with ether instead.
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3. Do male fruit flies really increase ethanol intake when rejected by females?

To assure that the experiment is repeatable; we followed the steps on the
article and repeated the experiment. We did some adjustments such as adding
an isolated group and set the experiment time to twelve hours. First we raised
the three groups of flies following to the protocol mentioned before. We then
split the twenty flies of each group into to empty culturing tubes. We place the
six tubes with other five empty control group in a shaded area for twelve
hours. After letting the flies starve for an hour, we than replace the sponge on
the tube with ones having four capillaries in them, two containing glucose
solution and the other two with ethanol mixed within. After twelve hours, we
take the capillaries out and measure the weight loss, then transfer it from

grams to milliliters.

Stage 2 : Ethanol-related experiments
4. How do fruit flies act towards ethanol?

It’s actually common for fruit flies to eat ethanol-containing food, for
example, over-ripe fruits. So do rejected flies increase the intake of ethanol
because they want to “get a drink”, or do they just want to eat more food? To
find out, we did the following experiment. We raise the three groups of flies
200 hundred each, and then run the T-maze experiment on them. By
comparing the difference between the groups, we may know if there are

changes of behaviors in rejected flies.

To our surprise, rejected flies avoid ethanol at first contact; acting
differently from the twelve-hour feeding.so we did another experiment. First

we raise two hundred flies for each group, and then divide them into two
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subgroups. The first three groups we ran the T-maze experiment, with ethanol
and normal food on each side, on them after two hours of starvation. Then we
counted the number of flies on each side after three minutes. The other groups,
we fed them both normal food and ethanol food for thirty minutes each after
the two-hour starvation. Then we run the T-maze experiment on them after

another two hours of starvation.

5. Are there other behaviors that changed when flies get rejected?

We were thinking “What if the food choice isn’t the only thing that
changed when flies get rejected?” We imagine that if fruit flies “drink alcohol”
like humans, they might act like us, too. Therefore, we designed an
experiment on the courting behavior of the flies. First we raise four groups of

flies following to the chart below.

e | N S
| m[solation
g -
BEejection
i =)ating
et N S S I
] WIsclation {(4hr)
roetanet
0 1 2 3 4 5 6 7 8 g  Days

Fig9. Protocol for raising the flies in the courting experiment

1. Mated: same as the mated group in ethanol experiment

2. Rejected: same as the rejected group in ethanol experiment
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3. Rejected-ethanol: This group followed the same protocol as the
rejected group, but we fed them an hour of ethanol food before

isolation.

After raising them for four days, we isolate them for four hours before
placing them with females. Then we recorded the time need for them to start

courting female flies.
6. Do male flies also increase the intake of ether after being rejected?

We do not know what kind of role does alcohol play in this behavior, and
there are all kinds of possible conclusions. Ethanol might help by blocking the
neuron signals to make the flies feel “better”. Yet it also might be the
enhancer of a brand new reaction that fights with the current one. We took a
leap in the dark and assumed that ethanol might acts as a depressant for
neurons. We replace ethanol with ether, and then reduced the concentration to
10 % according to our preparation experiments. If the results of the ether
experiment are similar to the ethanol experiment, we may conclude that

ethanol does work as a depressant in the flies’ brains.

Stage 3 : NPF-related experiments

Background

In stage 3, we further extend the experiment to the relation with NPF. Other than
the original three groups of flies, we added five more using the GAL4-UAS system to
control the activity of NPF neurons. The only difference about the ways we raise them,
is that they are raised at the temperature of 30°C in order to trigger the UAS within

them.
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1.

2.

3.

4.

5.

NPF-Gal4+UAS-kir2.1

Disruption of membrane depolarization is a way to silence neurons.
Neurons open voltage-gated sodium channels in response to membrane
depolarization to propagate action potentials or graded changes. UAS-kir2.1
encodes a mammalian inward rectifying K* channel and its expression
provides the most complete suppression of depolarization of the reagents. The
UAS-kir2.1 we used are recombined with other tools to make it temperature
sensitive allowing us to control when to activate it. By raising the temperature

above 28°C we can lessen the activity of NPF neurons.

