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Programme
Mercredi 20 septembre
16h00
18h30
19h00
19h30

Accueil des participants
Réunion d'ouverture
Marie-France Giraud (IBGC, Bordeaux) et Eric Rosenfeld (LIENSS, La Rochelle)
Cocktail de bienvenue
Dîner

21h00-22h00

Session d'ouverture publique
Présentation de la session par Giovanni Finazzi (LPCV, CEA-Grenoble) et
Marie-France Giraud (IBGC, Bordeaux)
Chris Bowler (ENS, Paris)
Tara Oceans: Eco-Systems Biology at Planetary Scale

Jeudi 21 septembre

8h30-10h35 Session 1 : Bioénergétique et organismes aquatiques
ScienceDirect_articles_05Jul2017_12-24-31.941.zip
8h30-8h35
Introduction de la session par Eric Rosenfeld (LIENS, La Rochelle)
et Anne Devin (IBGC, Bordeaux)
8h35-9h15
Benjamin Bailleul (IBPC, Paris)
How to study the bioenergetics of a community of photosynthetic microorganisms? Application to the toxic relationship between diatoms and
dinoflagellates
9h15-9h45
Jonas Collén (UPMC, Roscoff)
Bleach on the beach: Reactive oxygen metabolism in intertidal seaweeds
9h45-10h10 Lilia Colina Tenorio (UNAM, Mexico, IBGC-Bordeaux)
Study of the interactions of Asa subunits in the peripheral stalk of the
ATP synthase of Polytomella sp.
10h10-10h35 Olivier Lemaire (BIP, Marseille)
New insights in the TMAO reducing system Tor from Shewanella
oneidensis

10h35-10h55 Discussions autour d'un café / Stands
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10h55-12h10 Session 2 : Photosynthèse-OXPHOS
10h55-11h00 Introduction de la session par Laura Baciou (LCP, Orsay)
et Giovanni Finazzi (LPCV, Grenoble)
11h00-11h40 Pierre Cardol (InBios/PhytoSystems, Liège)
Evolution of photosynthetic and respiratory electron transfer-chain
components in the secondary alga Euglena gracilis
11h40-12h10 Louis Dumas (CEA Cadarache)
Identification of a cytochrome b6f motif involved in redox sensing and
signal transduction for the activation of the state transition kinase Stt7 in
C. reinhardtii

12h10-12h30 Présentations "Flash" Sessions 1 et 2
12h30-14h00 Déjeuner

14h00-14h50 Session 2 : Photosynthèse-OXPHOS
14h00-14h25 Héctor Miranda-Astudillo (InBioS/Phytosystems, Liège)
Non-classical structures and association of the OXPHOS complexes in
Euglena gracilis and Polytomella sp.
14h25-14h50 Léna Beauzamy (ENS-IBPC, Paris)
Solar to electric conversion thanks to the alga Chlamydomonas reinhardtii

14h50-15h35 Session 3 : Physiologie et énergétique cellulaire
15h35-15h55 Discussions autour d'un café / Stands
14h50-14h55 Introduction de la session par Philippe Diolez (Liryc, Bordeaux)
15h35-15h55 Discussions autour d'un café / Stands
et Stéphen Manon (IBGC, Bordeaux)
14h55-15h35 Pierre Rustin (Hôpital Robert Debré, Paris)
Mitochondria are physiologically maintained at close to 50 °C

15h35-15h55 Discussions autour d'un café / Stands
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15h55-16h50 Session 3 : Physiologie et énergétique cellulaire
15h55-16h25 Anne Devin (IBGC, Bordeaux)
The Crabtree Effect is induced by glycolysis-derived hexoses phosphates
16h25-16h50 Audrey Sémont (Liryc, Bordeaux)
Implication of cardiac mitochondrial ROS production in cardiomyocyte
signaling and cardiac rhythm

16h50-17h10

Présentations "Flash" Session 3 et 4

17h10-19h30 Posters
Session 1

Session 2

Session 3

Session 4

19h30-… Dîner puis animations…

Vendredi 22 septembre

8h30-10h35 Session 4: Bioénergétique et pathologies
8h30-8h35
Introduction de la session par Paule Benit (Hôpital Robert Debré, Paris)
et Laurent Counillon (LP2M, Nice)
8h35-9h15
Véronique Paquis (IRCAN, Nice)
Session
4
CHCHD10
mutations: How mitochondrial dysfunction triggers motor
neuron degeneration
9h15-9h45
Stéphen Manon (IBGC, Bordeaux)
New aspects of apoptosis regulation by the Bcl-2 protein family at the
mitochondrial level: physiological and pathological implications.
9h45-10h10 Maxence de Taffin (IBGC, Bordeaux)
Exploration of potential therapeutic pathways against the Barth syndrome
using yeast as a model
10h10-10h35 Jean-Jacques
Lacapère (UPMC, Paris)
10h35-10h55 Discussions autour d'un café / Stands
Does TSPO from Bacillus cereus act as a porphyrin regulator?
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10h35-10h55

Présentations "Flash" Sessions 5, 6, 7 et 8
10h55 Café/Stands/Posters

10h55-12h55 Posters
Session 5

Session 6

Session 7

Session 8

12h55-14h00 Repas
14h00-19h30 Sortie-Temps libre
19h30 Dîner / Animations

Samedi 23 septembre

8h30-10h35 Session 5:

Régulations, Dynamique des complexes et
des membranes

8h30-8h35

Introduction de la session par Manuel Rojo (IBGC, Bordeaux) et
Mickaël Cohen (IBPC, Paris)
8h35-9h15
Olivier Vallon (IBPC, Paris)
Nuclear control of organelle gene expression in algae
9h15-9h45
Arnaud Mourier (IBGC, Bordeaux)
Role of Mitofusins proteins in maintaining OXPHOS function
9h45-10h10 Axel Magalon (LCB, Marseille) The how and why of cellular organization of
respiration in Escherichia coli
10h10-10h35 Justin Findinier (IBPC, Paris)
Involvement of Dynamin Related Proteins in Plastid Membrane Dynamics

10h35-11h00 Discussions autour d'un café / Stands
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11h00-12h15 Session 6 : Transporteurs et récepteurs
11h00-11h05 Introduction de la session par Jean-Jacques Lacapère (UPMC, Paris)
11h05-11h45 Ildikó Szabó (CNR, Padoue)
Shedding light on plant mitochondrial calcium signaling
11h45-12h15 Jean-Claude Marie (CRI, Xavier Bichat, Paris)
Vasoactive intestinal peptide inhibits fMLF-induced ROS production in human
monocytes

12h15-12h30

Photo de groupe des participants du GFB2017

12h30-14h00 Déjeuner

14h00-15h15 Session 6 : Transporteurs et récepteurs
14h00-14h25 Lorenzo Durante (GPoM, Liège)
GPR1/FUN34/YaaH members in Chlamydomonas: are they real acetate
transporters?
14h25-14h50 Mathilde Piel (IBPC, Paris)
Molecular bases of mitochondrial uncoupling protein 1 induced
thermogenesis
14h50-15h15 Khadija Mathieu (IBCP, Lyon)
"A multidrug ABC transporter from Streptococcus Pneumoniae with a strong
taste for GTP"

15h15-15h45 Présentations des exposants
15h15-15h30 Marine Börlin, New England Biolabs
15h30-15h45 Christophe Iochem, Agilent Technologies

15h45-16h15 Discussions autour d'un café / Stands
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16h15-18h20 Session 7 : Bioénergétique des procaryotes
16h15-16h20 Présentation de la session par Marianne Guiral (IMM, Marseille)
et Fabien Pierrel (TIMC-IMAG, Grenoble)
16h20-17h00 Vincent Fromion (MalAGE, INRA, Jouy-en-Josas)
Quantitative prediction of genome-wide resource allocation in bacteria
17h00-17h30 Eric Pilet (BIP, Marseille)
New insight in quinone binding mode in nitrate reductase A from E. coli
17h30-17h55 Mahmoud Hajj Chehade (TIMC-IMAG, Grenoble)
Evidence for a multi-protein complex involved in ubiquinone biosynthesis
in E. coli
17h55-18h20 Myriam Brugna (BIP, Marseille)
Functional and biochemical characterization of the tetrameric [FeFe] Hnd
hydrogenase from the sulfate reducing bacterium Desulfovibrio
fructosovorans

18h20- 19h20
Discussions devant les posters de toutes les sessions
19h30 Soirée de gala

Dimanche 24 septembre

9h00-10h35 Session 8: Méthodologies
9h00-9h05
Présentation de la session par Petra Hellwig (LBS,
Strasbourg) et Barbara Schoepp-Cothenet (IMM, Marseille)
9h05-9h45
Stéphanie Bonneau (UPMC, Paris)
Photosensitizers and control of compartmentation in biological systems
9h45-10h10 Anton Nikolaev (LBS, Strasbourg)
Spectroelectrochemical investigation of bd-oxidase inhibition
10h10-10h35 Xavier Serfati (LCP, Orsay)
Giant liposomes elaboration for phagocyte NADPH oxidase studies

10h35-11h00

Discussions autour d'un café / Stands

11h10-12h00 Assemblée générale du GFB et clôture du congrès
12h15-14h00 Déjeuner
14h00 Départ des participants
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Conférence d'ouverture

Chris Bowler: Tara Oceans: Eco-Systems Biology at Planetary Scale
Chris Bowler and the Tara Oceans Consortium
Ecology and Evolutionary Biology Section, Institut de Biologie de l’Ecole Normale Supérieure (IBENS), Paris,
FRANCE

The ocean is the largest ecosystem on Earth and yet we know very little about it. This is
particularly true for the plankton that drift within. Although these organisms are at least as
important for the Earth system as the forests on land, most of them are invisible to the naked eye
and thus are largely uncharacterized, even though they form the base of marine food webs. To
increase our understanding of this underexplored world, a multidisciplinary consortium, Tara
Oceans, was formed around the 110-ft research schooner Tara, which sampled plankton at more
than 210 sites and multiple depth layers in all the major oceanic regions during expeditions from
2009-2013 (Karsenti et al. Plos Biol., 2011). The seminar will summarize the first foundational
resources from the project (see Science special issue May 22, 2015 and Nature 28 April, 2016)
and their initial analyses, illustrating several aspects of the Tara Oceans’ eco-systems biology
approach. The project provides unique resources for several scientific disciplines, capturing
biodiversity of a wide range of organisms that are rarely studied together, exploring interactions
between them and integrating them with environmental conditions to further our understanding of
life in the ocean and beyond in the context of ongoing climate changes.
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C1: Benjamin Bailleul: How to study the bioenergetics of a community of
photosynthetic micro-organisms? Application to the toxic relationship between
diatoms and dinoflagellates
Alexandra Peltekis1, Suzanne Ferte1, Stefano Santabarbara2, Laure Guillou3, Pierre Cardol4,
Benjamin Bailleul1
1

UMR7141, IBPC, 13 rue Pierre et Marie Curie, 75005 Paris, France
2
Instituto de Biofisica, CNR, Via Celoria 26, 20133 Milano, Italy
3
UMR 7144, Station Biologique de Roscoff, place Georges Teissier, 29682 Roscoff, France
4
Institut de Botanique, Université de Liège, 27 boulevard du rectorat, 4000 Liège, Belgique

Among the forces shaping the dynamics and the structure of phytoplankton communities are
the biotic interactions which include competition for nutrients and allelopathy (the release of
secondary metabolites that are toxic to competitors). Our understanding of biotic interactions in
phytoplankton is still limited, mainly due to a major methodological bottleneck: how can we get
information on the physiologies of each microalgae comprising a mixture?
Photosynthesis being a main target of allelopathic compounds and nutrient deficiencies, it is also a
very convenient gateway to study biotic interactions. We developed a new method allowing to
analyze thoroughly the photosynthetic activities of each species in artificial or natural mixtures
and therefore to probe biotic interactions. With this innovative method we were able to screen
allelopathic interactions that affect photosynthesis between different clade of phytoplankton. We
observed that the photosynthetic activity of some diatoms (Thalassiosira pseudonana,
Phaeodactylum trichornutum) and prasinophytes (Bathycoccus prasinos, Nephroselmis
pyriformis) was almost fully inhibited when those species were mixed with the red-tide
dinoflagellate Amphidinium carterae. We were further able to identify the target of the secondary
metabolite on the photosynthetic apparatus and the consequences for the bioenergetics of the
plastid. The mechanism of inhibition seems to consist in the uncoupling of the electrochemical
proton gradient, preventing the production of ATP by the ATP-synthase during photosynthesis.
We are currently trying to identify and isolate the secondary metabolite responsible for this
inhibition, and to apply this method to other allelopathic interactions as well as nutrient
competition experiments.
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O1-1: Jonas Collén: Bleach on the beach: Reactive oxygen metabolism
in intertidal seaweeds
Jonas Colléna,b
a

