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Why alcohol is so addictive?
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Molecular mechanisms of alcohol addiction
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Why use fruit flies as model organisms to study alcohol addiction 7
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Fruit fies have a natural attraction to ethanol
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orco regulates ethanol perception, {Bh is required for olfactory ethanol preference
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The effects of ethanol on locomotion are comparable in flies and mammals
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Fruit flies overcome electric shocks to get ethanol
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Ethanol tolerance and withdrawal reaction
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Conclusions:

 A: Fruit flies sense ethanol through smell and exhibit similar characteristics
of alcohol addiction to mammals.



Whether alcohol addiction is sexual dimorphism ?



Tra acts in developing nervous system to regulate sexually dimorphic ethanol

sedation sensitivity
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Conclusions:

 A: Fruit flies sense ethanol through smell and exhibit similar characteristics
of alcohol addiction to mammals.

« A: Sexually dimorphic ethanol sedation sensitivity is regulated by Tra in
developing nervous system



Ethanol resistance, tolerance, and preference genes identified by one-gene-at-a-time
genetics organize into GO-like gene categories
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How does alcohol affect memory ?



cAMP signaling pathway
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amnesiac and rutabaga regulate ethanol sensitivity by modulate cAMP levels
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PKA inhibition in IPCs increases ethanol sensitivity in the nervous system
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Notch Signaling pathway
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scabrous regulates conditioned ethanol preference assay by Notch
signaling pathways
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Epidermal Growth Factor Receptor (EGFR) signaling affects ethanol-induced
locomotion maybe by mushroom body
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Conclusions:

 A: Fruit flies sense ethanol through smell and exhibit similar characteristics
of alcohol addiction to mammals.

« A: Sexually dimorphic ethanol sedation sensitivity is regulated by Tra in
developing nervous system

« A:Through cAMP _ notch and EGFR signaling pathways in the mushroom
body
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In mammals, the innate immune TLR signaling pathways are activated by ethanol

HMGB1-TLR4
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In flies, the response of the homologous Toll pathway is well-conserved



Alcohol resistance in Drosophila is modulated by the Toll innate immune pathway
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Conclusions:

* A: Fruit flies sense ethanol through smell and exhibit similar characteristics of
alcohol addiction to mammals.

« A: Sexually dimorphic ethanol sedation sensitivity is regulated by Tra in
developing nervous system

« A:Through cAMP _ Notch and EGFR signaling pathways in the mushroom body

* A: The TLR innate immune pathways in mammals;
The Toll innate iImmune pathway in Drosophila
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Alcohol and Dopamine in Drosophila
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The dangers of alcohol
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. Ethanol’s actions in the brain

Acute ethanol-related behavioral changes

» Slowed reaction times

-----

{ T increase » Motor incoordination

et acute ethanol ‘ decrease

Whoing — mp induce » Cognitive impairment occur

Karina P. Abrahao, Armando G. Salinas, and David M. Lovinger. 2017



Chronic changes in behavior
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Effect of ethanol on locomotion
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Neurotransmitter/Modulator systems and molecular targets of ethanol

NEUROTRANSMITTER AND
NEUROMODULATOR TARGETS
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What is the effect of alcohol on dopamine?



Dopamine staining within the brain following 10 min of air or 10 min of ethanol
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Effects of ethanol on PAM DANS
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Drosophila behaviors associated with dopamine

Neuro- Drosophila behaviors References
transmitter *Indicates behaviors
impacted by alcohol

Dopamine  Aggression Alekseyenko et al., 2013
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10; S an
Hirth, 20
Male courtship behavior* Liu et al., 2008; Hoopfer et al
ZU1 7ha al., 2019
Memory removal Berry et al., 2012
Multisensory processing Wolff and Ru 2018

PR 2ab Olfactory learning and memory* Cognigni et al., 2018

Reward signaling* Liu C. et al., 2012; Yamagata et al
-~ ,,'lv, |
Posterior Posterior Salience-based decision Zhang et al., 2007
making
Xie T, et al. 2018 Sleep and arousal* Foltenyi et al., 2007; Van Swinderen
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How does alcohol affect the body through dopamine?



