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autophagy.57,58 A number of proteins have been implicated 

in driving mitochondrial fission, including dynamin-1-like 

protein (encoded by Drp1), mitochodrial fission 1 protein 

and mito chondrial fission factor, which are members of the 

dynamin superfamily.59,60

Fusion is a mechanism that allows for one mitochon-

drion to compensate for a functional defect in another by 

sharing transfer RNAs, ribosomal RNAs or proteins.61 In 

yeast, rodents and humans, fusion of mitochondrial inner 

membranes is mediated by optic atrophy protein 1; and 

fusion between outer membranes is controlled by other 

members of the dynamin superfamily, mitofusin 1 and 

mitofusin 2 (also known as Mfn1 and Mfn2, respectively), 

which are encoded by nuclear DNA.59,60

The fundamental necessity of mitochondrial fission and 

fusion processes to the maintenance of cellular homeostasis 

has been demonstrated in a number of cell types. Complete 

inhibition of mitochondrial fusion in mouse embryonic 

fibroblasts through inhibition of Mfn1 and Mfn2 gene 

expression induced severe cellular defects, including poor 

growth, changes in mitochondrial membrane potential 

and decreased respiration.62 Furthermore, downregula-

tion of DRP1 expression in a human epithelial cell line 

inhibited fission and resulted in decreased mitochondrial 

respiration.63 Finally, knocking down Mfn1 or Mfn2 in 

neuronal cells, such as Purkinje cells in the cerebellum or 

dopamine cells in the midbrain, led to the degeneration of 

neurons and/or axon fibres.64–66 Mitochondria are in con-

stant communication with other cellular organelles, such 

as the endoplasmic reticulum (ER).67,68 A major role of the 

mitochondria–ER interaction is to regulate mitochondrial 

lipid biosynthesis and calcium signalling.69 Close contact of 

mito chondria with the ER facilitates mitochondrial uptake 

of free calcium ions as they are released from the ER.70 This 

transfer provides the high local concentration of calcium 

that is required for mitochondrial functions such as acti-

vation of the tricarboxylic acid cycle and regulation of 

mitochondrial morphology, mitochondrial dynamics and 

apoptosis.71 Studies in mouse embryonic fibroblasts have 

demonstrated that Mfn2 is localized to the mitochondria–

ER interface, where it functions to anchor mitochondria 

to the ER.72

Mitochondrial dysfunction is associated with the 

development of metabolic alterations and is thought to 

contribute to the pathogenesis of a variety of disorders in 

humans, including T2DM, obesity and neurodegenera-

tive dis eases, as well as being involved in ageing processes 

and can cer.73–77 However, an appreciation of the contribu-

tion of mitochondrial dynamics to adaptive responses of 

the central melanocortin circuitry to regulate hunger and 

satiety is only just emerging.

Mitochondria regulate hunger and sat iety
For over 20 years, our research group has studied the NPY–

AgRP and POMC neurons in the arcuate nucleus.78,79 One 

intriguing aspect of the biology of these cells is that they 

have opposing activation states; that is, when NPY–AgRP 

neurons are active, POMC cells are quies cent and vice-

versa. From the perspective of their functional relevance 

(hunger versus satiety), this finding is not unexpected. 

Nevertheless, the molecular mechanisms that underlie this 

reciprocal activation remain elusive.

Under conditions of negative energy balance, in 

which glucose levels are decreased and levels of circulat-

ing ghrelin are increased (such as before meals or after a 

long absence of feeding), NPY–AgRP neurons are acti-

vated and POMC neurons are silent, which leads to the 

development of hunger sensations and increased lipid 

metabolism in peripheral organs and tissues. During nega-

tive energy balance, ghrelin-induced β-oxidation of fatty 

acids provides a continuous fuel supply to NPY–AgRP 

neurons, which enables maintenance of the activated state 

(Figure 2a).80 These ghrelin-mediated effects are driven 

by AMP-activated protein kinase (AMPK) signalling, a 

pathway that decreases levels of malonyl CoA via inacti-

vation of acetyl CoA carboxylase and leads to enhanced 
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Figure 1 | Melanocortin system in the arcuate nucleus of the hypothalamus. 