CNRS, UMR 8227, Integrative Biology of Marine Models, Station Biologique de Roscoff, CS 90074,
29688 Roscoff cedex, France
b
Sorbonne Universités, UPMC Univ Paris 06, UMR8227, Integrative Biology of Marine Models, Station Biologique
de Roscoff, CS 90074, 29688 Roscoff cedex, France

The marine macroalgae, or seaweeds, that live in the intertidal zone inhabit an environment
that can be considered both as terrestrial and marine depending on the time of day and the tidal
height. It is a harsh environment characterized by periodic exposure to a wide range of abiotic
stressors, such as high light and temperature, UV-radiation, desiccation, rain, wave action, low
temperature and freezing. In addition, the biotic stressors also change with tidal height. The
intertidal species are thus exposed to the advantages and disadvantages of the two environments.
The disadvantages will cause stressful conditions and with those there are often an increased
production of reactive oxygen species. This can be seen in the three major lineages of seaweeds:
brown, red, and green. There is also a correlation between antioxidant metabolism and stress
tolerance in intertidal seaweeds.
As many other organisms the seaweeds use reactive oxygen species produced by NADPH
oxidases in their defence reactions against biotic stressors, such as, epiphytes, endophytes, and
grazers. Although separated by over 1.5 billion years of evolution red and brown seaweeds show
similarities in their use of NADPH oxidase in their defence reactions.
An important difference between the marine and the terrestrial environment is the
abundance of halogen ions, such as chloride, bromide and iodide in seawater and their relative
scarcity in the terrestrial environment. The halogen ions will interact with reactive oxygen species
producing halogenated compounds, both inorganic, such as, iodine, as well as, organic, for
example, volatile halogenated compounds, such as bromoform.
In conclusion, marine macroalgae are interesting models to study stress physiology and
reactive oxygen metabolism in the marine environment [1,2] and the increasing genomic knowledge
[3,4]
of these organisms allows for in depth comparisons of the relevant genes.
1. A. Cosse, C. Leblanc and P. Potin. Adv. Bot. Res. (2007) 46, 222-266.
2. M. Dring. Adv. Bot. Res. (2006) 43, 176-207.
3. J. Collén, B. Porcel, W. Carre, S. Ball et al., Proc. Natl. Acad. Sci. U.S.A. (2013) 110, 5247-5252.
4. J.M. Cock, L. Sterck, P. Rouzé, D. Scornet et al., Nature (2010) 465, 617-621.
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O1-2: Lilia Colina Tenorio: Study of the interactions of Asa subunits in the
peripheral stalk of the ATP synthase of Polytomella sp.
Poster PO1
Lilia Colina Tenorioa, Héctor Miranda Astudilloc, Miriam Vázquez Acevedoa,
Marie-France Giraudb, Diego González Halphena
a Instituto de Fisiología Celular, Departamento de Genética Molecular, Universidad Na-cional Autónoma de
México, Mexico
b Institut de Biochimie et Génétique Cellulaires, Equipe SysTEMM, Université de Bor-deaux, Bordeaux, France
c Institut de Botanique, Laboratoire de Génétique et Physiologie des Microalgues,
Département des Sciences de la Vie, Université de Liège, Liège, Belgium

The mitochondrial ATP synthase of the colorless alga Polytomella sp. has a structure that is
strikingly different from that of other organisms. This enzyme consists of a catalytic core
(subunits α and β), a rotor (subunits γ, δ, ε, and c-ring), both sections built with canonical and
conserved subunits, and a robust stator or peripheral stalk made up of nine subunits (Asa1 to
Asa9), some of which are involved in the dimerization of the enzyme. These Asa subunits have
only been found in the chlorophycean lineage and they have no clear ho-mology with proteins in
closely related lineages (prasynophycean, trebuxophycean or ulvophycean) nor with any of the
proteins that typically form the peripheral stalk in other rotary ATPases. The study of the
interactions between the Asa subunits has been ap-proached through several biochemical
techiques, such as crosslinking experiments, heat or detergent dissociation of the enzyme, and far
western immunoblotting. This work focuses on the interactions of subunit Asa1, the largest of the
Asa subunits (66 kDa), which has been proposed to span the entire peripheral stalk, by contacting
subunit Asa8 in the membrane region and subunit OSCP at the top of the enzyme. In addition to
those interactions, Asa1 has been found to also contact subunits Asa2, Asa3, and Asa7. Based on
these results, we propose a model in which Asa1 plays an important scaffold role in the structure
of the peripheral stalk of the ATPase of Polytomella sp.
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O1-3: Olivier Lemaire: New insights in the TMAO reducing system Tor from
Shewanella oneidensis
Olivier N. Lemaire, Vincent Méjean, Chantal Iobbi-Nivol
Laboratoire de Bioénergétique et Ingénierie des Protéines, UMR 7281,
Institut de Microbiologie de la Méditerranée, Centre National de la Recherche Scientifique,
Aix-Marseille Université, 13402 Marseille, France

Reduction of the common marine osmolyte trimethylamine oxide (TMAO) allows the
bacterial survival under anoxia. In the aquatic γ-proteobacterium Shewanella oneidensis, Tor is the
system involved in TMAO respiration and it is encoded by the torECAD operon. The torA and
torC genes code for the TorA terminal reductase and the TorC c-type cytochrome, respectively [1].
Studying the product of the two other genes of the tor operon, we have shown that
- torD gene codes for the cytoplasmic specific chaperone of TorA, necessary for the
protection and the maturation of the enzyme in the cytoplasm [2,3,4],
- torE gene codes for an integral membrane protein of 56 amino acids. The protein TorE has
no effect on the production, maturation and location of the proteins of the system. However we
have deciphered that TorE confers an optimal activity to the Tor system, leading to improve both
the growth rate and the survival of the bacteria in a TMAO containing medium.
The aim of the current work is to investigate the function of TorE in the Tor system, and its
potential role in the integration of the system in the complex respiratory metabolism of
S. oneidensis.
We also wonder if TorE would be specific to this system, or if homologs can be found in
other bacterial respiratory systems.

1. J.P. Dos Santos, C. Iobbi-Nivol, C. Couillault, G. Giordano, V. Méjean, Molecular analysis of the
trimethylamine N-oxide (TMAO) reductase respiratory system from a Shewanella species, J. Mol. Biol., 284
(1998) 421–433.
2. S. Leimkühler, O.N. Lemaire, C. Iobbi-Nivol, Maturation of bacterial molybdoenzymes. Royal Society of
Chemistry, in Molybdenum and Tungsten Enzymes. 2016
3. O.N. Lemaire, S. Bouillet ,V. Méjean, C. Iobbi-Nivol, O. Genest, Chaperones in maturation of
molybdoenzymes: Why specific is better than general? Bioengineered. 2016, 31:1-4.
4. O.N. Lemaire, F.A. Honoré, C. Jourlin-Castelli, V. Méjean, M. Fons, C. Iobbi-Nivol, Efficient respiration on
TMAO requires TorD and TorE auxiliary proteins in Shewanella oneidensis. Res Microbiol. 167 2016, 630–7.

19ème Congrès du Groupe Français de Bioénergétique, Lacanau, 20-24 septembre 2017

Page 22

19ème Congrès du Groupe Français de Bioénergétique, Lacanau, 20-24 septembre 2017

Page 23

19ème Congrès du Groupe Français de Bioénergétique, Lacanau, 20-24 septembre 2017

Page 24

Session 2:
Photosynthèse/OXPHOS

19ème Congrès du Groupe Français de Bioénergétique, Lacanau, 20-24 septembre 2017

Page 25

C2: Pierre Cardol: Remodeling of photosynthetic electron transfer chain
architecture and regulations modes in the complex green alga Euglena gracilis
Charles Counsona,b, Hector Miranda-Astudilloa, Van Danga, Hervé Degandc,
Pierre Morsommec Denis Baurainb, Pierre Cardola,b
a

: Génétique et Physiologie des microalgues, Université de Liège, 4000, Liège, Belgique
b
: Phylogénomique des Eucaryotes, Université de Liège, 4000, Liège, Belgique
c
: ISV, Université Catholique de Louvain, Croix du sud 4-5/L7.07. 14 1348 Louvain-la-Neuve, Belgique

Euglena gracilis is an historical microalga, being one the first protist described by
microbiologists. Its photosynthesis has been broadly studied during the last century. One striking
example is that Euglena was the organism studied by Melvin Calvin when he discovered the
"Calvin Cycle"[1]. However, it was later shown that euglena does not belong to the phylum of
viridiplantae which comprises notably lands plants and green algae. Instead Euglena is a
photosynthetic eukaryote that belongs to Euglenozoa, a supergroup which also encopasses
trypanosomes. In this respect Euglena ancestor acquired its chloroplast by a secondary
endosymbiotic event from a green eukaryotic alga e.g.,[2]. In this talk, I will present a compilation of
phylogenomic, biochemical and functional results about the photosynthetic electron transfer chain
and its regulation modes in Euglena gracilis. I will first show that most of the regulatory
mechanisms of photosynthetic electron flow described so far in plants model organisms
(Arabidopsis, Chlamydomonas) were not retained in Euglena. I will then bring some results that
show that original mechanisms (e.g., in terms of antennae composition or in terms of regulation of
ATP/NADPH ratio) have been developed. Finally, I will try to show that these studies on euglena
can bring some new perspectives on our understanding of photosynthetic electron flow regulation
in other the green model photosynthetic organisms Arabidopsis and Chlamydomonas

1. M. Calvin and A.A. Benson, Science (1948) 107, 476–80.
2. N. Ahmadinejad, T. Dagan and W. Martin, Gene (2007) 402, 35–39.
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O2-1: Louis Dumas: Identification of a cytochrome b6f motif involved in redox
sensing and signal transduction for the activation of the state transition kinase
Stt7 in C. reinhardtii
Louis Dumasa, Francesca Zitob, Stephanie Blangya, Frauke Baymannc, Wolfgang Nistchkec,
Pascaline Auroya, Xenie Johnsona, Gilles Peltiera, Jean Alrica
a

Institut de Biosciences et Biotechnologies Aix-Marseille, CEA, CNRS UMR 7265, Aix-Marseille Université,
CEA Cadarache, Saint-Paul-lez-Durance, F-13108 France
b
Institut Biologie Physico-Chimique, UMR7099, CNRS/Université Paris 7, 13 rue Pierre et Marie Curie,
F-75005 Paris, France
c
BIP/UMR7281, FR3479, CNRS/AMU, 13 chemin Joseph Aiguier, F-13009 Marseille, France

State transitions regulate the light-absorption capacity of PSII and PSI by redistributing
LHCII proteins in response to changes in light conditions [1, 2]. The cytochrome b6f complex plays
a role in sensing the redox state of the PQ pool and activating the state transition kinase Stt7 that
phosphorylates LHCII [3, 4]. After random mutagenesis of the gene coding for subunit IV of cyt b6f
and screening for impaired state transitions, we have identified a stromal region of the complex
involved in the activation of Stt7. Mutants of residues Asn122, Tyr124 and Arg125 in this stromal
loop show no quenching of PSII fluorescence emission associated with state transitions, no
modification of the relative antenna sizes of PSII and PSI and very low levels of phosphorylation
of LHCII antenna proteins. In vitro cross-linking experiments with the purified Stt7 kinase domain
and cyt b6f complex suggest that subunit IV interacts with Stt7, and in vitro reconstitution assays
with ATP show that Stt7 is active and that the cyt b6f induces Stt7 auto-phosphorylation. The EPR
spectrum of heme ci in mutant Arg125Glu differs from the WT and suggests that the stromal loop
could respond to local Qi site conformational changes induced by variations in the occupancy of
this site and in the redox state of the cofactors of the low-potential chain. We propose a model for
the activation of Stt7 by the cyt b6f and suggest that the mechanism of state transitions found in the
green lineage has co-evolved with Rieske/cyt b complexes.

