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3eme cours : 13 mars 2014

Détecteurs et effecteurs du stress oxydant: roles dans le
métabolisme et la signalisation.
Le dialogue des organelles: la part des peroxisomes.

Séminaire:
Patrice Courvalin — Unité des Agents Antibactériens, Institut
Pasteur, Paris

“Les antibiotiques sont-ils autodestructeurs”



SIGNALISATION REDOX
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PrOdUire de I,HZOZ (peroxyde d” hydrogéne, eau oxygénée)

- dismutation de I’anion superoxyde: superoxyde dismutases: SODs
, mitochondriale, peroxysome, extra-cellulaire.

0,"+ 0, +2H" —  H,0,+0,

- oxydation

- des acides gras a tres longues

chaines ou branchés dans le peroxysome
(avec plusieurs autres oxydases
dans cet organelle)

- de la xanthine et I’ hypoxanthine:
xanthine et hypoxanthine oxydase (

)
hypoxanthine+H,0 — xanthine +H,0,
xanthine + H,0 <= acide urique +H,0,

- des monoamines: monoamine oxydase (catabolisme de la
sérotonine) (mitochondrie)



Produire de I,Oz" (anion superoxyde)

Réduction de I’ oxygéne moléculaire

- capture d’électrons par |’ oxygéne moléculaire (non
enzymatique). dans la mitochondrie au niveau des complexes | et lll
(ubiquinone ou coenzyme A)

02 + e- —> ()2.-

- au cours de I’ oxydation par les NADPH oxydases (NOX et
DUOX) membrane plasmique et RE ..NOX complexe

NADPH + O, — O,~ + H*+ NADP*




REDUIRE I’ H202 en H20 (anti-oxydants)

catalase

Thioredoxin Peroxiredoxin

osse SR 1)

Glutathion Glutathion
Peroxidase

Bindoli A... Forman HJ - Antioxid Redox Signal 2008



SIGNALISATION via H,0,

Signalisation thiol-disulfure (SH:SS) systemes glutathion et thiorédoxine

GSH/GSSG —» Grx(SH),/Grx(SS) _.& ANR, ASKC

/ klnaseslphosphatases
- T

HZO \, Thioredoxin
\ Trx(SH),/Trx(SS) - | RNR, APE/Ref-1, p53, Prx, MSR, ASK1, NF-kB |~

R-SH— R-S-OH— R-5(0)-OH
B I R-S-OH —: PTP, PI’¥, GPx, Srx,
" SHl 3 Sestrins, OxyR
— RS-S-R — R-S(0)-S-R

‘ Modulation of cell functions

Bindoli A... Forman HJ - Antioxid Redox Signal 2008
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Le peroxysome et la signhalisation REDOX

1. La découverte du peroxysome
2. Quelle est I'origine du peroxysome?
3. Ses caractéristiques, ses activités.

- diversité et plasticité.

- la prolifération du peroxysome et sa régulation a la lumiére du débat qui persiste
sur la biogenese de l'organelle.

4. Le r6le du peroxysome dans la signalisation REDOX

5. Quel dialogue le peroxysome entretient-il avec les autres compartiments
cellulaires dans la signalisation REDOX?

6. Maladies et atteintes du peroxysome (surdité).

13 mars 2014



Symposium on Renal Physiology

Electron Microscopy of the Kidney”

JoHaNNEsS RHODIN, M.D.
New York, New York

Department of Anatomy

Karolinska Institutet, Stockholm, Sweden
New York University-Bellevue Medical Center, New York

American J Medicine 1958



Rhodhin J - Am J Medicine 1958




Peroxisomes (Microbodies and Related Particles)

CHRISTIAN pe DUVE AND PIERRE BAUDHUIN

Rockefeller University, New York City, and Department of Physiological
Chemistry, University of Louvain, Belgium
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HISTORICAL

The term “microbody’ was introduced into the electron microscope literature
by Rhodin (109) in 1954 to designate a special type of cytoplasmic body present in
the convoluted tubule cells of the mouse kidney, characterized by a single mem-
brane and a finely granular matrix. Two years later, granules resembling the

Physiological Reviews - 46, 323-357, 1966
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Rat Liver Rat Kidney T. pyriformis
Enzyme

% RSA % RSA % RSA
Protein 2.1 I 2.3 I 12.6 I
Catalase 56.7 27 35.6 15 46.0 3.7
Urate oxidase 56.2 27
p-amino acid oxidase 40.6 19 31.1 14 46.3 3.7
L-a-OH-acid oxidase 32.1 15 22.4 9.7 56.6 4.5
L-amino acid oxidase 23.1 10
Cytochrome oxidase or succinate 0.9 0.43 1.8 0.78 9.6 0.76

dehydrogenase .