The primary neurons of the melanocortin system are the orexigenic NPY–AgRP 

neurons and the anorexigenic POMC neurons, which both send projections to the 

paraventricular nucleus. NPY–AgRP neurons also send inhibitory projections to 

neighbouring POMC cells. Activation of POMC cells by leptin triggers the release of 

α-MSH which binds to MC4R and promotes satiety. AgRP neurons are inhibited by 

leptin but stimulated by ghrelin, which promotes feeding and silences firing  

of POMC neurons. The effect of the NPY–AgRP cells is mediated by release of 

GABA, NPY and AgRP. Abbreviations: α-MSH, α-melanocyte stimulating hormone;  

AgRP, agouti-related protein; GABA, γ-aminobutyric acid; GABA
A
R, GABA receptor; 

GHSR, growth hormone secretagogue receptor (also known as ghrelin receptor); 

MC4R, melanocortin receptor 4; NPY, neuropeptide Y; POMC, proopiomelanocortin; 

PVN, paraventricular nucleus.
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Genomic Revolution 2000s - date 

Shared genes and genetic ancestry between species!
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Uncovering	regulators	of	fat	metabolism		
in	C.	elegans	

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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• 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

THE GUT-BRAIN AXIS, METABOLISM & LONGEVITY
or, what a tiny nematode can tell us about biology and medicine 
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Serotonin is made in neurons and controls fat in the intestine
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A genetic screen to discover the brain-to-gut signal …
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• 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

THE GUT-BRAIN AXIS, METABOLISM & LONGEVITY
or, what a tiny nematode can tell us about biology and medicine 
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A hunt for the gut-to-brain
signal

A genetic screen to discover the gut-to-brain signal …



… uncovered an insulin antagonist secreted during fasting
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Which specific bacterial signals control gut insulin?

30min Refed

**

Fed

45
m

in
 F

as
te

d

O
P
50

Kei
o 

C
trl

K
ei
o 

py
kF

0

100

200

300

400

R
a
ti
o
 I
N

T
1
::

IN
S

-7
m

C
h
e
rr

y
 /
 C

L
M

::
G

F
P

(%
 o

f 
F

e
d
) 

*** *
*

ns The bacterial  Keio collection contains 3800 sequenced 
and validated single-gene mutants of E. coli K-12

PMID: 20029369

R
a
ti
o
 I
N

T
1
::

IN
S

-7
m

C
h
e
rr

y
 /
 C

L
M

::
G

F
P

(%
 o

f 
F

e
d
)

0

100

200

300 *** ***
ns

Fed

30
m

in
 F

as
te

d

30
m

in
 R

ef
ed

 0

100

200

300

400

500

30 60 9018
0

min Fasted

***
***
***
***

***
***
***
***

Fed 30 60 9018
0

min Refed

R
a
ti
o
 I
N

T
1
::

IN
S

-7
m

C
h
e
rr

y
 /
 C

L
M

::
G

F
P

(%
 o

f 
F

e
d
)

R
a
ti
o
 I
N

T
1
::

in
s
-7

s
e
c
 / 

C
L
M

::
G

F
P

(%
 o

f 
v
e
c
to

r 
R

N
A

i)
 

0

50

100

150

200

***

**

as
na

-1
 R

N
A
i

ve
ct
or

 R
N
A
i

ae
x-

4 
R
N
A
i

Punc-122::GFP

INT1::ins-7sec

Merge

vector 

RNAi

aex-4

RNAi

asna-1

RNAi

30min Refed

**

Fed

45
m

in
 F

as
te

d

O
P
50

K
ei
o 

C
trl

Kei
o 

py
kF

0

100

200

300

400

R
a
ti
o
 I
N

T
1
::

IN
S

-7
m

C
h
e
rr

y
 /
 C

L
M

::
G

F
P

(%
 o

f 
F

e
d
) 

*** *
*

ns The bacterial  Keio collection contains 3800 sequenced 
and validated single-gene mutants of E. coli K-12

PMID: 20029369

R
a
ti
o
 I
N

T
1
::

IN
S

-7
m

C
h
e
rr

y
 /
 C

L
M

::
G

F
P

(%
 o

f 
F

e
d
)

0

100

200

300 *** ***
ns

Fed

30
m

in
 F

as
te

d

30
m

in
 R

ef
ed

 0

100

200

300

400

500

30 60 9018
0

min Fasted

***
***
***
***

***
***
***
***

Fed 30 60 9018
0

min Refed

R
a
ti
o
 I
N

T
1
::

