SCUOLA DI
AGRARIA

E MEDICINA
VETERINARIA

2022

11 Maggio 2022

Dall’Africa una formidabile macchina del tempo:
Nothobranchius furzeri

Livia D’Angelo, DVM, Ph.D

livia.dangelo@unina.it

SRy UNIVERSITA
% UE85% DEGLI STUDI DI NAPOLI

2 ) Dipartimento
€ {1 & FEDERICO I

s N\\ Maedicina Veterinaria
............ Produzioni Animali

UNIVERSITA DEGLI STUDI DI NAPOLI FEDERICO 11

SCUOLA DI AGRARIA
E MEDICINA VETERINARIA




Scientific Interest

BRAIN EVOLUTION: CLUES
FROM AQUATIC ORGANISMS

EDITED BY: Paolo De Girolamo, Jean-Pierre Bellier and Livia D'Angelo
PUBLISHED IN: Frontiers in Neurocanatomy

a frontiers Research Topics

2 =) Dipartimento
s N\ Maedicina Veterinaria

............ Produzioni Animali

=

ey:
=l
=
1

amphibian

Comparative Neuroanatomy

cerebrum
cerebellum
tectum




Ph.D «Model Organisms in Biomedical and Veterinary Research»

iy

Y
A . : .
Emerging teleost fish model In
ageing research,

SCUOLA focus on neurobiology
NORMALE

t-«;g) Dipartimento SUPERIORE

s~ \\Vv Medicina Veterinaria

............ Produzioni Animall ™

R SE(I;VLERSST"J& DI NAPOLI o A4
{41 § FEDERICOII ®.°.%

@ 0 [
e O o ) ) . .
* I Leibniz Institute on Aging -
Fritz Lipmann Institute

Comparative genomics & Metabolites and
transcriptomics other signals

2 6.
.6
()N 7
Clonal mutation /

2 Genome
-, editing
%
o
o, z
) = Zebrafish cell heterogeneity
louse
N. furzeri
"XJX& ' . ar-@

Epigenome @
ncRNAs alterations

w Dipartimento
s~ \\v Medicina Veterinaria
............ Produzioni Animall

UNIVERSITA
2 DEGLI STUDI DI NAPOLI
FEDERICO I




Short and long lived species

1

The reasons for

some animals being

Yeast/Worm/Fly Turquoise Killifish Mouse Zebrafish :
(~1-3 months)  (~ 6 months) (~ 3.5 years) (~ 5 years) Iong-llved and

N (\g others short-lived,
> and, in a word,

causes of the length
and brevity of life
| | call for investigation.
Long-lived species

E 40 80 120 160 200 400 , ,
P & .

R ) ” ﬁ @‘ ¢ Ny Aristotle,

On Longevity and Shortness of Life

adapted from Harel & Brunet, Cold Spring Harbor Press (2016) ( 350 B C)
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Features of turquoise killifish

Common life cycle in the wild Common life cycle in the lab Common lifespan in the lab
(Annual diapause trajectory: ~1 year) (Diapause skipping trajectory: ~6-8 weeks) (~4-6 months)
Development 'r/{>
on dry
it . substrate p

Hatching

rehétching

Diapause Il
Evtablished
S
Organogenesis 14dpf —_,1dph

7dph

: : 7dpf 21dph R \
" Somite stage -\
AN

. N_/ 2t Mature male and
2dpf 1dpf ’,female

1.5dpf

Gastrulation

Old male and female

' ] cen

Dispersed”ﬁhase dispersion

Diapause |

Early
epiboly

Astre et al. in Laboratory Fish in Biomedical Research, D’Angelo and de Girolamo Editors, Elsevier 2021
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Physiological ageing

Males Females

Young
(2-month-old)

increased frailty and
decline in organ and
physiological functions
loss of color
reduced muscle
mass (sarcopenia)
bending of the spine = P v—————
(kyphosis)

Old
(5-month-old)

Older
(8-month-old)

Color loss Wound healing failure Muscle loss
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Physiological ageing
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Ageing biomarkers
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eing biomarkers

progressive |
liver degeneration|:
up to steatosis |.

cardiac
hypertrophy
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Several hallmarks of ageing have been
investigated in turquoise killifish