NPF-Gal4+UAS-dTrpAl

Neurons can be rendered more active by increasing sodium or calcium
conductance, or by reducing potassium conductance. Opposite from
UAS-kir2.1, the temperature activated cation channel UAS-dTrpA1l has been
a powerful reagent to acutely activate neural activity and has been used to
identify neurons involved in sleep and courtship behavior. The acute
activation in response to moderate temperature increase and the sustained
depolarization have made UAS-dTrpALl a favorite tool in many labs. The
temperature for UAS-dTrpAl to active is also at the temperature of 28°C.
Therefore we raised the flies at the temperature of 30°C, allowing both

reagents to activate.

NPF-Gal4+ w1118

UAS-dTrpA1+w1118

UAS-kir2.1+w1118
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The three groups above acts as control group to the first for NPF-Kir2.1
and NPF-dTrpAl. To prove that any difference in behavior is caused by the
combination of Gal4 and UAS, not by one alone. If the change of behavior is
caused by NPF, supposedly the three groups should act similarly to the

isolated group.
Fig.10: To control the activity

of the NPF neurons, we use the

Enhance m x m Gene x NPF‘GaI4+UAS'k|r21 Wthh
4 , Gl 3| can produce protein X to
e — @ increase the potassium

channel’s activity of the NPF
neurons, making the NPF
neurons hard to be activated.

Experiments

At this stage of experiment, we take the eight groups of fruit flies and run three

experiments on them:
7. Ethanol consumption experiment (same process as the third experiment)
8. Ethanol preference experiment (same process as the foruth experiment)
9. Mating motivation experiment (same process as the fifth experiment)

By comparing the results with the results of stage 2, we then can know whether

NPF does or doesn’t affect the behavior of rejected flies.

10. We then tried immunostaining, which stains the NPF itself, allowing us to know

the current amount of NPF in the fly’s brain. The flies we did immunostaining
include rejected, isolated, mated flies and NPF-Gal4+UAS-kir2.1,

NPF-Gal4+UAS-TrpAl flies.
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Stage 4 : Emotion-related experiments

The fact that rejected male flies increase the consumption of ethanol after trying it
caused a questioned stirring in our mind.  “Is it possible that flies have emotions?”
After reading an article called “Two Different Forms of Arousal in Drosophila Are
Oppositely Regulated by the Dopamine D1 Receptor Ortholog DopR via Distinct
Neural Circuits” they defined that “emotion-like behavior” should include three

conditions:
1. Persistent
2. Graduation of intensity
3. Positive and negative reactions

It is these three conditions distinguish the difference between emotional-like
behaviors and simple reflexes. So we designed the following experiments to figure out
whether the actions changed after being rejected fits the three conditions of

emotion-like behavior.
11. Isthe behavior of rejected flies persistent?

We let the rejected flies  “cool down” for one to three days, then re-run
the T-maze experiment on them. Then observe if there are any differences

while the  “cool down” stretches out.
12. Do flies act differently if they were rejected for other periods of time?

We split the flies into three groups. Letting them get rejected for one,
two , and four days. Then we run the T-maze experiment on them, and see if
their disliking for ethanol becomes more intense when rejected for a longer

period of time.
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Percentage of flies (%)

111.Results

Stage 1 : Preparation experiments

15% of ethanol is the highest concentration
that does not cause bias in choice
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Fig.11 The trend of fruit flies toward glucose
solution and ethanol-containing solution

10% of ether is the highest concentration
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Fig.12 The trend of fruit flies toward glucose
solution and ether-containing solution

1. First we need to find
out if it is true that flies
prefer ethanol
concentrations around
5~15%. We place normal
flies into the T-maze and
recorded the flies on either
side of the tube, while
decreasing the
concentration by ten from

100 to 0.

In Fig. 12 we can see
that fruit flies avoid food
with high concentrated
ethanol. At the point
between 10~15%, the ratio
of the flies on both sides
are closest to 1:1. Hence it

is appropriate using 15% of

ethanol in experiments. The reason we chose 15% instead of 10% is to increase the

difference as much as possible, yet still within acceptable range.
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2. We used ether instead of ethanol in several experiments to check if flies accept the
same concentration of ether as ethanol. Therefore, we repeated the same experiment

above but replaced ethanol with ether.