1. Bonaventura, C. and J. Myers. Biochim Biophys Acta, 1969. 189(3): p. 366-83.
2. Wollman, F.-A. and C. Lemaire. Biochim Biophys Acta, 1988. 933(1): p. 85-94.
3. Lemeille, S., et al., PLoS Biol, 2009. 7(3): p. e45.
4. Zito, F., et al., EMBO J, 1999. 18(11): p. 2961-9.
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O2-2: Hector Miranda-Astudillo: Non-classical structures and association of
the OXPHOS complexes in Euglena gracilis and Polytomella sp.
Héctor V. Miranda-Astudillo1, K.N. Sathish Yadav2, Lilia Colina-Tenorio3, Fabrice Bouillenne4,
Hervé Degand5, Pierre Morsomme5, Bénédicte Salin6, Marie-France Giraud6,
Diego González-Halphen3, Egbert J. Boekema2, Pierre Cardol1
1

2

Genetics and Physiology of microalgae, InBioS/Phytosystems University of Liège, Belgium
Department of Electron Microscopy, Groningen Biological Sciences and Biotechnology Institute, University of Groningen,
Groningen, The Netherlands
3
Departamento de Genética Molecular, Instituto de Fisiología Celular,
Universidad Nacional Autónoma de México, Mexico
4
InBioS/Centre for Protein Engineering, University of Liège, Belgium
5
Institut des Sciences de la Vie, Université Catholique de Louvain, Louvain-la-Neuve, Belgium
6
Energy Transducing Systems & Mitochondrial Morphology, University of de Bordeaux, IBGC-CNRS, Bordeaux, France

To date, the idea that the OXPHOS complexes can associate with each other in larger
structures named supercomplexes[1] is generally accepted. This association can allow a more
efﬁcient transport of electrons to minimize the generation of reactive oxygen species during
electron transfer reactions and can also be involved in the regulation of the mitochondrial
metabolism in response to different stimuli, carbon sources or stress conditions. Recently, the
arising studies outside the classical models yeast and bovine mitochondria brought to light many
unusual characteristics in the ATP synthase from a wide variety of organisms. Due to this, the
dimer nature of the mitochondrial ATP synthase is no longer a matter of debate. Given the large
structural differences among the peripheral stator and dimerization modules of mitochondrial ATP
synthases described so far, it is of relevance to study a wider number of species to gain insight into
the structural diversity of their OXPHOS complexes.
Recently, our group showed that at least 41 of the non-canonical subunits reported in
trypanosomes are also present in Euglena complexes along with 48 classical subunits described in
other eukaryotes including green plants[2]. Further purification of the complexes I, III, IV and V by
liquid chromatography after solubilization with n-β-dodecyl-maltoside and the subsequent
analysis by single-particle analysis from transmission electron microscopy revealed some unusual
features in Euglena respiratory complexes. In the case of complex V the structures of both the
catalytic and central rotor parts are conserved while other structural features are original, including
a large membrane-spanning region joining the monomers, an external peripheral stalk and a
structure that goes through the membrane and reaches the inter membrane space below the cring[3]. Complex I also shows an unusually long matricial arm. Complex IV shows an atypical
shape compared to that of the bovine one. An unusual association between complexes I and V can
be observed when the membranes are extracted with the mild detergent digitonin.
Other case of atypical subunit composition is the complex V of chlorophycean algae. Each
monomer of the enzyme has 17 polypeptides, eight of which are the conserved, main functional
components, and nine polypeptides (Asa1 to Asa9) unique to this lineage that form the robust
peripheral stalk in this complex[4]. This complex presents highly stable dimeric and tetrameric
structures, and the respiratory complexes have an unusual capacity to reassociate in vitro and
restore the functional respirasome.
1. H. Schägger, K. Pfeiffer, EMBO J. 19 (2000) 1777–1783. doi:10.1093/emboj/19.8.1777.
2. E. Perez, M. Lapaille, H. Degand, L. Cilibrasi, A. Villavicencio-Queijeiro, P. Morsomme, D. González-Halphen, M.C. Field,
C. Remacle, D. Baurain, P. Cardol, Mitochondrion. 19 (2014) 338–349. doi:10.1016/j.mito.2014.02.001.
3. K.N.S. Yadav, H. V. Miranda-Astudillo, L. Colina-Tenorio, F. Bouillenne, H. Degand, P. Morsomme, D. GonzálezHalphen, E.J. Boekema, P. Cardol, Biochim. Biophys. Acta - Bioenerg. 1858 (2017) 267–275.
doi:10.1016/j.bbabio.2017.01.007.
4. M. Vázquez-Acevedo, F. Vega-deLuna, L. Sánchez-Vásquez, L. Colina-Tenorio, C. Remacle, P. Cardol, H. MirandaAstudillo,
D.
González-Halphen,
Biochim.
Biophys.
Acta
Bioenerg.
1857
(2015)
1183–1190.
doi:10.1016/j.bbabio.2016.02.003.
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O2-3: Léna Beauzamy: Solar to electric conversion thanks to the alga
Chlamydomonas reinhardtii
Poster PO2
Léna Beauzamya,b, Adnan Sayegha,b, Yves Choquetb, Jérôme Delacottea,
Benjamin Bailleulb, Manon Guille-Collignona, Frédéric Lemaîtrea,
Pierre Joliotb and Francis-André Wollmanb
a

b

: ENS chimie, UMR 8640, Laboratoire PASTEUR, 24 rue Lhomond, 75005, Paris, France
: IBPC, UMR 7141, Laboratoire de Physiologie Membranaire et Moléculaire du Chloroplaste,
13 rue Pierre et Marie Curie, 75005, Paris, France

In the quest for new energy sources, photosynthetic organisms appear very promising, as
they can harvest and transform the most abundant energy our planet receives: solar energy. In
these organisms the energy is stored in the organic matter they eventually produce. But during its
conversion pathway, the energy passes through the photosynthetic chain in the form of electrons,
which could be partially redirected towards an electrical circuit. Shortcutting the photosynthetic
electron pathway improves the energetic conversion yield and provides the most widely used
energy in our society: electricity.
As photosynthetic organism we decided to work with the alga Chlamydomonas reinhardtii,
because of its ability to survive in different environments, making it a potential robust bio-battery
with no special care required. At variance with bio-batteries based on isolated chloroplasts or
thylakoid membranes, working with whole viable organisms and electron-shuttle molecules would
allow to design long-lived batteries.
To this aim, we combine different strategies: designing mutations rendering the
photosynthetic electrons transporters more accessible to the external electron-shuttle, designing
different electron-shuttles by playing on their hydrophobic/hydrophilic, bulkiness and redox
properties. The resulting shuttle-algae interactions are studied by spectroscopy and
electrochemistry methods.
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C3: Pierre Rustin: Mitochondria are physiologically maintained at close to 50 °C

Poster PO3
Pierre Rustin1,2, Dominique Chrétien1,2, Paule Bénit1,2, Hyung-Ho Ha3, Susanne Keipert4,
Riyad El-Khoury5, Young-Tae Chang6, Martin Jastroch4, Howard T Jacobs7,8,
Malgorzata Rak1,2

1

INSERM UMR1141, Hôpital Robert Debré, 48, Boulevard Sérurier, 75019, Paris, France
2
Université Paris 7, Faculté de Médecine Denis Diderot, Paris, France
3
College of Pharmacy, Suncheon National University, Suncheon, 540-742 Republic of Korea
4
Institute for Diabetes and Obesity, Helmholtz Centre Munich, German Research Center for Environmental Health,
85764 Neuherberg, Germany
5
Neuromuscular Diagnostic Laboratory, Department of Pathology & Laboratory Medicine,
American University of Beirut Medical Center, Beirut, Lebanon
6
Department of Chemistry, POSTECH, Pohang, Gyeongbuk, 37673 Republic of Korea
7
BioMediTech and Tampere University Hospital, FI-33014 University of Tampere, Finland
8
Institute of Biotechnology, FI-00014 University of Helsinki, Finland

In endothermic species, heat released as a product of metabolism ensures stable internal
temperature throughout the organism, despite varying environmental conditions. Mitochondria are
major actors in this thermogenic process, most of the energy released by the oxidation of
respiratory substrates being released as heat and not as ATP (less than 40%). Using a temperaturesensitive fluorescent probe targeted to mitochondria, we measured mitochondrial temperature in
situ under different physiological conditions. At a constant external temperature of 38 °C,
mitochondria were more than 10 °C warmer than the suspending cell medium, when the
respiratory chain was fully functional, both in HEK293cells and primary skin fibroblasts. This
differential was abolished in cells lacking mitochondrial DNA or by respiratory inhibitors, but
preserved or enhanced by expressing thermogenic enzymes such as the alternative oxidase or the
uncoupling protein 1. The activity of various RC enzymes was maximal at, or slightly above, 50
°C. Our study prompts a re-examination of the literature on mitochondria, taking account of the
inferred high temperature.
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O3-1: Anne Devin: The Crabtree Effect is induced by glycolysis-derived
hexoses phosphates
Poster PO4
Rosas Lemus Mónica1,2,*, Roussarie Elodie1,2,*, Hammad Noureddine1,2*, Mougeolle Alexis1,2,
Stéphane Ransac1,2, Razanne Issa1,2, Jean-Pierre Mazat1,2, Uribe-Carvajal Salvador3,
Rigoulet Michel1,2, Devin Anne1,2,$

1. Université Bordeaux, IBGC, UMR 5095, Bordeaux, France
2. Institut de Biochimie et Génétique Cellulaires, CNRS UMR 5095, Bordeaux, France
3. Instituto de Fisiología Celular, Universidad Nacional Autónoma de México, México
* Authors contributed equally

The Crabtree effect was first evidenced by H. Crabtree in 1929 and is defined as the
glucose-induced repression of cellular respiratory flux. This effect was evidenced in tumor cells
and had no occurrence in non-tumor cells. A number of hypothesizes have been formulated
regarding the origin of the effect. To this day, no consensual mechanism regarding this effect has
been described. In a previous study on isolated mitochondria, we proposed that fructose-1,6bisphosphate that inhibits the respiratory chain plays a role in the induction of the Crabtree effect.
Using yeast as a model, we show that not only this hexose phosphate plays a key role in the
process but so does glucose-6-phosphate that has an opposite role on the regulation of the
respiratory flux. Consequently, the induction of the Crabtree effect strongly depends on the ratio
between these two hexoses phosphate that arise from glycolysis. Last, in silico modelling of the
Crabtree effect demonstrates the necessity of a modulation of the respiratory flux by a coordinated
variation of glucose-6-phosphate and fructose-1,6-bisphosphate to fit the respiratory rate decrease
observed upon glucose addition to cells.
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O3-2: Audrey Sémont: Implication of cardiac mitochondrial ROS production
in cardiomyocyte signaling and cardiac rhythm
Poster PO5
Sémont A.1,2, Detaille D.1;2, Pasdois P.1,2, Vaillant F.1,2, Abell E. 1,2, Colin C. 2,5, Arbault S.5,
Dos Santos P.1,2,3,4 & Diolez P.1,2,3
1

IHU Liryc, Electrophysiology and Heart Modeling Institute, fondation Bordeaux Université, F-33600 Pessac, France.
2
Univ. Bordeaux, Centre de recherche Cardio-Thoracique de Bordeaux, U1045, Bordeaux, France.
3
INSERM, Centre de Recherche Cardio-Thoracique de Bordeaux, U1045, Bordeaux, France
4
Bordeaux University Hospital (CHU), Heart Failure Treatment Unit, F-33600 Pessac, France.
5
ISM Institut des Sciences Moléculaires ENSCBP, F-33600 Pessac, France

Mitochondria are not only essential in meeting energetic demand for electrical activity,
calcium cycling and contraction of cardiac muscle: they are also crucial in cell signaling (Ca2+,
ROS, NO). Mitochondria are now widely considered as major ROS producers in cells and have
been associated with numerous cardiac pathologies, including arrhythmias. However, evidences
also emerge to support that ROS (cytosolic and mitochondrial) are strongly involved in the
physiological regulation of numerous activities in heart cell [1]. Therefore, we aim to better
understand how mitochondrial ROS are involved in excitation-contraction coupling processes in
heart.
First of all, we will test the effects of antioxidant molecules specific for cytosolic (N-acetyl
cystein) or mitochondrial (Mito-tempo) on the hemodynamic parameters of isolated beating rat
heart and correlate these studies with spectrofluorimetric studies of isolated cardiomyocytes (Ca2+,
superoxide/ROSproduction, …) stimulated via platinum electrodes using IonOptix® system. Our
working hypothesis is presented in the figure and postulates that rythmic mitochondrial activation
by Ca2+ in heart [2] may be mediated by transient opening of mPTP triggered by Ca2+ and
mitochondrial ROS.