Altered intercellular Genomic instabilit
communication y

Mechanisms of Ageing and Development 130 (2009) 290-296

Contents lists available at ScienceDirect

Mechanisms of Ageing and Development

e o
ELSEVIER journal homepage: www.elsevier.com/locate/mechagedev

Stem cell
exhaustion
Cellular
senescence

Mitochondrial
dysfunction

Telomeres shorten while Tert expression increases during ageing of the
short-lived fish Nothobranchius furzeri

Telomere attrition
v » RS

! v
@J&l & ‘\ ——
Epigenetic

t.-j- A’_tl-cfe PROCESS ACCESS

Loss of , Reduced proteasome activity in the aging brain
proteostasis L L
results in ribosome stoichiometry loss and

aggregation

bio|ogy

Biogerontology (2019) 20:83-92 @ DE I'EEIJ |EItEl:|
https://doi.org/10.1007/s10522-018-9778-0 CrossMark . &
nutrie I"'It-SEI"ISII‘IE

Age-related changes in mitochondrial membrane
composition of Nothobranchius furzeri.: comparison
with a longer-living Nothobranchius species

Lopez-Otin et al., Cell. 2013
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THE ANATOMICAL RECORD 296:681-691 (2013)

Key morphological hallmarks of ageing

Brain Atlas of an Emerging Teleostean

Model: Nothobranchius furzeri 0 age-related reduced mitotic activity of the
LIVIA D’ANGELO* neuronal progenitors
Department of Veterinary Medicine and Animal Productions, University of Naples Federico

I, Italy

O up-regulation of GFAP, hallmark of gliosis

O neurodegeneration — measured by Fluoro-
Jade B, which stains cell bodies, dendrites
and axons of degenerating neurons

O  accumulation of lipofuscin in the brain

.'i‘ A» -
C R
AAK
ARAx
ks
]

«cells

Edl
SL mm

""""""""""

Fold change to TBP

S weeks | | weeks 25 weeks 150 l
096

7 9 NI3ISITH USSP NN

s1008  gfap | sox2 ' Age (weeks)

1.12 hkk |
| ! (C) 6000, (D) 400- '
1.08 . £ Left side ’ N ; $
5 i S 3504 F
1000 4 @3 Right side l &%
,l' | Median lifespan
RILLE "
’,l
1.0 ¢ 20004 ‘ 2 50) 9 |
I’l
20004 I
X

pcna dex | s1008 gfap | sox2 pcna dc

Swph 27wph (A} Tozzini et al, Aging Cell (2012)
Leggieri et al, IIMS (2022)




Evolution of Neurotrophins
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N\ I\ Neurotrophin evoluton Nothobranchius furzeri
RPN | oA o > 400MYBP
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Modified from Hallbook, Curr Opin Neurobiol 1999
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Fespel Annals of Anatomy

journal homepage: www.elsevier.com/locate/aanat

Neurotrophin-4 in the brain of adult Nothobranchius furzen

Annals ol Anaionmy 196 (2001.4] TE3-100

i e e Contens lists availabls at SciencsDirec i mﬁ-‘:ﬂmf
o e
o Annals of Anatomy

journal homepage: www.elsevier.de/aanat

Nerve growth factor in the adult brain of a teleostean model for aging @:..ﬁ.u...
research: Nothobranchius furzeri

In disease:
| Trk expression
and/or NT
signaling

NGF receptors in the brain of N. furzeri
40

In disease:
[ p75 expression
and/or NT
signaling
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Article

Cholinergic System and NGF Receptors: Insights
from the Brain of the Short-Lived Fish
Nothobranchius furzeri

Paolo de Girolamo *, Adele Leggieri 1, Antonio Palladino 20, Carla Lucini ',
Chiara Attanasio ' and Livia D"Angelo !

