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What is biogenic amines?

@® Biogenic amines are nitrogenous organic bases of low molecular weight with
biological functions in animals, plants, microorganisms and humans.

® Their formation is the result of the breakdown of free amino acids by amino acid
decarboxylase.
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Classification of biogenic amine receptors in Drosophila

Receptor Classification

|
Octopamine Tyramine
| |
OAMB | |
Octa,-R Octa,-R OctB-R Tyr1-R Tyr2-R Tyr3-R
(a,-adrenergic-like) (a,-adrenergic-ike) (B-adrenergic-like)
TCa"1 cAMP | cAMP OA>TA  TcAMP OA>TA lcAMPTA>OA T Ca"TA 1 cAMP TA > OA
OA>TA 1 ca® OA2TA | 1 Ca” OAZTA 1 ca” TA>OA
Oa2 Oct1-R  Octf2-R  OctB3-R
T cAMP T camp T cAamP
OA>TA OA>TA OA>TA
dopamine receptor octopamine and tyramine receptor
Avanes A, et al. Biochem Pharmacol. 2019 Hana S, et al. Front Physiol. 2017
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Contribution of the serotonergic system in model animals

1. A brief introduction of the serotonergic system in Drosophila

— Z M
2. The regulation of different behaviors by serotonin in Drosophila
— 5K
3. Serotonin and disease treatment in animal models
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A brief introduction of the serotonergic system
In Drosophila

» How is serotonin synthesized and acts in vivo?
» What is the mechanism and significance of serotonin recycling?

» How does the serotonergic system interact with other aminergic systems?



The pathway of serotonin synthesis

SEROTONIN CYCLE
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The pathway of serotonin function
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A map of 5-HT neuron clusters in the central brain
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« The adult fly brain contains ~90 serotonin-releasing neurons,
and that 11 neuronal populations can be distinguished per
hemisphere.

5-HT-
5-HT cell cluster positive
ALP 60
AMP 2D
ADMP 2+0
LP 24 £ 3
SEL 10 + 2
SEM 10 +3
PLP 4 +(
PMPD 6+ 0
PMPM 13 2
PMPV 14 +3
2> 5-HT neurons 91 = 13

Pooryasin A, et al. J Neurosci. 2015



A map of 5-HT neuron clusters in the central brain

A)

« They can label a smaller number of neurons and even
achieve single neuron accuracy, better characterizing
serotonergic neuronal projection.
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Serotonin is acting not only as a classical neurotransmitter, but also as a neurotrophic factor
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Interaction between serotonin and brain-derived neurotrophic factor (BDNF)
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Serotonin transporter (SERT) co-localizes with 5-HT in the larval and adult CNS

Aa

5-HT expression in the larva and adult dsert RNA expression in the larva and adult

It seems that 5-HT and dSERT are expressed in the same

group of cells. Giang T, et al. J Neurogenet. 2011



Serotonin transporter (SERT) co-localizes with 5-HT in the larval and adult CNS

dSERT and 5-HT expression in the larva CNS

dSERT and 5-HT expression in the adult brain
The overlap of dSERT and 5-HT expression sites suggests

that all serotonergic neurons express dSERT and vice versa. Giang T, et al. J Neurogenet. 2011



SERT functions as an important factor in the reuptake of serotonin
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Selective serotonin reuptake inhibitors (SSRIs) are widely used as medicines for depression

MECHANISM OF DEPRESSION
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Five 5-HT receptors have been found in fruit flies, which play different roles
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Interaction of the serotonergic and other aminergic systems
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Interaction of the serotonergic and other aminergic systems
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summary

® Biogenic amines are nitrogenous organic bases of low molecular weight with
biological functions.

DA, OA, TA, 5-HT, HA.

® Serotonin also plays a key role as a signaling/trophic factor in early
development.

® SERT Is an important component of serotonin regulation and is a target of
SSRIs.

® The serotonergic system interacts strongly with other aminergic systems.



The regulation of different behaviors by
serotonin in Drosophila

» What behaviors can 5-HT regulate?

» Where do 5-HT neurons function?

» What are the differences and connections between different
subtypes of serotonin receptors in regulating behavior?

L/K



Elementary knowledge of 5-HT

SAD LOP

COOH

NH,

N
N
H

L-Trytonhan
Trytophan hydroxylase
(Trh)
COOH

HO NH,

A\

N

H
5-hydroxy-L-Trytophan
(5HTP)
Amino Acid
‘ Decarboxylase

HO NH,

XN

N

H
5-hydroxytryptamine
(5HT, Serotonin)

Trh:B TR EE
AADC: B Bk 2 B

Qian, Yongjun et al. eLife. 2017



5-HT affects the basic states of Drosophila



Activation of serotonin neurons may cause slower walking speed
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The complex role of serotonin in regulating locomotion of Drosophila
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5-HT has a complex regulation mechanism for sleep
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5-HT7 receptor neurons are involved in regulating sleep structure but do
not affect the total amount of sleep
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5-HT affects learning and memory in Drosophila



Serotonin is crucial for spatial memory formation in fruit flies
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Serotonin is crucial for spatial memory formation in fruit flies
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Serotonin is crucial for spatial memory formation in fruit flies
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Neuron

Local 5-HT signaling bi-directionally regulates the
coincidence time window for associative learning

Coincidence Time Window
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5-HT bi-directionally regulates the coincidence time window of olfactory learning
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5-HT signaling affects synaptic plasticity in Drosophila brain
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5-HT from the DPM neuron bi-directionally modulates the coincidence time window
of olfactory learning
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5-HT regulates sociality in other model animals
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In brief

Maternal affiliation by infants is the first
social behavior. Liu et al. have discovered
a role for serotonin in this behavior
conserved from mice and rats to
monkeys. Serotonergic neurons from the
raphe nucleus innervates oxytocinergic
neurons in the paraventricular nucleus
with serotonin acting upstream of
oxytocin in maternal affiliation.
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Tph2 mutant affects maternal affiliation in rat pups
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Maternal affiliation by Tph2—/— infant rhesus monkeys

C
-H
1 1
Tph?  ++ - A - ! Hi2s
Behavior  separation  ventral contact
i video
D Anesthetized Mother E Awake Mother F
* ke s Tph2+ / +
6007 ez . 6001 .