For a deeper understanding of mitochondrial role in Ca2+ signaling, studies of mitochondrial
ROS will be performed using specific inhibitors of mitochondrial ROS production, starting with
OP2113 molecule. We recently demonstrated that OP2113 decreases ROS/H2O2 production by
isolated rat heart mitochondria by acting as a direct specific inhibitor of the production of ROS at
site IQ of complex I of the mitochondrial respiratory chain, the main mitochondrial site of ROS
production, without affecting oxidative phosphorylation. Besides its interest in pathologies,
OP2113 will be a very interesting tool to study mitochondrial physiology.
1. Kohler, A. C., et al. - 2014 - Reactive oxygen species and excitation-contraction coupling in the context of cardiac
pathology. J Mol Cell Cardiol. 73, 92-102.
2. Diolez, P., et al. - 2007 - Modular regulation analysis of heart contraction: application to in situ demonstration of a
direct mitochondrial activation by calcium in beating heart. Am J Physiol Regul Integr Comp Physiol. 293, R13-19.
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C4: Véronique Paquis-Flucklinger: CHCHD10 mutations: how mitochondrial
dysfunction triggers motor neuron degeneration?
Véronique Paquis-Flucklinger a,b
a

b

: Université Côte d’Azur, Inserm, CNRS, IRCAN, Nice, France
: Centre de Référence des Maladies Mitochondriales, Euro-NMD, CHU de Nice, France

Recently, we provided genetic basis to support the conclusion that mitochondrial
dysfunction can have a causative effect in motor neuron degeneration. We reported a large family
with a mitochondrial myopathy associated with motor neuron disease and cognitive decline
looking like frontotemporal dementia (FTD). We identified a missense mutation (p.Ser59Leu) in
the CHCHD10 gene coding for a mitochondrial protein whose function was unknown. The
observation of a frontotemporal dementia-amyotrophic lateral sclerosis (FTD-ALS) phenotype in
a mitochondrial disease led to analyse CHCHD10 in cohorts of patients with FTD and ALS
clinical spectrum. Rapidly, our group and others reported CHCHD10 mutations in patients with
FTD-ALS and familial or sporadic pure ALS. Furthermore, a founder mutation in CHCHD10 was
identified in 17 Finnish families with late-onset spinal motor neuropathy (SMAJ), a benign motor
neuron disease. We also showed that CHCHD10 is a mitochondrial protein located in the
intermembrane space that is associated with MICOS complex, involved in mitochondrial cristae
maintenance. Disassembly of MICOS complex in patient fibroblasts carrying the CHCHD10S59L
mutant allele leads to loss of mitochondrial cristae, disorganisation of nucleoids and defect in
caspase-dependent apoptosis.
Amyotrophic lateral sclerosis is a devastating disease affecting upper and lower motor
neurons leading to progressive failure of the neuromuscular system and death from respiratory
failure. Among all factors involved in ALS pathogenesis, mitochondrial dysfunction has always
been recognized as a candidate major player. However, whether mitochondria have a causative
role in ALS has been always debated. Our results open a new field to explore the pathogenesis of
motor neuron disease by showing that mitochondrial dysfunction may be at the origin of some of
these phenotypes.
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O4-1: Stéphen Manon: New aspects of apoptosis regulation by the Bcl-2
protein family at the mitochondrial level:
physiological and pathological implications
Stéphen Manon a and Laurent M. Dejeanb
a

b

: IBGC, UMR 5095, CNRS & Université de Bordeaux, 1 Rue Camille Saint-Saëns, 33000 Bordeaux, France
: Department of Chemistry, California State University of Fresno, 2555E San Ramon Avenue, Fresno CA93790-8034, USA

Apoptosis is now established as the main form of programmed cell death in animals. It plays a
pivotal role in development and along the whole life, as a way to mediate the elimination of
dispensable or potentially dangerous cells. Apoptosis is also involved in the response to toxic
molecules and treatments, such as anti-tumoral therapies. Alterations of apoptosis are thus
involved in developmental defects, in tumor progression, and in the failure of anti-cancer
treatments.
Proteins known as the Bcl-2 family members are major players of apoptosis. Their main
target is the outer mitochondrial membrane, of which they regulate the permeabilization to
different proteins, known together as “apoptogenic factors”. The release of these factors from the
mitochondrial intermembrane space is a major step along the cell death program [1].
Sharing remarkable structural similarities, Bcl-2 family members fall into 2 sub-families: proapoptotic proteins (Bax, Bak) are direct players in outer membrane permeabilization (MOMP),
while anti-apoptotic proteins (Bcl-2, Bcl-xL, Mcl-1,...) are inhibiting their function. A third related
group of proteins do not have the same high degree of similarity, but contain a short conserved
domain, the BH3 domain (hence their name of BH3-only proteins), that regulate the function of
both pro- and anti-apoptotic proteins. Interestingly, the BH3-domain is also present in proteins
that are not specifically involved in apoptosis but, if overexpressed, are able to regulate Bcl-2
family members.
For long, Bax was essentially regarded as a cytosolic protein in non-apoptotic cells, that was
translocated to mitochondria in apoptotic cells. Anti-apoptotic proteins were thought to prevent
this process by retaining Bax away from mitochondria. More recently, a number of observations
have shown that the subcellular localization of Bax follows a dynamic equilibrium, that is
regulated by different factors, including anti-apoptotic proteins, namely Bcl-xL, and Bax
phosphorylation by protein kinases involved in death or survival signaling pathways [2,3]. This
finely tuned regulation might be crucial to design anti-cancer therapies targeting anti-apoptotic
proteins that are overexpressed in tumoral cells [4].
Functional and imaging data have shown that the active form of Bax is an oligomer forming a
large protein-permeable pore in the outer membrane [5,6]. However, structural data showed that
active Bax is organized as a dimer [7], and the dimer/oligomer transition process is still a matter of
debate, that might be addressed through structure/function studies in reconstituted systems [8].
Finally, the role of mitochondrial components on Bax translocation has been investigated.
Mitochondrial receptors Tom22 and Tom20 participate to the implementation of Bax and Bcl-2
functions, respectively. The stability of Mitochondria-Associated Membranes (MAMs) also
emerges as a factor possibly regulating the localization and/or function of these proteins.
These questions have been addressed by using different models, including mammalian cells,
recombinant proteins, and heterologous expression of human Bcl-2 family members in yeast.
1. T.T. Renault, L.M. Dejean and S. Manon. Mech. Ageing Dev. (2017) 161, 201-210.
2. T.T. Renault, O. Teijido, F. Missire, Y.T. Ganesan et al. Int. J. Biochem. Cell Biol. (2015) 64, 136-146
3. L. Simonyan, T.T. Renault, M.J. Da Costa Novais, M.J. Sousa et al. FEBS Lett. (2016) 590, 13-21
4. F. Gautier, Y. Guillemin, P.F. Cartron, T. Galenne et al. Mol. Cell. Biol (2011) 31, 832-844
5. S. Martinez-Caballero, L.M. Dejean, M.S. Kinnally, K.J. Oh et al. J. Biol. Chem. (2009) 284, 12235-12245
6. L. Große, C.A. Wurm, C. Brüser, D. Neumann et al. EMBO J. (2016) 35, 402-413
7. D. Westphal, G. Dewson, M. Menard, P. Frederick et al. Proc. Nat. Acad. Sci. USA (2014) 111, 4076-4085
8. L. Simonyan, A. Légiot, I. Lascu, G. Durand et al. Biochim. Biophys Acta (2017) 1859, 1144-1155
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O4-2: Maxence de Taffin de Tilques: Exploration of potential therapeutic
pathways against the Barth syndrome using yeast as a model
Poster PO6
Maxence de Taffin de Tilquesa, Déborah Tribouillard-Tanviera#, Corinne Blancarda,
Bénédicte Salina, Eric Testetb, Emmanuel Tétauda, Jean-Paul di Ragoa and Jean-Paul Lasserrea.
a

: Institut de Biochimie et Génétique Cellulaires, UMR 5095,CNRS-Université de Bordeaux,
1, rue Camille Saint-Saëns, CS 61390, 33 077 Bordeaux Cedex, France
b
: Laboratoire de Biogénèse Membranaire, UMR 5200, CNRS-Université de Bordeaux,
Bâtiment A3, 71 avenue Edouard Bourlaux, 33 883Villenave d'Ornon, France
#
: Research associate from INSERM

The phospholipid cardiolipin (CL) has many roles in mitochondrial structure and function,
ranging from assembly/stability and functioning of the oxidative phosphorylation (OXPHOS)
system, fusion and fission of mitochondrial membranes, mitochondrial protein import, iron-sulfur
(Fe-S) biogenesis, apoptosis, and protection of mitochondria against oxidative damage. The
maintenance of a proper unsaturated acyl chain composition of CL involves the acyltransferase
tafazzin in which mutations cause Barth syndrome (BTHS), resulting in cardiac and skeletal
myopathy, cyclic neutropenia and respiratory chain defects.
Despite considerable progress in the understanding of the underlying pathogenic
mechanisms, there are still no effective therapies to treat this disease. We are using the yeast
Saccharomyces cerevisiae, in which the tafazzin-based cardiolipin remodeling pathway is
conserved, as a model system for the exploration of potential therapeutic pathways against BTHS,
by way of genetic suppressors and chemical screening. We first constructed a yeast strain lacking
the orthologous taffazin gene (Δtaz1). Consistent with previous studies, our Δtaz1 yeast failed to
grow on non-fermentable carbon sources at elevated temperatures (36°C) and exhibited defects in
several components of the mitochondrial respiratory system.
Interestingly, we found that oxidative phosphorylation was fully restored in Δtaz1 yeast by
overexpressing Odc1p [1]-a mitochondrial carrier that transports Krebs cycle intermediates- and by
a number of chemical compounds. Some of the rescuing drugs act by partially inhibiting
mechanisms involved in cytosolic protein homeostasis leading to a full recovery of oxidative
phosphorylations. Our findings identify potential cellular components and pathways for the
pharmacological treatment of BTHS patients.