We can see in Fig.12 that the chart for ether concentration is highly similar to the
ethanol concentration. However, we decided to use 10% of ether to run experiments.
The reason is though it seems that flies accept 15% of ether, their body can’t withstand
the chemical effect and faints before consuming it. If this happens, we fail to know
whether the rejected flies really prefer ether over glucose, or they simply don’t have the

chance to refuse since they fainted right away.

3. To further extend our experiments, we need to first assure that the experiment
mentioned in the article is repeatable. We followed the same steps mentioned and

repeated the feeding experiment.

The PI value of rejected flies are
much higher than other groups
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Fig.13 The PI value of the flies’ consumption
Pl= (ethanol intake - glucose intake)/ total intake x 100%
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The Pl value in Fig.13 is defined as the percentage of ethanol consumption
subtracting the percentage of glucose. The 40% of the rejected group means 70% of

ethanol food intake minus 30% of normal food.

The result shows that rejected flies prefer eating ethanol food rather than glucose.
The isolated group acts similarly to the mated group, meaning that the isolation during

fly-raising is not the main reason causing the change of behaviors.

Stage 1 Summary

After testing the flies’ liking toward ethanol and ether, we decided to use 15% of
ethanol and 10% of ether in our future experiments. We choose the maximum
concentrations for both solutions that would not cause bias in the flies liking, so if there
was a change in their choice, it would cause a larger difference then it will in lower
concentrations. We were also certain that the feeding experiment was repeatable and did
not have dramatic changes when repeated. Finally we decided to let flies feed on
ethanol for one hour and rest for four hours in future experiments based on results of the

climbing experiment.
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Stage 2: Ethanol-related experiments

4. We were curious about whether flies increase ethanol preference right away after
being rejected. So we did an experiment using the T-maze. We separated the rejected
group into two subgroups. In the first group, right after the four-day rejection, we put
them in two the T-maze for three minutes to test their ethanol preference. In the second
group, we forced them to consume ethanol food for one hour before putting them into

the T-maze. (We also repeat the process above and toward.

Rejected male flies avoid ethanol at the beginning,
but are attracted to it after feeding on ethanol
/—\ *%
S 40 - \
% \
‘_§ 20 | ® Without ethanol
Z \ intake
[a
T T e
0 . 1 ;
20 f * A. After ethanol intake
**
-40 - /
**x
-60
\ Rejected / Mated Isolated

Fig. 14 T-maze experiment

The result showed that the males avoided ethanol food right after the four-day
rejection. However, after we forced them to consume ethanol food, the rejected male’s

ethanol preference was reversed to stronger compared with other groups.
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5. We wondered if it is possible that flies may act differently towards females when
being rejected. We raised three groups of flies including rejected, mated, and rejected
flies fed with ethanol. We fed the “Reject-ethanol group” ethanol for an hour and let

them rest for four before letting them court with females.

Rejected flies are more active during courting than

males, but the enthusiasm decreases after drinking
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Fig.15 Time needed for flies to court females

We see in Fig.15 that rejected flies are more active than mated flies when it comes
to courting. But if the flies happen to eat ethanol food before courting, its enthusiasm

decreases dramatically.
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6. We supposed that ethanol have two possible roles in the nature. One acts as a food
source for many organisms, another is a depressant that blocks neurons signals. To find
out, we repeated the twelve-hour feeding experiment but used ether, a depressant that

organisms don’t eat as food, instead.

The PI values for the ether experiment are
similar to the ethanol experiment
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Fig.16 The PI value of the flies’ consumption

According to Fig.16, we can see that flies have a similar liking for ether and

ethanol.
Stage 2 Summary

1. Ethanol food consumption response after rejection can be separated into two
stages. Right after the four-day rejection, the male flies actually avoid ethanol.
However, after ethanol consumption, their ethanol avoidance becomes

reversed to ethanol preference that is stronger than normal.
2. The function of the ethanol might be signal blocking.