. Alcohol preference and avoidance

» Alcohol avoidance

Flies show experience-dependent ethanol consumption preference
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PPL1 dopamine neurons projecting to the fan-shaped body mediate acute naive alcohol avoidance
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» Alcohol preference

Ethanol preference in flies exhibits features of addiction
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Ethanol is both aversive and rewarding to flies
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Dopamine is required for expression of ethanol reward
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PAM DANSs are necessary for encoding alcohol-associated preference
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Memory expression during retrieval is dependent on a sparse population of DANs
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Known circuitry for neurotransmitters mediating alcohol preference and avoidance
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. Locomotion and Sedation

Pharmacological reduction of dopamine levels decreases sensitivity to ethanol-induced hyperactivity
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TH-positive PPM3 neurons that project to the ellipsoid body promote ethanol-induced hyperactivity

F A 346/ TeTx
A c346/ IMP
124 O c346/Y

o

0 4 8 12 16 20 24

c346 / 'GFP | Fasll Time, min
Js.
A TH/DAT
O o TH/+
PPM1/2 267 o DAT/+
E
€4
' 7”7 a2
\ pPM3 7
0 L} L) L) L)

[
0 4 8 12 16 20 2
Time. min

TH-GAL4 | ‘fip-out' GFP  TH | TH-GAL4/ ‘flp-out’ GFP

Eric C. Kong, et al. 2010



Ethanol-induced sedation is normal in dopaminergic mutants DAT™" and DopRPL00420
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Knockdown of DopECR in neurons enhances resistance to ethanol-induced sedation
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Conclusions

Ethanol acts on numerous molecular targets in neurons and synapses throughout the brain.

The effects of alcohol in fruit flies are similar to mammals.

Alcohol preference is experience-dependent in Drosophila.

PPL1 DAN are required for alcohol avoidance, and need PAM DAN to regular alcohol preference.

PPM3 neurons that project to the ellipsoid body promote ethanol-induced hyperactivity.
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Alcohol and social behaviors




Recurring ethanol exposure induces disinhibited courtship
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Sexual deprivation increases ethanol intake through Neuropeptide F
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Sexual deprivation increases ethanol intake through Neuropeptide F
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Alcohol potentiates the activity of sensory neurons in response to cVa
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Alcohol potentiates the activity of sensory neurons in response to Farnesol
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Ethanol treatment affects post-ethanol aggression through FruM
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Control

Ethanol treatment affects post-ethanol aggression through FruM
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Social isolation restores normal ethanol

sensitivity and synapse number to aru mutant flies
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Summary

« Male flies showed a strong increase in courtship toward other males after
repeated daily ethanol exposures.

« Sexual deprivation increases voluntary ethanol consumption in Drosophila,
and neuropeptide F serves as a key molecular transducer.

 Alcohol odor increases aggression by potentiating the response to cVa in
male flies.

* In male flies, post-ethanol aggression is dependent on the male isoform of
the fruitless transcription factor (FruM).

« Synapse number, which is under both genetic and social control, regulates
ethanol sensitivity of adult Drosophila.



Conclusions:

« Sexually dimorphic ethanol sedation sensitivity is regulated by Tra in developing
nervous system

Alcohol-induced memory problems are partly regulated by cAMP, Notch and
EGFR signaling pathways in the mushroom body

The Toll innate immune pathway can be affected by alcohol

 PPL1 DAN are required for alcohol avoidance, and need PAM DAN to regular
alcohol preference

 PPM3 neurons that project to the ellipsoid body promote ethanol-induced
hyperactivity

Sexual deprivation leads to increased alcohol consumption, and acute alcohol
consumption enhances M-M courtship
Ethanol-enhanced aggression is associated with cVA and FruM in males



— . — —




