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From discovery to function: The similarities
and differences of neuromodulators

» Neurotransmitter: The classical chemical messenger
» Neurohormone: A hormone that is produced by neurosecretory cells

» Neuropeptide: The small protein-like molecules
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The discovery of neurotransmitter

Reticular theory:

Everything in the nervous
system, such as brain, is a
single continuous network

The majority of synaptic
communication in the
brain was electrical

Neuron doctrine:
The nervous system is
made up of discrete
individual cells

Camillo Golgi
r * \
Popularize '§ =0

Awarded the Nobel Prize in 1906

Santiago Ramon y Cajal

Popularize Discover

Suggested communication via
chemical messengers traversing the
synaptic cleft

A

May, 1888

Awarded the Nobel Prize in 1906,
A pioneer of modern neuroscience

A 20 to 40 nm gap between
neurons
(known today as the synaptic cleft)

From wikipedia



Acetylcholine: the first identified neurotransmitter

Sir Henry Dale
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THE ACTION OF CERTAIN ESTERS AND ETHERS OF
CHOLINE, AND THEIR RELATION TO

First identified MUSCARINE
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© In 1914 From the Wellcome Phyviological Reseorch Loboratories, Hevne Hill
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Confirmed as a neurotransmitter
> Named Vagusstoff (was released from the vagus nerve)

In 1921

Steven H. Zeisel, Ann Nutr Metab. 2012




What Defines a Neurotransmitter?

1. The substance must be present within the presynaptic neuron.
2. The substance must be released in response to presynaptic depolarization, and the
release must be Ca2+-dependent.

3. Specific receptors for the substance must be present on the postsynaptic cell.

.
Application of
transmitter, agonists,
®) or antagonists

-

Neuroscience. 3rd edition



Categories of Neurotransmitters

BIOGENIC AMINES
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Neurotransmitters Receptors

» lonotropic receptors

» Metabotropic receptors(G-protein-coupled receptors)

(A) Ligand-gated ion channels (B) G-protein-coupled receptors
Neurotransmitter
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o'\ o ©
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Neuroscience. 3rd edition



Neurotransmitters Receptors

Table 3-3: lonotropic and metabotropic neurotransmitter receptors encoded by the human genome

Neurotransmitter

lonotropic

Name Number of genes

Metabotropic

Name

Number of genes

Acetylcholine nicotinic ACh receptor 16 muscarinic ACh receptor 5
NMDA receptor 7 )

Glutamate AMPA receptor 4 p;iéaptzg:rzmglal?u}tamate 8
others 7

GABA GABA, receptor 19 GABA, receptor 2

Glycine glycine receptor 5

ATP P2X receptor 7 P2Y receptor 8

Serotonin (5-HT) 5-HT, receptor 5 5-HT1'2I 46,7 receptors 13

Dopamine dopamine receptor 5

MNorepinephrine (epinephrine) a-adrenerg.ic == 6

p-adrenergic receptor 3

Histamine histamine receptor 4

Adenosine adenosine receptor 3

MNeuropeptides neuropeptide receptors dozens

Neuroscience. 3rd edition



Neurotransmitters and Behaviors

—A case study of dopamine



Basic Information of dopamine Q

OH

» Dopamine was first synthesized in Tyrosine oo
N dn—fn, Receptor subtype
1910 by George Barger and James o
Ewens ﬁ D1A
> First identified in the human brain by e oo D1B
{DDYPA] . /y/\\“\“\ CH —éH—{IH
Kathleen Montagu in 1957 /\%T T 5
» Dopamine's function as a -
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In insect

Sleep (min h™")

Dopamine regulates sleep and arousal in Drosophila
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In insect Innate behavior

Increased dopamine level enhances male-male courtship in Drosophila

: A
male-female courtship
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In insect

Dopaminergic Modulation of Sucrose Acceptance Behavior in Drosophila

Hunger and DA Increase the Sugar Sensitivity of the PER
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In insect Learning and Memory

Dopamine regulates learning and memory in Drosophila
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In insect

Dopamine and Octopamine Differentiate between
Aversive and Appetitive Memories in Drosophila

(a) Aversive reinforcement — DA neurons engaged?
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Proc. Natl. Acad. Sci. USA
Vol. 85, pp. 5274-5278, July 1988
Neurobiology

Drugs abused by humans preferentially increase synaptic dopamine
concentrations in the mesolimbic system of freely moving rats
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In human

The effect of abused substances on human ventral striatal dopamine release

Time:

Studying in vivo dopamine
function in humans became
possible in the mid-1990s

Method:

Radiotracer imaging techniques,
such as *C-raclopride positron
emission tomography (PET) and
123]-jodobenzamide (IBZM)
single-photon emission computed
tomography (SPECT)

David J. Nutt etal . 2015
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In mammal -

Dopamine and Reward Prediction Error (RPE)

Dopamine neurons
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Neurohormone: a hormone that is produced by
neurosecretory cells

Sun Mengshi



The first endocrine experiment: Berthold’s experiment in 1849

Arnold Adolph Berthold

Born 26 February 1803
Soest, Germany
Died 3 January 1861 (aged 57)

Gottingen, Germany
Nationality German
Citizenship Germany
Scientific career

Fields Physiology, Zoology,
Medicine (Endocrinology)

Group 1

Castration Castration and
reimplantation
of testis

f )\

|
;,;4
%)

Wy 7
’/;&%}/Z/f
1R/ /

Caponization Normal male
development

Castration and
transplantation
of testis

Normal male
development

Figure 1.3. Nelson, R. J. (2005). An introduction to behavioral endocrinology (3rd ed.). Sunderland, MA, US: Sinauer Associates.
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Edward Calvin Tadeus Reichstein Philip Showalter
Kendall Prize share: 1/3 Hench fOI' reseaI'Ch. .
Prize share: 1/3 Prize share: 1/3

Ernest Starling
British physiologist, 1866-1927

EMBO reports VOL 6 | NO 6 | 2005

Tata, J. 2005. One hundred years of hormones. EMBO reports. 6, 6 (2005), 490—496



Neuroendocrinology An Introduction to
Neuroendocrinology

SECOND EDITION

Michael Wilkinson
Richard E. Brown

b . . . M M Ernst Scharr Berta Sch:
A multidisciplinary subject on the interaction between the i s e (December 1. 1906 - July 23, 1995)
brain and endocrine system and the influence of this interaction
on the behavior of animals and humans.

The first neuroendocrine factors to be identified:

thyrotropin-releasing hormone (TRH) and gonadotropin-releasing hormone (GnRH).



Hormone:
A regulatory chemicaNeurotransmitter secretion (e.g, dopamine)
carried by the blood a
source.

Target cell

g%\q, Action potentlal

Neurohormone :
A hormone that is pro

. Neurohormone secretion (e.g, GnRH)
by nerve impulses.

\\J\’ ; s 3
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Two basic characteris ~/ /4, Ry Target cell
1. They must be suffic N a
information to their ta 5 ) /

L S 4

2. Hormones must be Nontarget cell |

prior to reaching theirs (no receptors) \@/

Source: Hoffman BL, Schorge JO, Schaffer J1, Halvorson LM,
Bradshaw KD, Cunningham FG: Wilkams Gynecology, 2nd Edition
www.accessmedicine.com

Copyright © The McGraw-Hill Companies, Inc. All rights reserved.
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(a) In endocrine signaling, secreted molecules diffuse into the blood-
stream and trigger responses in target cells anywhere in the body.
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(e) In neuroendocrine signaling, neurohormones diffuse into the

bloodstream and trigger responses in target cells anywhere in
the body.

Reece, Jane B., et al. Campbell Biology. Tenth edition. Boston: Pearson, 2014.

1. Raven, Peter H, et al. Biology. Ninth edition. McGraw-Hill, 2011.



Hormones differ in structure and solubility

Water-soluble (hydrophilic) Lipid-soluble (hydrophobic)

Polypeptides Steroids
OH
CH3 =0
HO OH
H3C
(0]
|
0.8 nm
Insulin Cortisol
Amines
HOOC  NH;
/C Hs :
HO N d M
I
OH
HO HO !
Epinephrine Thyroxine

Hydrophilic Lipophilic
Transport proteins
Secr.etory >
vesicles g _ Hormones
°, @ . X Hormones
” O/ﬂ ok N\
@ >

G

Endocrine gland A W N/ Endocrine gland B

Extracellular Extracellular
fluid fluid
Nontarget Nontarget
cells cells
® ) i > ®
Membrane

receptors

Activated Activated

Nuclear

Target cell Targetcell  eceptor

*®

1. Hormones
secreted into
extracellular
fluid and
diffuse into
bloodstream.

2. Hormones
distributed by
blood to all
cells. Diffuse
from blood to
extracellular
fluid.

3. Nontarget
cells lack
receptors,
and cell
stimulation
does not
occur.

4. Target cells
possess
receptors,
and are
activated by
hormones.

5. Unused,
deactivated
hormones
are removed
by the liver
and kidney.

Hormones are eventually destroyed by their target cells or cleared from the blood by the liver or

the kidney.