IN
S

-7
m

C
h
e
rr

y
 /
 C

L
M

::
G

F
P

(%
 o

f 
F

e
d
)

R
a
ti
o
 I
N

T
1
::

in
s
-7

s
e
c
 / 

C
L
M

::
G

F
P

0

50

100

150

200

Punc-122::GFP

INT1::ins-7sec

Merge

vector 

RNAi

aex-4

RNAi

asna-1

RNAi

OFFON 1 2

unpublished

OffOn



The gut-brain axis is rich with hidden signals
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• 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

THE GUT-BRAIN AXIS, METABOLISM & LONGEVITY
or, what a tiny nematode can tell us about biology and medicine 



The Tachykinin Receptor NK2R in mammals

H

2-18-2020

ns

*

CLM::GFP FLP-7mCherry merge

vehicle

5-HT

R
a
ti
o

 F
L
P

-7
m

C
h
e

rr
y
/C

L
M

::
G

F
P

(%
 o

f 
v
e

h
ic

le
)

5-HT

vehicle

vector

RNAi

atgl-1

RNAi

*

ns

0

20

40

60

80

100

120

140

160

180

vehicle 5-HT

*

0

5

10

15

20

25

30

35

M
a

x
 O

C
R

(p
m

o
l/m

in
/w

o
rm

)

B
a

s
a

l 
O

C
R

(p
m

o
l/m

in
/w

o
rm

)

vector

RNAi

atgl-1

RNAi

0

50

100

150
flp-7

tg

wild-type

*

F
a
t 

C
o
n
te

n
t

(%
 o

f 
w

ild
ty

p
e
 o

n
 v

e
c
to

r)

vector

RNAi

atgl-1

RNAi

ns

I

0

50

100

150

Figure 1

0

5

10

15

20

vector

RNAi

atgl-1

RNAi

*

ns

wild-type wild-type

B

E G

C

D F

vector

RNAi

atgl-1

RNAi

wild-type

vector

RNAi

atgl-1

RNAi

vehicle 5-HT

F
a
t 

C
o
n
te

n
t

(%
 o

f 
w

ild
ty

p
e
 o

n
 v

e
c
to

r)

* *

flp-7
tg

flp-7
tg

flp-7
tg

A

ATGL-1

Intestine
NPR-22

FLP-7ASI

5-HT



The Tachykinin Receptor NK2R in mammals

H

2-18-2020

ns

*

CLM::GFP FLP-7mCherry merge

vehicle

5-HT

R
a
ti
o

 F
L
P

-7
m

C
h
e

rr
y
/C

L
M

::
G

F
P

(%
 o

f 
v
e

h
ic

le
)

5-HT

vehicle

vector

RNAi

atgl-1

RNAi

*

ns

0

20

40

60

80

100

120

140

160

180

vehicle 5-HT

*

0

5

10

15

20

25

30

35

M
a

x
 O

C
R

(p
m

o
l/m

in
/w

o
rm

)

B
a

s
a

l 
O

C
R

(p
m

o
l/m

in
/w

o
rm

)

vector

RNAi

atgl-1

RNAi

0

50

100

150
flp-7

tg

wild-type

*

F
a
t 

C
o
n
te

n
t

(%
 o

f 
w

ild
ty

p
e
 o

n
 v

e
c
to

r)

vector

RNAi

atgl-1

RNAi

ns

I

0

50

100

150

Figure 1

0

5

10

15

20

vector

RNAi

atgl-1

RNAi

*

ns

wild-type wild-type

B

E G

C

D F

vector

RNAi

atgl-1

RNAi

wild-type

vector

RNAi

atgl-1

RNAi

vehicle 5-HT

F
a
t 

C
o
n
te

n
t

(%
 o

f 
w

ild
ty

p
e
 o

n
 v

e
c
to

r)

* *

flp-7
tg

flp-7
tg

flp-7
tg

A

ATGL-1

Intestine
NPR-22

FLP-7ASI

5-HT
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The Tachykinin Receptor NK2R in mammals can be modulated

PMID: 35863587

GR64349

NK2R agonist

GR159897

NK2R antagonist

GR159897

NKA 4-10



*

PMID: 39537932



• 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

THE GUT-BRAIN AXIS, METABOLISM & LONGEVITY
or, what a tiny nematode can tell us about biology and medicine 
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