3. The rejected males will increase their courting motivation after being rejected.
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Stage 3: NPF-related experiments

7. Inthe article it mentioned that the amount of NPF decreased in the brains of
rejected flies. So we wanted to find out if NPF control the ethanol consuming behavior
in drosophila. We repeated the experimental process as the experiment.3 and added five
groups to GAL4-UAS segments in them. Among the five, NPF-GAL4+UAS-Kir2.1
suppressed the activity of NPF neurons, and NPF-GAL4 +UAS-dTrPA1 did otherwise.

The rest acted as control groups.

Flies with less NPF neuron activity acts similar to rejected flies
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Fig.17 The consumption of ether and glucose

We can learn from Fig.17 that flies with lower NPF neuron activities act similarly
to rejected flies. This means that the activity of NPF neurons can control male flies

ethanol food consumption.
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8.  We can infer from the former experiment that flies with lower neuron activities

may appear similar to rejected ones. Then, does the amount of NPF in brain affect the
ethanol preference in drosophila? We took the eight groups of flies and ran the ethanol
preference experiment for the first subgroup on them, recording the flies on both sides

when placed into the tube after two-hour isolation.

Eoth rejected and NPF-Kir2 1 flies
have an obvious disliking for ethanol
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Fig. 18 T-maze experiment

From Fig.18 we can see that although NPF -Kir2.1 and rejected flies are not
completely identical. Both groups decrease their ethanol preference before ethanol
intake. And the increase of neuron activity (NPF- TrpAl) does not make a huge

difference to the flies’ behavior, just like mated flies.
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9. We also tried the courting experiment on the GAL4-UAS flies.

o NPF-Kir2 1 flies have the highest motivation for courting
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Fig.19 Courting experiment

From the chart (Fig.19) we can see that the motivation for NPF-Kir2.1 flies to
court females is the strongest among the groups, and the results of NPF-TrpALl flies are
similar to mated flies. We can therefore conclude that the activity of NPF neurons can

control the male’s mating motivation.

10. Inthis experiment, we stained the NPF protein with antibodies with green
fluorescence. Then scan the amount of NPF in the flies’ brain in rejected, isolated, and

mated flies.

Rejected group Isolated group Mated group

Fig.20 Locations of NPF in the brains of rejected, isolated, and mated flies
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Fig. 21 The area of NPF
proteins

In Fig. 21 we can see that the
amount of NPF in mated flies
nearly doubled the amount in
rejected flies. So it is true that
when Male flies are rejected by
females, the amount of NPF in
their brain does decrease.

We then stained the fly brains of NPF-Gal4+UAS-Kir2.1 and

NPF-Gal4+UAS-dTrpal flies, to make sure that the activity of the NPF neurons do will

influence the amount of the NPF.

NPE-Gal4+UAS-Kir2.1

NPF-Gal4+UAS-dTrpal

o

Fig.22 The locations of NPF in the brains of
NPF-Gal4+UAS-Kir2.1 and NPF-Gal4+UAS-dTrpal
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Fig.23 The area of NPF proteins

The activities of NPF neuron is related to

the amount of NPF In Fig. 23 we see that the
45000 NPF-Gal4+UAS-Kir2.1 males have
40000 lower NPF amount compared with
35000 the NPF-Gal4+UAS-dTrpal.
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Stage 3 summary

In the experiments in stage four, we discovered that the lacking of NPF has similar

effect on flies in mating motivation, ethanol food consumption, and ethanol preference

as rejected flies.
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Stage 4: emotion related experiments

After the experiments done in stage 1 to 3, we can’t help but think whether it is
possible for fruit flies to have feelings and emotions. After research, we found an article
titled “Two Different Forms of Arousal in Drosophila Are Oppositely Regulated by the
Dopamine D1 Receptor Ortholog DopR via Distinct Neural Circuits” talking about
emotion-like behaviors of fruit flies. In it they defined that “emotion-like behaviors”
contain three properties: 1. Persistent 2. Graduation of intensitity 3. Valence(positive or
negative emotion state). Therefore, we designed the first and the second experiment

based on the first and the second properties.

11. The first experiment is to see if the behavior is persistent. In the first group, we

isolated the rejected from males after four-day rejection for zero to two days, and put
them into the T-maze for three minutes to test their ethanol preference. In the second

group, we isolated the mated males for zero to two days and tested their ethanol

preference in three minutes.