Reece, Jane B., et al. Campbell Biology. Seventh edition. Boston: Pearson, 2014.
1. Raven, Peter H, et al. Biology. Ninth edition. McGraw-Hill, 2011.



Pathway Example Pathway Example

Pathway Example

(o simpe endcine pty

(b) Simple neurohormone pathway

Response

(c) Simple neuroendocrine pathway

Figure 45.2a—c, Reece, Jane B., et al. Campbell Biology. Seventh edition. Boston: Pearson, 2014.



A case study of drosophila insulin-like peptide (Dilp)

The discovery of drosophila insulin-like peptide:

A specific, high-affinity insulin-binding protein. ; ,
The first insulin receptor dInR. (Petruzzelli L et al. 1985) Insuhp L
from Wikipedia

1 genomic or EST sequencing and bioinformatic data mining

—» Fractional shortening *

DILP1-7 ( Brogiolo et al., 2001)
Heart rate ’

enetic screen vV
1 g —_— M\ Myofibrillar Dysfunctional ostia 4
disorganization
increased
A lipid load Non-contractile regions‘

DILP 8 ( ColombaniJ, 2012, Garelli A,2012)
Regional arrhythmias 4

1 | High-fatdiet , Obesity »  Cardiac lipotoxicity 2 Heart dysfunction

Trends in &

Two relaxin receptor-like GPCRs for DILP (Van Hiel MB,2015)

Lgr3 (CG31096) is the ligand of the relaxin-like DILPS8. (Colombani J,2015)
Diop, S. and Bodmer, R. 2015



O Anatomy and organization of insulin producing cells( IPCs)

Fat body oDILP 2, 3,5
Local release
g oDILP 7
IPCs /@ *DILP 5
Hindgut
7 [ Z &

CC: Corpora cardiaca

Dilp1: in larval IPCs (by in situ hybridization)
Dilp6: predominantly expressed in the fat body
(by Quantitative RT-PCR)

G

RP

Dilp8: Ovary

Rulifson et al. 2002, Hua Bai, et al.2012,
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O Parcital functional roles of IPCs and DILPs
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Extending lifespan due to Dietary Restriction
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Adult fat body dilp6 expression represses dilp2 and dilp5 mRNA in the brain, and the
secretion of DILP2 into the hemolymph
Hua Bai, et al.2012,



Conserved nutrient signaling pathways that regulate longevity
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_Protective and metabolic activities that increase life span Fontana, L. et al. 2010.



* Feeding and foraging
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Reproductive behavior

Insulin signaling in female Drosophila links diet and sexual attractiveness
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Insulin Signaling Regulates Female Sexual Receptivity during Starvation in Drosophila
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* Sleep and Locomotor activity

Regulation of Sleep by Insulin-like Peptide System in Drosophila melanogaster Cong, X. et al. 2015.
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O Extrinsic regulators of insulin-like peptide output in Drosophila.
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Fat body senses the the circulating glucose and amino acid levels, then convey the signals to IPCs in the brain.
AstA, DH31 are signals from midgut.

5-HT1A receptors are expressed in [PCs.

Only metabotropic GABAj receptor and UPD2 inactivates GABAergic neurons.
Knockdown the OAMB in IPCs altered sleep-wake pattern.

Lst are CC-cell-derived decretin hormone that suppresses by high-sugar feeding.

etc. Alfa, R. and Kim, S. 2016.
Nissel, D. et al. 2013.
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Substance P is the earliest discovered neuropeptide in 1931

AN UNIDENTIFIED DEPRESSOR SUBSTANCE
IN CERTAIN TISSUE EXTRACTS.
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DEPRESSOR SUBSTANCES IN EXTRACTS
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The concept of neuropeptide was first proposed by De Wied
In 1969

Neuropeptides

They are short chains of amino acids that are active in
the nervous system. In some cases they transmit signals

between nerve cells and also serve the body as a hormone




The development path of neuropeptide

A substance of unknown chemical
composition has been found to have a
physiological effect

|

The factor has been found to be made up of amino acids

|

The factor has been found to be active in the brain

Thus the factor is revealed as a neuropeptide



Neuropeptide classification by location

Category Name
Brain-gut peptides Glucagon. Neuropeptide Y. Substance P.
Neurotensin
Pituitary hormones ACTH. MSH. Oxytocin. Vasopressin
Hypothalamic releasing factors CRH. GRH. TRH
Opioid peptides Endorphin. Enkephalin. Dynophin
Other peptides Angiotensin. CGRP