Acid phosphatase 1.8 0.86 21.8 9.5 1.4 0.91

De Duve C & Baudhuin P — Physiol Rev 1966
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De Duve C & Baudhuin P — Physiol Rev 1966



EVOLUTION OF THE PEROXISOME

Christian de Duve, M.D.
The Rockefeller University, New York, and Université de Louvain, Belgium

The work reported in this monograph has clearly established the presence of
peroxisome-like particles in lower and higher representatives of both major
biological kingdoms. Such findings invite speculation on the phylogenetic history
of these particles, especially since some of the characters of peroxisomes label
them as “primitive”, in both the literal and the figurative sense of the word. Some

Annals New York Academy of Sciences

168, 369-81, 1969
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Very long chain fatty acyl-CoA De novo lipogenesis
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Photorespiration

Gluconeogenesis
I TCAcycle <+
Glyoxylate Metabolites AA biosynthesis
cycle
ROS o ROS
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¥
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Schrader M & Yoon Y — BioEssays 2007



Lodhi IJ & Semenkovich CF — Cell Metab 2014

. Peroxisomal biogenesis -

Alkyl ether
phospholipids

.. . Adipogenesis genes

Lipid metabolism genes
Other endogenous .

Glucose homeostasis genes
PPARYy ligands . .

Pex genes

l PPAR=peroxisome proliferator-activated receptors

Regulation of adipocyte differentiation and function
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Enzymes du peroxysome qui générent des ROS

Enzyme Substrate ROS
(1) Acyl-CoA oxidases
(a) Palimtoyl-CoA oxidase Long chain fatty acids H,0,
Methyl branched chain
(b) Pristanoyl-CoA oxidase fatty acids H,O0,
(c) Trihydroxycoprostanoyl-CoA
oxidase Bile acid intermediates H,0,
(2) Urate oxidase Uric acid H,0,
(3) Xanthine oxidase Xanthine H,0,, 0,°
(4) d-amino acid oxidase d-Proline H,0,
(5) Pipecolic acid oxidase I-pipecolic acid H,0,
d-aspartate,
(6) d-aspartate oxidase N-methyl-d-aspartate H,0,
N-methyl-d-aspartate
(7) Sarosine oxidase Sarcosine, pipecolate H,0,
(8) I-alpha-hydroxy acid oxidase Glycolate, lactate H,0,
N-Acetyl spermine/
(9) Poly amine oxidase spermidine H,0,
(10) Nitric oxide synthase I-Arginine *NO
(11) Plant sulfite oxidase Sulfite H,0,

From Schrader M. and Fahimi HD. BBA 2006



p-Amino acid oxidase controls motoneuron
degeneration through p-serine

Jumpei Sasabe®, Yurika Miyoshi®, Masataka Suzuki®, Masashi Mita®, Ryuichi Konno, Masaaki Matsuoka®,
Kenji Hamase®, and Sadakazu Aiso?

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative
disorder involving an extensive loss of motoneurons. Aberrant
excitability of motoneurons has been implicated in the pathogen-
esis of selective motoneuronal death in ALS. p-Serine, an endoge-
nous coagonist of N-methyl-p-aspartate receptors, exacerbates moto-
neuronal death and is increased both in patients with sporadic/
familial ALS and in a G93A-SOD1 mouse model of ALS (mSOD1
mouse). More recently, a unique mutation in the p-amino acid
oxidase (DAO) gene, encoding a p-serine degrading enzyme, was
reported to be associated with classical familial ALS. However,
whether DAO affects the motoneuronal phenotype and p-serine
increase in ALS remains uncertain. Here, we show that genetic
inactivation of DAO in mice reduces the number and size of lower
motoneurons with axonal degeneration, and that suppressed DAO
activity in reactive astrocytes in the reticulospinal tract, one of the
major inputs to the lower motoneurons, predominantly contrib-
utes to the p-serine increase in the mSOD1 mouse. The DAO in-
activity resulted from expressional down-regulation, which was
reversed by inhibitors of a glutamate receptor and MEK, but not
by those of inflammatory stimuli. Our findings provide evidence
that DAO has a pivotal role in motoneuron degeneration through
p-serine regulation and that inactivity of DAO is a common fea-
ture between the mSOD1 ALS mouse model and the mutant
DAO-associated familial ALS. The therapeutic benefit of reducing
p-serine or controlling DAO activity in ALS should be tested in
future studies.

PNAS | January 10, 2012 | vol. 109 | no.2 | 627-632
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REDUIRE H202 en H20 (anti-oxydants)

THIOLPEROXIDASE
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Schematic overview of peroxisomal enzymes which produce or degrade ROS.