1. M. de Taffin de Tilques, D. Tribouillard-Tanvier, E. Tetaud, E. Testet , J.P. di Rago, J.P. Lasserre, Disease
models & mechanisms (2017) 10: 439-450
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O4-3: Jean-Jacques Lacapère: Does TSPO from Bacillus cereus
act as a porphyrin regulator?
Lacapère J.-J., Issop L., Lequin O. and Papadopoulos V.
UMR 7203, Laboratoire des Biomolécules, UPMC-ENS-CNRS 4 place Jussieu- case courrier 182-75005 Paris

The 18 kDa translocator protein TSPO is a transmembrane protein that has been conserved
through evolution from bacteria to mammals. It remains unknown if a unique function has also
been conserved. Bacterial TSPO could regulate porphyrin content while mammalian TSPO could
be involved in cholesterol transport, a key step in steroidogenesis. The latter has been recently
questioned and the role of mammalian TSPO in porphyrin regulation has been suggested but
remains poorly studied. Questioning the role of TSPO in porphyrin biosynthesis can be useful for
the treatment of porphyria, a pathology that leads to porphyrin accumulation.
Upon addition of a heme/porphyrin precursor, ALA (δ-Aminolevulinic acid), E. coli
secretes porphyrin in the external medium, which amounts are increased when Bacillus cereus
TSPO (BcTSPO) expression is induced. BcTSPO localization has been characterized in both outer
and inner membranes of E coli bacteria suggesting the involvement of TSPO in porphyrin
secretion. We produced recombinant BcTSPO and performed its biochemical and biophysical
characterization. The detergent purified BcTSPO has a secondary structure in agreement with the
five helices previously determined by X-ray crystallography. In order to characterize the function
of BcTSPO, we first show that this protein binds protoporphyrin IX (PPIX) using visible
spectroscopy, NMR and fluorescence. Secondly, we noticed that BcTSPO decreases almost
completely the fluorescence of bound PPIX upon UV irradiation. This suggests an enzymatic
activity of BcTSPO that we are challenging to characterize in bacteria.
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C5: Olivier Vallon: Nuclear control of organelle gene expression in algae
O. Vallon1, M. Cavaiouolo1, Y. Choquet1, F.A. Wollman1,
T. Salinas2 and L. Drouard-Maréchal2
1

2

UMR 7141 CNRS/UPMC, Institut de Biologie Physico-Chimique, Paris
Institut de Biologie Moléculaire des Plantes, CNRS, Université de Strasbourg

Regulation of organelle gene expression is a largely post-transcriptional process controlled at
all steps of RNA metabolism, from early stabilization to degradation. I will present our latest
findings on the transcriptomes of the organelles of the unicellular green alga Chlamydomonas
reinhardtii and describe some of the nucleus-encoded functions that control and possibly regulate
organelle gene expression.
In the chloroplast, gene-specific RNA-binding proteins (called M-factors) determine the
steady state levels of mRNA by stopping the action of exo-ribonucleases. Using Illumina
sequencing of long and small RNA to describe the transcriptome and its dynamics, we show that
the mature 5’-end of almost every chloroplast mRNA is marked by a cluster of sRNA
corresponding to the footprint of a stably bound M-factor. These cosRNA are absent in the
cognate M-factor mutants. Some mark transcription start sites (5'-triphosphorylated), others posttranscriptional processing sites (5'-monophosphorylated). Antisense transcription is rampant, but
these transcripts do not accumulate. Their degradation yields high levels of sRNA. Antisense
sRNA over-accumulate when chloroplast translation is blocked, while they disappear in the
absence of the cognate mRNA. This suggests that they result mostly from the degradation of
double-stranded RNA formed by pairing with the sense RNA, probably by an RNAse III-class
enzyme. Chloramphenicol treatment, by freezing ribosomes on the CDS, leads to the formation of
32-34 nt sense sRNA that we interpret as ribosome-protected fragments. We used this "in vivo
ribosome footprinting" to identify the mode of action of candidate trans-acting factors.
Mitochondrial RNAs are generated from two diverging poly-cistronic transcripts.
Extending previous results, we find that all mRNA start exactly at the AUG translation initiation
codon and that clusters of sRNA are usually found at this position. Exoribonucleases can trim the
3'-end, but most mRNA show post-transcriptionally added tails which we suppose contribute to
maintain a minimum length for the natively short 3'-UTR. Interestingly, these tails are not
composed of A or U as in other systems, but are rich in Cytosine, a residue hitherto never
described in 3'-tails. Polycytidylation is specific of the mitochondria of Chlorophyceae, the group
of green algae to which Chlamydomonas belongs. A phylogenetic analysis of class-II NucleotidylTransferases in algae identifies two candidate genes for the polycytidylation enzyme.
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O5-1: Arnaud Mourier: Role of Mitofusins proteins
in maintaining OXPHOS function
Poster PO7
Arnaud Mourier1,2,3, Elisa Motori1, Eduardo Silva Ramos1, Tobias Brandt4, Marie Lagouge1,
Ilian Atanassov1, Anne Galinier5, Gunter Rappl6, Susanne Brodesser7, Kjell Hultenby8,
Christoph Dieterich1, Nils-Göran Larsson1,8*.
1

Max Planck Institute for Biology of Ageing, Joseph-Stelzmann-Strasse 9b, 50931 Cologne, Germany.
2
Université de Bordeaux, IBGC UMR 5095, 1 rue Camille Saint-Saëns, 33077 Bordeaux, France
3
CNRS, IBGC UMR 5095, 1 rue Camille Saint-Saëns, F-33077 Bordeaux, France
4
Max Planck Institute of Biophysics, Max-von-Laue-Strasse 3, 60438 Frankfurt, Germany
5
STROMALab, UMR Université Paul Sabatier/CNRS 5273, Inserm U1031, BP 84 225 – F-31 432, Toulouse, France
6
Department I of Internal Medicine, University Hospital Cologne, 50931 Cologne, Germany
7
CECAD Research Center, Lipidomics Facility, University of Cologne, 50931 Cologne, Germany
8
Department of Laboratory Medicine, Karolinska Institutet, Stockholm, Sweden

Mitochondria form a dynamic network within the cell as a result of balanced fusion and
fission. Despite the established role of Mitofusins (MFN1 and MFN2) in mitochondrial fusion,
only MFN2 has been associated with metabolic and neurodegenerative diseases, suggesting that
MFN2 is needed to maintain mitochondrial energy metabolism. The molecular basis for the
mitochondrial dysfunction encountered in the absence of MFN2 is not yet fully understood. We
recently showed that loss of MFN2 in mouse heart leads to an impaired mitochondrial respiration
and reduced ATP production, and that this defective oxidative phosphorylation process
unexpectedly originates from a depletion of the mitochondrial coenzyme Q pool. Our study
unravels an unexpected and novel role for MFN2 in maintenance of the terpenoid biosynthesis
pathway, which is necessary for mitochondrial coenzyme Q biosynthesis[1]. The reduced
respiratory chain function in cells lacking MFN2 can be partially rescued by coenzyme Q10
supplementation, which suggests a possible therapeutic strategy for patients with diseases caused
by mutations in the Mfn2 gene.
1. A. Mourier, E. Motori, T. Brandt, M. Lagouge, I. Atanassov, A. Galinier, et al., Mitofusin 2 is required to
maintain mitochondrial coenzyme Q levels, J. Cell Biol. 208 (2015) 429–442. doi:10.1083/jcb.201411100.
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O5-2: Axel Magalon: The how and why of cellular organization of respiration
in Escherichia coli
Poster PO8
Bulot Suzya, Alberge Françoisa, Lafrogne Juliettea, Espinosa Leona, Seduk Faridaa,
Pieulle Laetitiaa, Magalon Axela
a

Aix-Marseille Université & CNRS, Laboratoire de Chimie Bactérienne, UMR7283,
Institut de Microbiologie de la Méditerranée, 31 chemin Joseph Aiguier 13009 Marseille
The technological advances of the last two decades have unveiled that numerous cellular
processes in prokaryotes are regulated by a specific and dynamic spatial organization of their
components. In this context, it is striking to note that spatial organization of components of
respiration has been little studied despite the key role of this process providing the main source of
energy to the cell, ATP. Do respiratory complexes display a particular spatial organization? Is it
dynamic and does it meet different energy needs in relation to metabolic or environmental
conditions? Finally, is there a correlation between the functioning and the efficiency of these
respiratory complexes and their spatial organization?
By combining genetics, bacterial physiology and fluorescence microscopy at the single cell
level, it is now possible to address these issues using the gut bacterium Escherichia coli as a
cellular model. Our results indicate that many respiratory complexes have a specific and dynamic
subcellular organization. The spatio-temporal organization is closely regulated by environmental
conditions and seems to be linked to the conditions under which the complexes are solicited. By
way of example, polar clustering of a terminal reductase is associated with an increase in the
electron flow through the complex and confers the ability to grow to the bacterium [1]. Similarly,
ATP synthase exhibits distinct spatial organization when the complex is essential for growth.
Altogether, our current working model implies that the availability of substrate, quinone or
transmembrane gradient of protons, is not equivalent in the cell. In general, our results uncover an
original and dynamic process regulating the activity of the respiratory chain which could confer
advantages in host colonization and pathogenesis [2].
1. Alberge F., Espinosa L., Seduk F., Sylvi L., Toci R., Walburger A. and A. Magalon (2015) Dynamic
subcellular localization of a respiratory complex controls bacterial respiration. Elife. doi : 10.7554/eLife.05357
2. Magalon A. and F. Alberge (2016) Distribution and dynamics of OXPHOS complexes in the bacterial
cytoplasmic membrane. BBA-Bioenergetics. 1857:198-213
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O5-3: Justin Findinier: Involvement of Dynamin Related Proteins
in Plastid Membrane Dynamics
Poster PO9
Justin Findiniera, Mickael Cohena
a

: Laboratoire de Biologie Cellulaire et Moléculaire des Eucaryotes, UMR8226, CNRS/UPMC, 75005, PARIS

Dynamin-Related-Proteins (DRPs) are large GTPases widespread in the kingdoms of life
from fungi and bacteria to higher eukaryotic organisms like mammals and plants. They are
involved in membrane dynamics thanks to their particular ability to shape lipid bilayers. They
have been extensively involved in fission and, to a lower extent, in fusion processes.
The canonical Dynamin is known to form a helical ring structure that will trigger the release
of clathrin coated vesicles during endocytosis. Since then, growing evidences have placed DRPs
as key actors for division and proliferation of energy transducing membranes organelles including
mitochondria and plastids such as chloroplasts. In fact, DRPs have themselves, like chloroplasts
and mitochondria, a prokaryotic origin and one could expect that the dynamics of respiratory and
photosynthetic membranes is intricately linked to the remodelling properties of DRPs.
In this regard, mitochondria are organized as a tubular network regulated by fission and
fusion events mediated by no less than three different DRPs. In yeast, Dnm1 promotes the division
of mitochondrial tubules through the formation of a constriction ring whereas the mitofusin Fzo1
tethers outer membranes and triggers their fusion followed straight after by inner membrane
fusion mediated by Mgm1 [1,2]. Then, while the role of DRPs in respiration has been fully
demonstrated, their involvement in photosynthesis still needs to be more deeply investigated.
In plants, chloroplasts are the place where photosynthesis, a reaction crucial for life
spreading on Earth, occurs. This reaction is hosted on thylakoid membranes where light energy is
captured through photosystem I and II, and converted to carbonated molecules that fuel the whole
plant. Despite the highly structured architecture of thylakoids, involvement of DRPs in shaping
those sub-organelles has been barely studied. Six families of DRPs have been identified in plant
genomes. The DRP1 are necessary for cell plate formation and cytokinesis, and DRP3 are thought
to trigger mitochondrial and peroxisomal fission. Only two DRPs have a function related to plastid
membrane dynamics. The role of DRP5B, formerly known as ARC5 in chloroplast division has
been studied in many organisms and is reminiscent of Dnm1 function in mitochondrial fission [3-5].
Another DRP called Fzl (Fuzzy Onion Like) for its resemblance to the yeast mitofusin Fzo1 has
been associated to envelope and thylakoid membranes in Arabidopsis thaliana without any further
functional investigation [6,7].
Here, we have been studying the presumed Fzl counterpart of the unicellular microalgae
Chlamydomonas reinhardtii, which contains a single chloroplast. We already have confirmed its
plastid localization by subcellular fractionation and fluorescence microscopy. Generation of a null
mutant through CRISPR/Cas9 technology [8] has been achieved in order to study the impact of this
mutation on the function of photosynthetic membranes. With these first observations and tools, we
will hopefully shed light on the mechanism that determines the relationship between thylakoids
structure and optimal photosynthesis.
1. Hoppins, S. & Nunnari, J. Biochim Biophys Acta (2009) 1793, 20-26.
2. Westermann, B. Nat Rev Mol Cell Biol (2010) 11, 872-884.
3. Gao, H. et al. Proc Natl Acad Sci U S A (2003) 100, 4328-4333.
4. Miyagishima, S. Y. et al. Plant Cell (2003) 15, 655-665.
5. Sakaguchi, E. et al. Plant Sci (2011) 180, 789-795.
6. Gao, H. et al. Proc Natl Acad Sci U S A (2006) 103, 6759-6764.
7. Tremblay, A. et al. Sci Rep (2016) 6, 37797.
8. Shin, S. E. et al. Sci Rep (2016) 6, 27810.
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C6: Ildiko Szabo: Shedding light on plant mitochondrial calcium signaling
Enrico Teardo1, Veronique Larosa1, Luca Carraretto1, Sara De Bortoli1, Vanessa Checchetto1,
Elide Formentin1, Stephan Wagner2, Markus Schwarzlander2, Alex Costa3, Ildiko Szabo1
1