Eric, J. N., Steven, E (2009)



The biosynthesis and metabolism of neuropeptide

TRANSCRIPTION

TRADUCTION
_ prépropeptide
o’ R activation du

P
B ¢ 0 2 PEPTIDE SIGNAL
- » ropeptide

— e P

REr NI
z a ENDO-
trans-gol? EXOPROTEOLYSE

2 vésicule

l LDVC

AMIDATION
ACETYLATION

¥

LIBERATION
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peptidases
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Synthetic site: Soma

It requires cleavage of propeptide to form many different
bioactive neuropeptides.

Storage site: LDCV

Neuropeptides can  coexist with  other
neurotransmitters in large vesicles

Release method: EXxocytosis

It depends on a small but continuous increase in
concentration of Ca?*

Metabolic pathway: Enzymatic degradation
Effect modes: Autocrine
Paracrine

Endocrine
Eric, J. N., Steven, E (2009)
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Alternative splicing and post-translational modifications
cause neuropeptide diversity
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Most neuropeptide receptors belong to the G protein coupled
receptor family
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Most neuropeptide receptors belong to the G protein coupled
receptor family
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Neuropeptides have functional diversity

Slower response kinetics

L

neuropeptide

Longer-lasting effects




Neuropeptide F




NPF is an evolutionarily conserved brain-gut peptide

A. Amino acid sequences of members of the invertebrate NPF family.
ok . * ek k%

Drosophila NPF
Aplysia NPF
Lymnaea NPF
Helix NPF
Moniezia NPF .
Artioposthia NPF

B. Sequence comparisons for Drosophila NPF relative to constant amino
acids of members of the NPY / PYY / PP family.

ok
Drosophila NPF
NPY constant
PYY constant
PP constant

XnPXRXnYLXZ LXZYYX4RPRF ‘. Mark, R. Brown (1999)



Diverse aspects of behavior and physiology regulated by NPY in
mammalian

Feeding
Energy homeostasis
Stimulation of food intake
Alcohol consumption

Circadian rhythms
Reproduction

Anxiety
Seizure

Learning and memory




Behaviors regulated by NPF in Drosophila

Innate behavior

-Circadian rhythm
-Reproductive behavior
-Feeding behavior

Internal States

Decision-making

Learning and
Memory




NPF signaling in feeding behavior

» A pair of SOG neurons in the larva expressing
NPF responds to gustatory exposure to sugar

»NPF expression correlates with developmental
stage and is linked to active feeding behavior

»NPF signaling regulates motivation to feed




NPF signaling in courtship and aggression behavior
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NPF signaling in post-mating behavior
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NPF signaling in internal states

Sugar ﬁ

Mating NPF T
Ethanol
NPF is the signal of the
brain’s reward systems
l Motivation Pleasure

dam



NPF signaling in learning and memory
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The differences and similarities between

neurotransmitter, neurohormone and
neuropeptide ®




Chemical Acetylcholine Polypeptides Polypeptides
properties Amino acids Steroids (3-50 amino acids)
Biogenic amines Amines
Purines ...
Synthetic sites Nerve terminals Cell body Cell body
Storage sites Small clear-core vesicles — Large dense-core vesicles
Large dense-core vesicles
Metabolism Enzymatic degradation Liver Enzymatic degradation
Reuptake Kidney
Release Exocytosis Exocytosis Exocytosis
Diffusion
Receptors GPCR Nuclear receptors GPCR
lon tropic receptors Trans-membrane receptors
Secretion Synaptic Endocrine Autocrine, Paracrine,
Endocrine
Effect feature Rapid Longer-lasting Longer-lasting

Longer-distance



Award-winning quiz




What Defines a Neurotransmitter?

1. The substance must be present within the presynaptic neuron.
2. The substance must be released in response to presynaptic depolarization, and the
release must be Ca2+-dependent.

3. Specific receptors for the substance must be present on the postsynaptic cell.

.
Application of
transmitter, agonists,

®) or antagonists

| e
= .
Neurotransmitter
| receptors activated

Neuroscience. 3rd edition



Why is the function of neuropeptides diverse?

@ » Complexity of synthesis process

‘ »Complexity of receptor effects

neuropeptide
<@




Which dilps definitely function as neurohormones

* DILP2
* DILP3
* DILP5




Thank you
7o be continued - -