The flies” disliking for ethanol maintains

even when put aside for two days
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Fig.24 T-maze experiment on rejected flies that rested for different days
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In Fig.24 we can see that the ethanol preference change in the rejected males can
last for two days. According to the result, we can know that the behavior after being

rejected is persistent.

12. The next condition is the graduation of intensity for the behavior. We split the flies
into three groups, letting them get rejected for one, two, and four days. Then we ran the
T-maze experiment on them, and saw if their disliking for ethanol would become more

intense when rejected for a longer period of time.

The disliking for ethanol increases when
T 60 flies are rejected for a longer period
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Fig.25 T-maze experiment on flies rejected for different days

We can see from Fig.25 that the more days the males got rejected, the more
significantly their ethanol preference will change more significantly. So the behaviors

after rejection do have a graduation of intensity.

Stage 4 Summary

After the two experiments, we can assume that the behaviors that occurr after
being rejected are persistent and have different levels of intensity. And from the T-maze
experiment we did in stage two; we can see that rejected flies have positive and negative
preferences. Therefore we can conclude that those behaviors correspond to the

“’emotion-like behavior”.
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V. Discussion

Fig. 26 is a flow chart based on the article published on Science. And Fig. 27 is our

new discovery compared with the path way Science article proposed.

NPF decrease after B Increases ethanal
rejected intake

Fig. 26 Article stated that the NPF amount in flies decrease
and the ethanol intake increases

1. Avoids eth | )
NPF decrease voids ethano 1. Increases ethanol

2. Increases mating preference

after rejected

motivation 2. Decrease mating

motivation

Feeding
on

ethanol

Fig.27 We discovered that flies have different reactions to ethanol in Stage 1 and 2

According to our results, we can roughly split the flies’ behavior into two sections,
before and after the first time they consume ethanol. And we can see that there is a
dramatic change of behavior in the two sections. Flies decrease ethanol preference right

after they get rejected, but increase ethanol preference after the ethanol intake.

But why do rejected flies avoid ethanol for the first contact? In our courting
experiment, we can see that rejected flies feeding that had fed on ethanol court less than
mated flies. So we made a assumption that it may be possible that the flies avoid ethanol
to be more competitive, when the rejected males tend to increase their ethanol

preference and decrease their mating motivation.
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Supposedly alcohol acts as a depressant and blocks the signals of NPF, but that
does not explain why their ethanol preference is reversed to stronger instead of
returning to normal. It is possible that alcohol has more than one role in this behavior,
and we will try different methods to find out in the future. For example, we may feed

them other drugs instead of alcohol or try using dopamine to control their emotions.

In stage 4 we go through experiments to see whether the behavioral change in
being rejected counts as emotion-like behavior. And the results showed that the reaction
after the males got rejected do correspond to the ‘’emotion-like behavior”. However,
there are still two possibilities to explain why rejected male flies increase ethanol intake

even when it might only block the NPF signals, returning their behavior to normal.

1. The lacking of NPF creates a signal similar to the bad feelings of humans
in the males’ brain. After the male flies consumed the ethanol food, they
learned that the ethanol could transfer their emotion state from negative

to positive and tended to take more alcoholic food.

2. While of inhibiting the signal transmission of neurons, ethanol and ether
also causes another reaction either creating another neuropeptide or
stimulating production itself. It ends up with the same effect as the

increasing of NPF and possibly drives the flies to consume more ethanol.
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V. Conclusion

After the males get rejected (or the activity of the NPF neurons decreases), they

will decrease their ethanol preference and increase their mating motivation.

If the males consume ethanol food after being rejected, they will increase their

ethanol preference and decrease their courting motivation.

NPF can control male flies’ ethanol food consumption, ethanol preference and

mating motivation.

The reaction after the males got rejected corresponds to the “’emotion like

behavior™.

Decreased activity of NPF Male flies get rejected
neurons by females

Blue line : The path way the

\ Feeding on
ethanol

2. Decreases
courting
motivation

Science article inferred | Decrease of NPF in
| fly brain
[
' ' N
| 1. Decrease ethanol preference
I 2. Increases courting activity
I J/
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|
|

1. Increases ethanol
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Fig.27 Newly discovery of present study compared with the data published on
Science
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