2

Department of Biology, University of Padova, Italy
Plant Energy Biology Lab, INRES - Chemical Signalling, University of Bonn, Germany
3
Department of Biosciences, University of Milan, Italy

In plants and animals a wide variety of environmental and developmental stimuli trigger Ca2+
transients of specific signature that can modulate gene expression and metabolism. Recent studies
have revealed that plant mitochondria and chloroplasts respond to biotic and abiotic stresses with
specific Ca2+ signals [1]. In animals, several molecular players involved in mitochondrial Ca2+
signalling have been identified, including the pore-forming mitochondrial calcium uniporter
(MCU) protein and three EF-hand containing regulatory subunits called MICUs [2]. Live imaging
together with biophysical and genetic approaches has recently allowed to identify the proteins
involved in Ca2+ uptake into plant mitochondria as well and to dissect subcellular Ca2+ dynamics
in green organisms [3]. In Arabidopsis thaliana, six isoforms of MCU homologs and only one
MICU homolog exist. Absence of MICU and of some MCU homologs significantly impact
calcium uptake into plant mitochondria in intact plants, without causing drastic changes in
bioenergetic parameters. In addition to the uniporter system, AtGLR3.5, a calcium-permeable
glutamate receptor family member has been located to mitochondria. AtGLR3.5 was shown to
display a dual location to mitochondria and chloroplasts due to alternative splicing and its lack is
associated with anticipated senescence, while lack of MCU complex components affect root
development and mitochondrial ultrastructure. Future work is required to dissect the metabolic
consequences of changes in mitochondrial Ca2+ dynamics and to understand the exact
physiological role(s) of plant MCUs.

1. Kmiecik P, Leonardelli M, Teige M. Novel connections in plant organellar signalling link different stress
responses and signalling pathways. J Exp Bot. 2016, 67:3793-807
2. Mammucari C, Gherardi G, Rizzuto R. Structure, Activity Regulation, and Role of the Mitochondrial Calcium
Uniporter in Health and Disease. Front Oncol. 2017, 7:139.
3. Wagner S, De Bortoli S, Schwarzländer M, Szabò I. Regulation of mitochondrial calcium in plants versus
animals. J Exp Bot. 2016, 67:3809-29
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O6-1: Jean-Claude Marie: Vasoactive intestinal peptide inhibits fMLF-induced
ROS production in human monocytes
Pia Chedid1,2, Tarek Boussetta1, Alain Couvineau1,
Pham My-Chan Dang1, Jamel El-Benna1 and Jean-Claude Marie1
1

Inserm, U1149, CNRS-ERL8252, Centre de Recherche sur l’Inflammation (CRI), Paris, France
and Université Paris Diderot, Sorbonne Paris Cité;
Laboratoire d’Excellence Inflamex, Faculté de Médecine, Site Xavier Bichat, Paris, France
2
Balamand University, Faculty of Health Sciences, Lebanon, Lebanese Republic

Reactive oxygen species (ROS) produced by the phagocyte NADPH oxide (NOX2) are used
for microbial clearance, however when produced in excess they will exacerbate inflammatory
response and injure surrounding tissues. NOX2 is a multicomponent enzyme composed of
membrane associated cytochrome b588 and cytosolic components p47phox, p67phox, p40phox
and rac1/2. We investigated if vasoactive intestinal peptide (VIP), an endogenous immunemodulatory peptide, could affect ROS production by NOX2 in primary human phagocytes. VIP, a
28 amino acid peptide, is part of the secretin/glucagon/ family. We showed that VIP dosedependently inhibited ROS production induced by the bacterial peptide fMLF in human
monocytes. VIP mediated its action by high affinity G-protein coupled receptors VPAC1 as its
specific agonist, [ALA11,22,28]VIP, mimicked VIP inhibitory effect whereas the specificVPAC1
antagonist, PG97-269, blunted VIP action. Further, we showed that VIP inhibited fMLF-induced
phosphorylation of ERK1/2, p38MAPK pathways and phosphorylation of p47phox on Ser345
residue. Also, VIP inhibited rat paw edema, induced by carrageenan, representing the first step of
inflammatory response. These data suggest that VIP acts as a natural anti-inflammatory agent of
the mucosal system and its analogues could be novel anti-inflammatory molecules.
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O6-2: Lorenzo Durante: GPR1/FUN34/YaaH members in Chlamydomonas:
are they real acetate transporters?
Poster PO10
Lorenzo Durante and Claire Remacle
Laboratoire de Génétique et Physiologie des microalgues,
Chemin de la Vallée, 4 (Bât. B22) Sart Tilman,
Université de Liège, Belgique

The green microalga Chlamydomonas reinhardtii can grow heterotrophically in presence of
acetate in the dark as sole carbon source, due to anabolic pathway of glyoxylate cycle almost
completely localised in the
peroxisomal microbodies [1]. Despite the significant advances gained on acetate metabolism, the
genes involved in acetate uptake are not yet identified in any green microalga species. Nowadays,
since C. reinhardtii genome was sequenced [2], the laborious effort to assign the function to the
numerous genes is still ongoing. Among them, 5 functionally uncharacterised genes predicted to
have 6-7 hydrophobic transmembrane helices were found within a gene set specifically responsive
to exogenous acetate and classified within the protein family GPR1/FUN34/YaaH [3]. Notably,
members belonging to GFY were already described in other microorganisms as carboxylate acids
transporters, including acetate as substrate [4-6] or involved in acetic acid sensitivity [7]. In C.
reinhardtii, these 5 genes identified as GFY1-5 exhibit 97% similarity between their coding
sequences, which might suggest a redundant role. However the divergent N-terminus sequences
and the distinct expression pattern in different cultivation conditions tested point to a different
situation. In particular, our qRT-PCR analyses showed that GFY1 and GFY2 transcripts were more
abundant in anaerobiosis while GFY3, GFY4, and GFY5 were mainly expressed during acetate
assimilation. In support of these findings, associated coexpressed genes also exhibited similar
expression patterns, typical of each condition. Our work also aims to shed light to their role, by
using insertional mutant and knock-down mutants. Currently, mutants for the genes GFY1, GFY2,
and GFY3 were obtained from the Chlamydomonas Library Project [8] with confirmed insertion
sites. No specific growth defect of the GFY1-3 mutants was noticed either in the light or in the
dark. Mutants for GFY4, GFY5 and GFY1-5 genes are presently under generation via artificial
micro RNA [9]. Finally, to address subcellular localisation, an optimised vector with targeting of
yellow fluorescent protein fusion will be used [10], taking into account that our bioinformatic
analyses showed that 4 out of the 5 genes carry noncanonical peroxisome targeting signal at Cterminus. In conclusion, our present data suggest differential roles into the acetate metabolism
and/or eventually a different subcellular localization of the putative acetate transporters.
1. Lauersen et al. (2016) Algal Research 16: 266-274
2. Merchant et al. (2007) Science. 2007 Oct 12;318(5848):245-50
3. Goodenough et al. (2014) Eukaryotic Cell, 13: 591-613
4. Paiva S et al. (2004) Yeast, 21:201-210
5. Sà-Pessoa J et al. (2013) Biochemistry Journal, 454: 585-595
6. Robellet et al. (2008) Biochemical Journal, doi: 10.1042/BJ20080124
7. Yarrowia lipolytica : Genetics, Genomics and Physiology. Gerold Barth Editor 2013, pp 145-163
8. Li et al. (2016) Plant Cell Advance Publication. https://doi.org/10.1105/tpc.15.00465
9. Molnar et al. (2009) The Plant Journal 58, 165-174
10. Lauersen et al. (2015) Appl Microbiol Biotechnol DOI 10.1007/s00253-014-6354-7
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O6-3: Mathilde Piel: Molecular bases of mitochondrial uncoupling protein 1
induced thermogenesis
Mathilde Piela,b, Sandrine Masscheleyna,b, Karine Moncoqa,b, Fabrice Giustia,b,
Manuela Zoonensa,b, and Bruno Mirouxa,b
a

b

: Université Paris-Diderot, IBPC, 75005, Paris, France
: CNRS, UMR 7099, Institut de Biologie Physico Chimique (IBPC), 75005 Paris, France

Brown adipose tissue has the specialised function of heat production during adaptive
thermogenesis. Its activity can both counteract obesity and ameliorate insulin resistance [1].
Central to this process is uncoupling protein 1 (UCP1), which is found in the inner mitochondrial
membrane and belongs to the mitochondrial carrier family (SLC25). In the presence of long-chain
fatty acids (LCFA) that are released during cold exposure, UCP1 increases the H+ conductance of
the mitochondrial inner membrane to ‘short-circuit’ the protonmotive force, which, in turn,
increases fatty acid oxidation and energy release as heat. Several mechanisms of fatty aciddependent proton-conductance by UCP1 have been proposed, however, the complete molecular
mechanism underlying UCP1-mediated thermogenesis cannot be formulated, as the precise
location of the fatty acid binding site(s) and proton conductance pathway in UCP1 have not been
determined and no relevant structural models in presence of ligands (FA or GDP) are available [23]
. The project addresses the identification of the fatty acid binding site in UCP1 using innovative
photochemistry approach coupled to mass spectrometry and will pave the way to ligand assisted
crystallisation of active conformation of UCP1. As proof of principle, 12-(4-azido-2nitrophenylamino)dodecanoic acid (AzDA) was synthesised. Cross-linking, MS analysis and cocrystallisation experiments with the fatty acid binding model protein β-lactoglobulin were
successfully performed. UCP1 was obtained from yeast recombinant mitochondria and from
amphipol based refolding [4-5] and cross-linking experiments will soon be carried out.
A

B

C

Val 92

Figure 1. Fatty acid cross-linking of β-lactoglobulin with AzDA. A Mass analysis of the full length protein before (red) or after
(blue) cross-linking with AzDA. B Chemical structure of AzDA. C Density map and structure of the β-lactoglobulin-AzDA
complex solved at 2.03 Å. The electron density map ((2Fo-Fc) blue mesh contoured at 1.0 σ) and the difference density map ((FoFc) green and red mesh contoured at 2.5σ) show extra density in one of the two AzDA binding sites.

1.
2.
3.
4.
5.