From Schrader M. and Fahimi HD. BBA 2006
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IMPORTATION DES PROTEINES MATRICIELLES

26S-
proteasome

vvvvvvv

Composite model of peroxisomal matrix protein import. From Nagotu S. and Platta HW. BBA 2012

PTS: perisomal targeting sequence
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Peroxisomal matrix protein traffic
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Dimitrov L... Schekman R — Cold Spring Harbor Perspect Biol 2013

Peroxisome

Old model  Pex3p




Cargo loading

Receptor
recycling

\ &

Insertion

Peroxisome lumen

Lodhi IJ & Semenkovich CF — Cell Metab 2014



Peroxisomal matrix protein traffic
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Contribution of the endoplasmic reticulum to peroxisome biogenesis
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Dimitrov L... Schekman R — Cold Spring Harbor Perspect Biol 2013
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Peroxisomes can form through two pathways.
From Smith JJ. and Aitchison JD. MOLECULAR CELL BIOLOGY (2013)
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Peroxisomal protein import and ERAD in yeast.

From Schliebs W. and Erdmann R. Nature Reviews Molecular Cell Biology, 2010



a Peroxisomal protein import
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Molecular parallels between ERAD and the peroxisomal import pathway.

From Schliebs W. and Erdmann R. Nature Reviews Molecular Cell Biology, 2010



HYPOTHALAMUS et ROS



NPY/AgRP

Sensation de faim sensation de satiété
Neurones NPY/AgRP Neurones POMCs

Orexigéne, augmentation Anorexigéne; baisse
de la prise nourriture de la prise nourriture

According to Horvath TL. and Diano S. Trends in Endocrinology & Metabolism, 2009



m

NPY/AgRP o et p MSH
sensation de sensation de
faim satiété

According to Horvath TL. and Diano S. Trends in Endocrinology & Metabolism, 2009



Effet de I’ Honokiol (piege les ROS) sur I’ expression de c-Fos et la prise alimentaire
chez des souris sauvages
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Free radicals' effect on the melanocortin system

From Diano S., Horvath TL. Nature Medicine (2011)



Effet de H,O, (augmente les ROS) sur I’ activité électrique des POMCs et
la prise alimentaire chez des souris sauvages
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Free radicals' effect on the
melanocortin system From Diano S., Horvath TL. Nature Medicine (2011)



ROS dans les POMCs et taux de leptine:
chez les souris DIO « diet-induced obesity » obéses par suralimentation:
dissociation ROS/leptine

DHE in POMC DHE in POMC

..
L
g -

-
Fasted

DHE in POMC

L

» "’

£ 5 20 ol h
- :g . 45 - « .S
§<\o 14 + — gg‘
o £ 12; E 30-
S o 104 i
:':."‘ 8‘ 8’25-*
w6 gl
g&’ 4 [+
O 2 3 104 ~
5 54 [’“
a 0 S 50 0
AP AT ¥ S dO
\ N O% &7, N
OQ'b OO\Q'S%\ L i

From Diano S., Horvath TL. Nature Medicine (2011)
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Prolifération des mitochondries et des peroxysomes

From Diano S., Horvath TL. Nature Medicine (2011)



PPAR Y et ses cibles (noyau arque):

les souris DIO
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From Diano S., Horvath TL. Nature Medicine (2011)



Effet d’ un agoniste du PPAR 'y —pioglitazon- sur les cibles

de PPAR-y dans les lignées POMC et AgRP
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Un profil de transcription différent dans le noyau arqué
pour les PPAR et leurs cibles chez les souris obeses
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PPAR Y joue un réle essentiel dans la résistance a
la leptine des souris DIO et semble inhiber I'activité des POMCs

GW9662= antagoniste de PPARY
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PPAR Y inhibe l'activité des neurones POMCs des souris DIO
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From Diano S., Horvath TL. Nature Medicine (2011)



PPAR Y joue un réle essentiel dans la prise de nourriture.
Ce rble chez les souris sauvages comme les souris DIO
implique les ROS.

Lean (HFD) 24-h food intake (g) (D
DIO (HFD) 24-h food intake (g) =®

From Diano S., Horvath TL. Nature Medicine (2011)



Les ROS baissent la prise alimentaires chez les souris DIO
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Structure of the ctl locus in the C. elegans genome.

From Petriv O | , and Rachubinski R A J. Biol. Chem. 2004
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Cells of Actl-2 mutant worms contain enlarged peroxisomes but lipid droplets of normal size.
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Peroxisomes exhibit altered morphology in Actl-2 mutant worms.
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Mitochondrial localization of human catalase.
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Life span and catalase overexpression.
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Aconitase activity, ROS production, and oxidative damage
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