@: mmablark

Joumal of

Clinical Medicine m\w

Article
Identification and Expression of Neurotrophin-6 in

the Brain of Nothobranchius furzeri: One More Piece
in Neurotrophin Research

Adele Leggieri 17, Chiara Attanasio %370, Antonio Palladino %, Alessandro Cellerino *3,

Carla Lucini ', Marina Paolucci #, Eva Terzibasi Tozzini #, Paolo de Girolamo ' and
Livia D’Angelo 17:*

Ghack for
updates

Neurotrophins in the Brain of Teleost 20
Fish: The State of the Art

Paolo de Girolamo and Livia D'Angelo

Advances in experimental medicine and biology, Springer Nature (2021)




Experimental modulation of lifespan
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Regulation of life span by the gut
microbiota in the short-lived African
turquoise killifish

Patrick Smith'", David Willemsen'", Miriam Popkes'?, Franziska Metge’,
Edson GandiwaZ?, Martin Reichard?, Dario Riccardo Valenzano™**

restriction
increases lifespan

and delays multiple

diseases

Current Biology 16, 296-300, February 7, 2006 ©2006 Elsevier Ltd All rights reserved DOI 10.1016/j.cub.2005.12.038

Report

Resveratrol Prolongs Lifespan
and Retards the Onset of Age-Related Markers

in a Short-Lived Vertebrate

Aging Cell (2009) 8, pp88-99 Doi: 10.1111/.1474-9726.2009.00455 x

Effects of dietary restriction on mortality and
age-related phenotypes in the short-lived fish
Nothobranchius furzeri
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@® Non-CSF-c A11-like TH1 cells Pallium/subpallium
@ CSF-c TH1/TH2 cells ORR

Mouse & CSF-c TH2/TPH1 cells [aponas
@ \entricle yp

: ; osterior tuberculum?
77 Anterior commissure P
\ Postoptic commissure

Genomic instability

3rd ventricle

|
S

Chicken

- %

'" Epigenetic
alterations

Loss of
proteostasis

3rd ventricle

Zebrafish

hypothalamus:
evolutionary conservation of
anatomy and molecular pathways

Ventral view

ARTICLE

deoi:10.1038/naturel2143

Hypothalamic programming of systemic
ageing involving IKK-p, NF-kB and GnRH

Guo Zhang"*** Juxue Li"%?*, Sudarshana Purkayastha'*>**, Yizhe Tang"?**, Hai Zhang"***, Ye Yin"%?, Bo Li"**?, Gang Liu"**

& Dongsheng Cai"*~

ageing can be globally
iInfluenced
by hormones produced
In the brain
IS of great Interest to scientists




: REVIEW
a ﬁont'ers . publishad: 26 June 27
in Neuroscience dhi: 10.338%/fnins 201 7.00854

Food intake related neuropeptides o
as markers of
age-related nutrient sensing Metabolio, Endoorine, and Circadian

Signals in Fish: Involvement in the
Control of Food Intake

Maria J. Delgado ', José M. Cerda-Reverter? and José L. Soengas®*

Chapter 19 @ |
The Suitability of Fishes as Models iy
for Studying Appetitive Behavior

in Vertebrates

Circadian
information ®

Fietro Amoden, Enrdom D° Aniello, Fanny Defranoux, Angela Marino,
Livia D"Angelo, Michael T, Ghiselin, and Emesto Mollo

Results and Problems in Cell Differentiation, Springer Nature (2019)

Mowenoular and Cellsbr Endocrinology 497 (2009) 110437

Nutrient levels

Contents lists mvailable at Sciencelkrect
(glucose, fatty acids,
amino acids)

‘.',

-

Molecular and Cellular Endocrinology

Journal homepage: waw . elsevier.comilocate’mece

Fish as models for understanding the vertebrate endocrine regulation of

feeding and weight Nervous efferent

signals

!

Energy - FOOd intake
expenditure *  regulation

-

Helene Volkoff
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International Journal of
Molecular Sciences
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Article

Central and Peripheral NPY Age-Related Regulation: A

Comparative Analysis in Fish Translational Models

Daniela Giaquinto 1.* Elena De Felice 10, Chiara Attanasio ', Antonio Palladino *_7, Valentina Schiano !,

Ernesto Mollo *, Carla Lucini ', Paolo de Girolamo ! and Livia D’ Angelo 1%
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Ontogenetic Pattern Changes of Nucleobindin-

2/Nesfatin-1 in the Brain and Intestinal Bulb of the
Short Lived African Turquoise Killifish

Alessia Montesano 123, Elena De Felice *f, Adele Leggieri !, Antonio Palladino 3, Carla Lucim £,
Paola Scocco ¥, Paolo de Girolamo ?, Mario Baumgart 2% and Livia D'Angelo 15%4
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Ongoing research activities

Metabolic control via nutrient-sensing mechanisms:
role of taste receptors and the gut-brain neuroendocrine axis
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