O . @ ; LED LED

N e

= 4001 . = 400

e . ] =
- — L

£ 200 £ 200 ; S : v
& 2 -t >“ 1 -

Tph2 +/+ -/~ Tph2 +/+ -/- ST
Awake mother Awake mother i i o i s
l%
6004 - - 500 - *
400 -
400 - —

Duration (s)
Duration (s)

. 200 " _
100 i_i video
0- 0

saline  pCPA e = + Tph2—/- Liu, Yan et al. Neuron.2023
Drug saline 5-HTP




Oxytocinergic neurons downstream of serotonergic neurons in regulating affiliation
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Summary

 Serotonergic neurons are involved in the regulation of many behaviors in
Drosophila melanogaster, such as locomotion, sleep, aggression, and memory

formation.

« Different serotonin receptor subtypes may have different regulation of the same

behavior in Drosophila.



Serotonin and disease treatment In animal models
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Questions:

1.The treatment principle of serotonin related diseases

2.What are the serotonin-related diseases in model organisms
(. elegans

* Danio rerio

* Mus

3.Serotonin-related drugs for use

?/

\



1.The treatment principle of serotonin related diseases



5-HT Synthesis, Metabolism and its receptors
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2.What are the serotonin-related diseases in model organisms
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Integrated Serotonin and Octopamine Neuronal Circuit Directs an Endocrine Signal to Control Body Fat
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Dissecting the functional organization of the C. elegans serotonergic system at whole-brain scale
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Distribution and chronotropic effects of serotonin in the zebrafish heart
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Serotonin-BDNF-NGFR axis enables regenerative neurogenesis in Alzheimer’'s model
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A genetically encoded sensor for measuring serotonin dynamics
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The laboratory focuses on the research of new neurotransmitter receptors, and has independently developed high-efficiency

fluorescent probes for acetylcholine, dopamine, norepinephrine, adenosine and other neurotransmitters in recent years.
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Disease activity index (DAI)

Disruption of autophagy by increased 5-HT alters gut microbiota
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The serotonin theory of depression

< .v HTRIA auloreceptorsT, heteroreceptorsl)
\

\
N sINMDAR ==,
\'E}Iu l”"/*&, BD\NI' l : i
R g \'\ - Depression  o¢p: Obsessive Compulsive Disorder
“~AMPAR l\::fi/v R SCZ: Schizophrenia
- 5 MHA: Migraine Headache
Neuronal plaSthltyl ADHD: Attention Deficit Hyperactivity Disorder
agonists DD: Depression Disorder il
GAD: General Anxiety Disorder oo

ASD: Autistic Spectrum Disorder

A summary of the major nervous system diseases
associated with dysfunctions in serotonergic receptors

Wang HQ, et al., Pharmacol Res. 2021 Pourhamzeh M, et al.,Cell Mol Neurobiol, 2022



5-hydroxytryptamine regulates hematopoietic stem and progenitor cell survival
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3.Serotonin-related drugs for use



SSRIPrescription antidepressants——Inhibit serotonin reuptake into presynaptic cells

Citalopram ( Lundbeck)

Escitalopram oxalate (Lundbeck)

Fluoxetine ( Lilly)
Fluvoxamine (Abbott Solvay)
Paroxetine (GSK Plc)

Sertraline (Pfizer)
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Postsynaptic neuron

Better clinical efficacy and Escitalopram Sertraline
tolerability
Quickest effect Escitalopram
The most exciting effect Fluoxetine Sertraline
The most calming effect Fluvoxamine Paroxetine
Best treatment for anxiety Paroxetine
Best tolerated Escitalopram Sertraline

http://www.guidetopharmacology.org/GRAC/FamilyDisplayForward?familyld51
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summary:

1.Serotonin has been linked to many diseases, and it has been extensively studied in model organisms
* (. elegans: Cisplatin-induced neurotoxicity. Body Fat
* Danio rerio : Autonomic cardiac control, Dravet Syndrome. Alzheimer's Disease

*  Mus: Enteritis. Depression, Hematopoietic stem and progenitor cell survival

2.Technology has been developed to detect serotonin activity in real time

3.SSRI drug targets — inhibit serotonin reuptake into presynaptic cells and increase serotonin levels in the synaptic

gap



What can we learn from this journal?

@® Serotonin is acting not only as a classical neurotransmitter, but also as a neurotrophic factor. But these
studies have focused mainly on mammals.

® The complex cellular and molecular roles of amines are not yet fully understood, and the interactions
between amines should not be ignored when conducting related studies.

® Exploring the co-regulation of different serotonin receptor subtypes in Drosophila Drosophila is a focus
of current research.

® The distribution of serotonin neurons in different locations may regulate the same behavior in different
directions.

® The receptor of serotonin is an important target for many diseases, and there is much room for
exploitation.

® Technology has been developed to detect serotonin activity in real time.
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