A.M. Cypess, L.S. Weiner, C. Roberts-Toler ,E. Franquet Elia, S.H. Kessler, P.A. Kahn , J. English, K. Chatman,
S.A. Trauger, A. Doria, G.M. Kolodny, Cell Metab. (2015) 21,33-38
A.M. Bertholet, Y. Kirichok, Biochimie (2017) 134, 28-34
M. Zoonens, J. Comer,S. Masscheleyn, E. Pebay-Peyroula, C. Chipot, B. Miroux, F. Dehez, J. Am. Chem. Soc.
(2013) 135, 15174−15182
M. Zoonens, J.L. Popot, J Membrane Biol (2014) 247, 759–796
G. Hattab, D.E. Warschawski, K. Moncoq, B. Miroux, Scientific Reports (2015)
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O6-4: Khadija Mathieu: A multidrug ABC transporter from
Streptococcus Pneumoniae with a strong taste for GTP
Khadija Mathieua, Cédric Orellea & Jean-Michel Jaulta
a

Molecular Microbiology and Structural Biochemistry, UMR5086 CNRS/Université de Lyon, IBCP 7 passage du
Vercors 69367, Lyon, FRANCE

The excessive use of antibiotics has led to the amplification of multidrug resistance in
pathogenic bacteria. Moreover, a British government study, « Antimicrobial Resistance: Tackling
a crisis for the health and wealth of nations », has shown that the death number due to
antimicrobial resistance could increase from 700 000 worldwide deaths in 2014 to more than 10
million in 2050 if nothing is done to stop the phenomenon [1]. Indeed, bacteria have developed
several mechanisms of antibiotic resistance. One of them is the antibiotic efflux by MDR
(MultiDrug Resistance) transporters, some of them belonging to the ABC (ATP-Binding Cassette)
transporter family. ABC transporter are ubiquitous membrane proteins with a conserved topology
comprising four domains: two «TransMembrane Domain» (TMD) used for substrate binding and
translocation and two cytoplasmic domain named «Nucleotide-Binding Domain» (NBD) used for
ATP binding and hydrolysis.
PatA-PatB is an ABC transporter from Streptococcus pneumoniae – a human pathogenic
bacteria – that is involved in resistance against fluoroquinolone antibiotics [2]. Transport and
hydrolysis studies in our laboratory show that, in contrast to other members of the ABC
superfamily, PatA-PatB preferentially uses GTP to transport drugs [3]. We are currently
investigating the molecular mechanism of this nucleotide preference by identifying the specific
residues of PatA/PatB responsible for this property. This could help us to identify other ABC
transporter members energized by GTP forming a GBC (GTP-Binding Cassette) subfamily.
1. J. O’Neill. Review on antimicrobial resistance (2014)
2. G. T. Robertson, T. B. Doyle and A. S. Lynch. AAC (2005) vol. 49 no. 11 4781-4783
3. C. Orelle, C. Durmort, K. Mathieu, B. Duchêne, S. Aros, F. Fenaille, F. Andre, C. Junot, T. Vernet and J. M.
Jault (submitted)
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C7: Vincent Fromion: Quantitative prediction of genome-wide resource
allocation in bacteria
Vincent Fromiona
a

INRA, UR1404, MaIAGE, Université Paris-Saclay, Jouy-en-Josas, France

Growth rate of self-replicating bacteria is limited by an intrinsic constraint: limited
resources must be allocated to the multiple cell processes required for growth, implying a
coordinated synthesis of all necessary proteins [1]. The cost associated to a particular cell process
mainly corresponds to the burden of synthesizing the proteins involved in this process. To
sustain growth without wasting resources, bacteria must carefully tune the allocation of resources
to different cellular pro-cesses. Quantitative prediction of the solution to this problem found by
bacterial cells has proven to be extremely challenging. Indeed, attempts to formalize the question
as an optimization problem led either to nonlinear formulations that became computationally
intractable for genome-scale models, or to constraint-based modeling methods that integrated
only a subset of constraints.
The principles governing resource allocation between cellular processes were previously
formalized in a constraint-based modeling method named Resource Balance Analysis (RBA) and
resulted in a tractable convex optimization problem [2]. The refinement of the underlying
mathematical description of cell processes entails inevitably an increased number of parameters
in the model. The quantitative prediction of resource allocation therefore requires an accurate
estimation of these parameters. We recently calibrated the RBA method using genome-wide
absolute protein quantification data and accurately predicted the resource allocation in the model
bacterium Bacillus subtilis for a wide range of growth conditions [3]. The RBA framework shows
promise for a wide range of applications in metabolic engineering and synthetic biology, and for
pursuing investigations of the design principles of cellular and multi-cellular organisms [4].

1. A. Goelzer and V. Fromion. Bacterial growth rate reflects a bottleneck in resource allocation. Biochimica et
Biophysica Acta (BBA)-General Subjects (2011) 1810(10), 978-988.
2. A. Goelzer, V. Fromion, and G. Scorletti. Cell design in bacteria as a convex optimization problem.
Automatica (2011) 47(6):1210–1218.
3. A. Goelzer, J. Muntel, V. Chubukov, M. Jules, E. Prestel, R. Nölker, M. Mariadassou, S Aymerich, M.
Hecker, P. Noirot, D. Becher and V. Fromion. Quantitative prediction of genome-wide re-source allocation
in bacteria. Metabolic Engineering (2015), 32: 232-243.
4. A. Goelzer and V. Fromion. Resource allocation in living organisms. Biochemical Society Transactions,
(2017) BST20160436.
.
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O7-1: Eric Pilet: New insight in quinone binding mode
in nitrate reductase A from E. coli
Eric Pileta,b, Maryam Seif-Eddinea, Farida Sedukc, Julia Rendona, Bruno Guigliarellia,
Axel Magalonc, Stephane Grimaldia
a

: Laboratoire de Bioénergétique et Ingénierie des Protéines, Aix Marseille Univ, CNRS, UMR 7281 -BIP,
Marseille, France
b : Université Pierre et Marie Curie-UFR927 Sciences de la vie 75005 Paris
c : Laboratoire de Chimie Bactérienne, Aix Marseille Univ, CNRS, UMR 7283- LCB, Marseille, France

Among prokaryotes, -proteobacteria are unique due to their ability to synthesize quinones of
low, intermediate and high-redox midpoint potentials. This property allows them to more easily
switch between low- and high-potential electron transport chains. A best known example is the gut
bacterium Escherichia coli able to use oxygen, nitrate, nitrite, fumarate, S- or N-oxides or even
selenate as terminal electron acceptors. A key question is how these electron transport chains
make use of different quinone species. To decipher the influence of the protein environment in
tuning enzyme reactivity towards quinones, we use E. coli nitrate reductase A (NarGHI), a
membrane-bound quinol oxidizing enzyme, as a model system. As such, we have previously
shown that NarGHI can stabilize menasemiquinones, ubisemiquinones and more recently
demethymena- semiquinone within its quinol oxidation site QD[1-3].
In the last years, in order to puzzle out the relation between the protein environment, the
quinone selectivity and the enzyme reactivity, complementary approaches have been
implemented. To understand the selectivity driving force toward the quinone diversity, a
phylogeny study on the quinone binding sub unit (NarI) has raised a correlation between the
nature of two residues found in the Q-site, and the nature of the quinone present in the organism.
By site directed mutagenesis on NarI from E. coli, those variants were reproduce and display the
ability for E. coli to use nitrate as a terminal electron acceptor. The capability of those mutants to
oxidize quinol and to stabilize semiquinone intermediate let us to give a new insight of the link
between reactivity and the stability of intermediate. Another aim of our studies in to characterized
at the atomic level the interaction between the quinone and its active site by coupling EPR
spectroscopy studies, both continued wave and pulsed one, at various pH, with isotope labeling
and DFT calculation. All the results obtained here let us to reassess our model for the quinone
binding mode for Nitrate reductase with an additional H bond.
Overall, the nitrate reductase complex constitutes an ideal system to address at the molecular
level how a single protein site tunes the reactivity towards three different endogenous quinones.
1. Lanciano, P., Magalon, A., Bertrand, P., Guigliarelli, B., and Grimaldi, S. (2007) High-stability semiquinone
intermediate in nitrate reductase A (NarGHI) from Escherichia coli is located in a quinol oxidation site close to
heme b(D), Biochemistry 46, 5323-5329.
2. Arias-Cartin, R., Lyubenova, S., Ceccaldi, P., Prisner, T., Magalon, A., Guigliarelli, B., and Grimaldi, S. (2010)
HYSCORE Evidence That Endogenous Mena- and Ubisemiquinone Bind at the Same Q Site (Q(D)) of
Escherichia coli Nitrate Reductase A, Journal of the American Chemical Society 132, 5942-+.
3. Grimaldi, S., Arias-Cartin, R., Lanciano, P., Lyubenova, S., Szenes, R., Endeward, B., Prisner, T. F.,
Guigliarelli, B. and Magalon, A. (2012) Determination of the Proton Environment of High Stability
Menasemiquinone Intermediate in Escherichia coli Nitrate Reductase A by Pulsed EPR, Journal of Biological
Chemistry 287, 4662-4670.
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O7-2: Mahmoud Hajj Chehade: Evidence for a multi-protein complex involved
in ubiquinone biosynthesis in Escherichia coli
Mahmoud Hajj Chehadea, Ludovic Pelosia, Bérengère Rascaloua, Laurent Loiseaub,
Cameron Fyfec, Laurent Ausselb, Murielle Lombardc, Marc Fontecavec,
Frédéric Barrasb, Fabien Pierrela
a

: Laboratoire TIMC-IMAG, UMR5525, CNRS-Université Grenoble Alpes,
Domaine de la Merci, 38706 La Tronche cedex, France
b
: Laboratoire de Chimie Bactérienne, UMR 7283, Aix Marseille Université-CNRS, 13402, Marseille, France
c
: Laboratoire de Chimie des Processus Biologiques, UMR8229 CNRS, Collège de France,
Université Pierre et Marie Curie, 11 place Marcelin Berthelot, 75 231 Paris Cedex 05, France

Coenzyme Q (ubiquinone or Q) is a lipophilic organic molecule composed of an aromatic
nucleus (benzoquinone type) substituted by a polyisoprenyl chain, which length varies according
to the organism: 6 units in the yeast Saccharomyces cerevisiae (Q6), 8 in Escherichia coli (Q8) and
10 in humans (Q10). Q exchanges two electrons and two protons between its reduced and oxidized
forms and functions as an electrons- and protons- carrier in respiratory chains and as a membrane
antioxidant.
The biosynthesis of Q is conserved from bacteria to humans with some minor differences
and requires the participation of at least 12 proteins (UbiA-UbiK and UbiX) in Escherichia coli,
some of them recently identified in our group [1-3]. The results of our bacterial two-hybrid
experiments indicate that many Ubi proteins interact. By performing cellular fractionation and
immuno-detection against Ubi proteins tagged with an SPA (sequential peptide affinity) sequence,
we discovered that most Ubi proteins are present both in the membrane and soluble fractions. In
the soluble fraction, we found that seven Ubi proteins co-migrate at a high molecular weight of 1
MDa on Blue Native-PAGE gels. In addition, these results are also confirmed by proteomic
analysis of the BN-PAGE gel fragments and we are currently trying to purify the soluble Ubi
complex.
Conversely, only two Ubi proteins were found to interact in the membrane fraction. These
proteins also belong to the soluble complex and do not catalyze a reaction in the biosynthesis of Q
but one of them contains a lipid-binding domain. Therefore, we propose that these two proteins
may chaperone the lipophilic coenzyme Q biosynthetic intermediates to the soluble complex
which will catalyze the multiple reactions needed to synthesize Q.

1. Loiseau, L., Fyfe, C., Aussel, L., Hajj Chehade, M., Hernandez, S. B., Faivre, B., Hamdane, D., MellotDraznieks,
C., Rascalou, B., Pelosi, L., Velours, C., Cornu, D., Lombard, M., Casadesus, J., Pierrel, F.,
Fontecave, M. & Barras, F. J. Biol. Chem. (2017). doi:10.1074/jbc.M117.789164.
2. Aussel, L., Loiseau, L., Hajj Chehade, M., Pocachard, B., Fontecave, M., Pierrel, F. & Barras, F. J. Bacteriol.
(2014) 196, 70-79. doi:JB.01065-13 [pii]10.1128/JB.01065-13.
3. Hajj Chehade, M., Loiseau, L., Lombard, M., Pecqueur, L., Ismail, A., Smadja, M., Golinelli-Pimpaneau, B.,
Mellot-Draznieks, C., Hamelin, O., Aussel, L., Kieffer-Jaquinod, S., Labessan, N., Barras, F., Fontecave, M. &
Pierrel, F. J. Biol. Chem. (2013) 288, 20085-20092. doi:M113.480368 [pii]10.1074/jbc.M113.480368.
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O7-3: Myriam Brugna: Functional and biochemical characterization
of the tetrameric [FeFe] Hnd hydrogenase from the sulfate reducing bacterium
Desulfovibrio fructosovorans
Arlette Kpebe, Amani Rebai, Nina Canuto, Martino Benvenuti, Victoria Fernandez, Julien Ros,
Luisana Avilan, Chloé Guendon, Carole Baffert and Myriam Brugna
Laboratoire de Bioénergétique et Ingénierie des protéines, CNRS, AMU, UMR7281, 31 chemin Joseph Aiguier,
13402 Marseille cedex 20, France

