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Organs & cells within the body communicate with one another
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Scientific Origins and Interests

PWN neuron

Appetite Satiety

NPY-AGRP
neuron

POMC neuron

Leptin
receptor

Ghrelin Ghrelin

Nasrallah & Horvath, 2014 Srinivasan et al., 2004
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Genomic Revolution 2000s - date
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Shared genes and genetic ancestry between species!




Uncovering new aspects of the gut-brain axis, at scale

Caenorhabditis elegans

¢ Similar genomes, powerful genetic and molecular tools
+» Speed - life cycle, lifespan, size
¢ Scale — genes x drugs x phenotype in living animals




Uncovering new aspects of the gut-brain axis, at scale
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Uncovering new aspects of the gut-brain axis, at scale
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THE GUT-BRAIN AXIS, METABOLISM & LONGEVITY

or, what a tiny nematode can tell us about biology and medicine

The neurotransmitter serotonin is a principal driver of fat loss
* Discovery of a brain-to-gut messenger: a Tachykinin peptide

* Discovery of a gut signal induced by fasting : a novel Insulin

Translating — from basic to clinic
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Serotonin is a principal driver of fat loss

CO,H HO
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Serotonin is made in neurons
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Serotonin is made in neurons and controls fat in the intestine
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Serotonin is made in neurons and controls fat in the intestine
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Serotonin drives fat loss by increasing energy expenditu re

. RIC
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Intestinal lipid droplets

ATGL ATGL

FAD

RIA
FADHZ
NAD
NADH
Acetyl CoA
bs cycle (2
Krebs Cycle
Y o,
NADH + FADH,

Oxidative Phosphorylation rADP +0
ATP = energy

Srinivasan et al, 2008 PMID 18522834
Noble et al 2013 PMID 24120942
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A genetic screen to discover the brain-to-gut signal ...
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A hunt for the brain-to-gut
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... revealed a role for a conserved Tachykinin peptide

Tachykinin
Receptor
NPR-22
R

\IC MAM"
Ty

URX ADF ATGL ATGL

\)ASI4/

Intestinal lipid droplets

tachykinin peptide, FLP-7

Palamiuc et al2017 PMID 28128367




Tachykinin is the brain-to-gut signal for fat loss

Pheromones
Nty 00

NPR-22 NPR-22

v v Noble et al 2013 PMID 24120942

ATGL ATGL Witham et al 2016 PMID 26876168
C% o Hussey etal 2017 PMID 28545126
Palamiuc et al 2017 PMID 28128367

INTESTINE Hussey et al 2018 PMID 29579048
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Tachykinin is the brain-to-gut signhal for fat loss and increases
energy expenditure*
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Tachykinin sighaling coordinates metabolism and longevity

5-HT
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Littlejohn et al, 2020 PMID 33078707




Tachykinin sighaling coordinates metabolism and longevity

5-HT
100- —
o FLP-7%s e .
o £ 80
c
W\& NPR-22 » 60-
Intestine _|. § 40+
HLH-11 o
g £ o
Stored ** p<0.001
lipids 8) ATGL-1 ATFS-1 0 . ,
f_J \_\v 0 10 20 30
Y DAYS
MFtat OX'd?‘“?_” Mito stress response mmm \Vild-type (N=107)
ito respiration Longevity FLP-79:hih-11(0k2944);

atfs-1(tm4525) (n=99)

Littlejohn et al, 2020 PMID 33078707

THE
‘1 FRONT

ROW

at Scripps Research




Tachykinin signaling coordinates metabolism and longevity
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THE GUT-BRAIN AXIS, METABOLISM & LONGEVITY

or, what a tiny nematode can tell us about biology and medicine

The neurotransmitter serotonin is a principal driver of fat loss
* Discovery of a brain-to-gut messenger: a Tachykinin peptide

* Discovery of a gut signal: a novel Insulin

Translating — from basic to clinic
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Discovery of a gut sighal
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A genetic screen to discover the gut-to-brain signal ...
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... uncovered an insulin antagonist secreted during fasting
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... uncovered an insulin antagonist secreted during fasting
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Liu at al, 2024 PMID 39127676




... uncovered an insulin antagonist secreted during fasting
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also controls lifespan

... uncovered an insulin antagonist secreted during fasting that
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Which specific bacterial signhals control gut insulin?
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The gut-brain axis is rich with hidden signals




THE GUT-BRAIN AXIS, METABOLISM & LONGEVITY

or, what a tiny nematode can tell us about biology and medicine

The neurotransmitter serotonin is a principal driver of fat loss
* Discovery of a brain-to-gut messenger: a Tachykinin peptide

* Discovery of a gut signal induced by fasting : a novel Insulin

Translating — from basic to clinic
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The Tachykinin Receptor NK2R in mammals
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The Tachykinin Receptor NK2R in mammals
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The Tachykinin Receptor NK2R in mammals

5-HT

4 hTACHZ
®e FLP'7AS'{ Cluster 45: Intestine - Digestion
e W\&NPR-ZZ
niestine
l A _
ATGL-1 g
=

Pripr=-22: npr-22-:GFP

UMAP1 /"\ mNK2R 2




The Tachykinin Receptor NK2R in mammals can be modulated

Lys-Asp-Ser-Phe-Yal —Nﬁ

NKA4-10 L )
W\.\ﬁ‘/hﬂet—NHz

0
endogeneous PAM agoPAM allosteric agonist
agonist
= =
) 0B 4
{ Y \ {3
i i | ) A
o= - Ly
Signaling pathways A+B  Signaling pathways A+B 4 Signaling pathways A+B 4 Signaling pathways A+B

H Mel S:
GR159897 G

PMID: 35863587

THE
‘1 FRONT

ROW

at Scripps Research




NK2R control of energy expenditureand
feeding totreat metabolic diseases
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THE GUT-BRAIN AXIS, METABOLISM & LONGEVITY

or, what a tiny nematode can tell us about biology and medicine

The neurotransmitter serotonin is a principal driver of fat loss
* Discovery of a brain-to-gut messenger: a Tachykinin peptide

* Discovery of a gut signal induced by fasting : a novel Insulin

Translating — from basic to clinic
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The gut-brain axis is rich with hidden signhals — approaches to
uncover them
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