Hydrogenases are enzymes able to catalyze in a reversible way both the oxidation of
molecular hydrogen and the reduction of protons at a bimetallic ([FeFe] or [NiFe]) active site.
They are very diverse and widespread in Bacteria and Archaea but only few representatives of
these enzymes are characterized. This diversity is naturally present in our model organism, the
sulfate reducing bacterium Desulfovibrio fructosovorans which has a complex hydrogenase
system composed by six different enzymes with different cellular localization. This bacterium can
alternatively use H2 as sole source of energy or can produce H2 when growing fermentatively. One
of the six hydrogenases, Hyn, a periplasmic [NiFe] hydrogenase, has been already extensively
studied at the molecular level [1,2]. This diversity makes the role of each of these various
hydrogenases difficult to determine.
This study focuses on the cytoplasmic tetrameric [FeFe] hydrogenase Hnd. The four
subunits of this enzyme share strong sequence similarity with subunits of multimeric [FeFe]
hydrogenases that can perform electron bifurcation [3,4]. The newly discovered process called
flavin-based electron bifurcation has probably played an important role in the evolution of
primordial living organisms and can be regarded as a third mode of energy conservation [5].
Hnd hydrogenase was previously described as an NADP-reducing hydrogenase [6] but the
protein was not purified and characterized. In the present investigation, we purified the
homologously produced recombinant Hnd enzyme, and our biochemical data provide evidence
that this hydrogenase uses the novel mechanism of flavin-based electron bifurcation. It couples the
endergonic reduction of a ferredoxin to the exergonic reduction of NAD+ to oxidize dihydrogen.
In this study, we have also investigated the metabolic role of Hnd. The analysis by qRTPCR of hnd expression level in D. fructosovorans grown under various conditions revealed that an
overexpression occurs when the metabolism switches from respiration to fermentation. Moreover,
the expression of adh, a gene encoding an iron-containing alcohol dehydrogenase which is very
highly expressed in wild-type cells grown in pyruvate medium, decreases dramatically in the Hnd
deletion mutant (Δhnd mutant). In addition, this deletion mutant is not able to grow in a medium
containing ethanol as a carbon source and electron donor, showing that Hnd is essential for the
growth of the bacterium on ethanol.
1. A. Abou Hamdan, P.P. Liebgott, V. Fourmond, O. Gutiérrez-Sanz, A.L. De Lacey, P. Infossi, M. Rousset, S.
Dementin and C. Léger. PNAS (2012) 109, 19916-19921.
2. A. Abou Hamdan, B. Burlat, O. Gutiérrez-Sanz, PP. Liebgott, C. Baffert, A.L. De Lacey, M. Rousset, B.
Guigliarelli, C. Léger and S. Dementin. Nat Chem Biol. (2103) 9, 15-17.
3. G.J. Schut and M.W.W. Adams. J. Bacteriol. (2009) 191, 4451-4457.
4. K. Schuchmann and V. Müller. J. Biol. Chem. (2012) 287, 31165-31171.
5. W. Buckel, and R.K. Thauer, (2013) Biochim. Biophys. Acta 1827, 94-113.
6. S. Malki, I. Saimmaime, G. De Luca, M. Rousset, Z. Dermoun and J.P. Belaich. J. Bacteriol. (1995) 177, 26282636.
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C8: Stéphanie Bonneau: Photosensitizers and control of compartmentation
in biological systems
Aurélien Bour1, Kelly Aubertin2, Rachid Kerdous1, Franck Sureau1,
Claire Wilhelm2 and Stéphanie Bonneau1
1

Laboratoire Jean Perrin, Université Pierre et Marie Curie, Paris, France
2
Laboratoire MSC, Université Diderot, Paris, France

Due to their macrocycle, tetrapyrrole molecules (porphyrins, chlorins, phthalocyanines…)
present very special photo-physical properties. Their light irradiation generates, through their
triplet state, reactive species such as singlet oxygen or oxyradicals. The lifetime of these molecular
species is very short and their action is very localized. These species cause, in the area both
irradiated and marked by the tetrapyrrole (photosensitizer), molecular alterations. Specific
targeting photosensitizers to one or the other cell compartments thus is the basis of their potential
to modify and control the physiology of the cells. For example, the photo-chemical internalization
(PCI) of macromolecules into cells is based on the photo-induced alteration of endosomal
membranes - before their maturation in lysosomes - allowing the escape of the macromolecules,
free to reach its targets within cell. More extensive photo-induced changes, in particular to the
mitochondria, lead to cell death by necrosis or apoptosis. This photo-induced cell death is basis of
an anticancer therapy so-called PDT.
First, we focussed on the photo-induced modifications of the cellular trafficking.
Mechanical measurements were performed with two intracellular photosensitizing chlorins having
similar quantum yield of singlet oxygen production but different intracellular localizations
(cytoplasmic for m-THPC, endosomal for TPCS2a). By combining measurements of local
cytoplasmic viscosity and active trafficking, we found that photodynamic effect induced a only
slight increase in viscosity but a massive decrease in diffusion. These effects are the signature of a
return to thermodynamic equilibrium of the system after photo-activation and correlated with
depolymerization of the microtubule network. The two photosensitizers demonstrated different
intracellular impact.
Secondly, to better apprehend such complex effects, we turned to model systems. In
particular, we focussed on photo-oxidation of membranes lipids, that are important targets of the
photodynamic effect, as well as for photodynamic therapy than for photochemical internalization.
We extensively studied their modifications under photo-oxidation, involving major différentes
modifications within the membranes which can be highly destabilized. Our purpose is to
demonstrate that the photo-induced permeabilization of the membranes is correlated with a deep
physical stress, which can be relaxed by various pathways, depending on its lipids composition,
which is characteristic of the targeted cellular compartment.
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O8-1: Anton Nikolaev: Spectroelectrochemical investigation
of bd-oxidase inhibition
Anton Nikolaeva, Eugenie Fourniera, Hamid Nasirib, Petra Hellwiga, Frederic Melina,
Hartmut Michelc, Schara Safarianc
a

Laboratoire de Bioelectrochimie et Spectroscopie, UMR 7140, Chimie de la Matière Complexe,
Université de Strasbourg, CNRS, Strasbourg, France
b
Johann Wolfgang Goethe-University Frankfurt, Max-von-Laue-Straße 7, D-60438 Frankfurt am Main, Germany
c
Department of Molecular Membrane Biology, Max Planck Institute of Biophysics, Max-von-Laue-Straße 3,
D-60438 Frankfurt/Main, Germany

Cytochrome bd-oxidase is a terminal oxidase in the respiratory electron transport chain of
the prokaryotic cell growing in microaerobic environment. Unique structural properties of this
enzyme and its absence in eukaryotic cell could lead to development of efficient specific
antibiotics against pathogens such as E. coli, M. tuberculosis, L. monocytogenes, and
K. pneumonia [1,2,4]. Additionally, in the bd-oxidase family two subfamilies can be distinguished
depending on the length of the Q-loop (supposed to participate in quinone binding) [1]. Our
studies involve bd-oxidases from E. coli and thermophilic G. thermodenitrificans which possess a
long and short Q-loop, respectively [6].
There are three hemes in this enzyme: b558, b595, d (ordered in accordance with electron
flow direction) [1]. Under anaerobic equilibrium conditions, we determined the mid-point
potentials of the cofactors of cytochrome bd-oxidase from G. thermodenitrificans by means of
UV-visible redox titration. The obtained values are ranged in the inverse order as compared to bdoxidase from E. coli [1,3]. It is well known [1] that heme d plays a role of a catalytic centre in the
oxygen reduction. However, in case of the G. thermodenitrificans it showed the lowest reduction
potential which might hamper the intramolecular electron flow and, thus, decrease affinity of the
enzyme for oxygen (compared to E. coli and other species [6]). The IR spectroscopic examination
revealed the presence of an excess of MK-7 in samples from G. thermodinitrificans which is a
natural donor of the electrons.
The oxygen reduction activity was measured by means of protein film voltammetry [5].
We showed that the presence of the lipids is of a great importance for the stability of the signal
and of the protein films. Nontrivial cyclic voltammograms were obtained for the
G. thermodenitrificans enzyme, as compared to the one from E. coli. Preliminary inhibition
studies showed that aurachin D influences the catalytic properties of the bd-oxidase from E. coli
altering its voltammogram curve shape (e. g., shift of half-wave potential). Inhibition tests with
other quinolones demonstrated higher efficiency of the molecules which possess hydrophobic
substituents.
1. Borisov V. B., Verkhovsky M. I. (2015) Oxygen as acceptor EcoSal Plus. 6 (2)
2. Safarian S., Rajendran C., H. Muller, H. Michel (2016) Structure of a bd oxidase indicates similar mechanisms for
membrane-integrated oxygen reductases Science 352 (6285) pp. 583-586
3. Zhang J., Hellwig P., Osborne J. P., Gennis R. B. (2004) Arginine 391 in subunit I of the cytochrome bd quinol
oxidase from Escherichia coli stabilizes the reduced form of the hemes and is essential for quinol oxidase activity
279 (52) pp. 53980 –53987
4. Jünemann S., Wrigglesworth J. M., Rich P. R. (1997) Effects of Decyl-aurachin D and Reversed Electron Transfer
in Cytochrome bd Biochemistry 36 (1997) pp. 9323-9331
5. Fournier E., Nikolaev A., Nasiri H., Hoeser J., Friedrich T., Hellwig P., Melin F. (2016) Creation of a gold
nanoparticle based electrochemical assay for the detection of inhibitors of bacterial cytochrome bd oxidases
Bioelectrochemistry 111, pp. 109-114.
6. Arutyunyan A. M., Sakamoto J., Inadome M., Kabashima Y., Borisov V. B. (2012) Optical and magneto-optical
activity of cytochrome bd from Geobacillus thermodenitrificans, Biochimica et Biophysica Acta 1817 (2012)
2087–2094
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O8-2: Xavier Serfaty: Giant liposomes elaboration for phagocyte
NADPH oxidase studies
Poster PO11
Xavier Serfatya, Pauline Lefrançoisb, Laura Bacioua, Stéphane Arbaultb, Tania Bizouarna
a
b

Laboratoire de Chimie Physique, UMR 8000, Paris Sud University, CNRS, Paris Saclay University, 91405 Orsay, France
Institut des Sciences Moléculaire UMR 5255, groupe NSysA, University of Bordeaux, ENSCBP, CNRS, 33607 Pessac, France

The phagocyte NADPH oxidase (NOX2) plays a key role in the killing of invaders during
phagocytosis and in the inflammatory response signalling. The functioning of the phagocyte NADPH
oxidase depends of two membrane proteins (the catalytic core NOX2 and a regulator protein p22phox), and
four cytosolic proteins (the activator p67phox and three regulators p47phox, p40phox and Rac1/2). In the cell,
the recruitment of the cytosolic subunits regulates spatially and temporally the activity of this enzyme
either at the cell membrane for signalling functions, either at the phagosome membrane for invaders killing
functions. The NADPH oxidase catalysis the monoelectronic reduction of oxygen in superoxide anion O 2∙at one side of the membrane and the concomitant oxidation of NADPH at the other side of the membrane,
following the equation: NADPH + 2O2  NADPH+ + 2O2∙-.
The NADPH oxidase can be studied in cell-free assay by mixing: i) the cell membrane fractions
from human neutrophils, containing NOX2 and p22phox, ii) the cytosolic proteins, iii) the all-cisArachidonic Acid (AA) activator anionic surfactant iv) the NADPH (Figure 1). The progress of the
enzymatic reaction catalysed by NOX2 is currently followed in cell-free assays by monitoring
spectrophotometrically the reduction of the cytochrome c (at 550 nm) by superoxide anion. Alternatively,
this can be also followed by the oxidation rate of NADPH (at 340 nm) or even by electrochemistry by
measuring the O2 consumption (Clark electrode). However, the activation of the enzyme is spatially and
temporally controlled by the recruitment of cytosolic proteins to the membrane proteins. Thus, dynamic of
protein-protein interactions between subunits or protein-lipids interactions between cytosolic proteins and
lipids of the membrane requires the simultaneous study of the macromolecular assembly and of the enzyme
activity. In this perspective, we aim to elaborate a system to localize the cytosolic or membrane proteins
and simultaneously measure the superoxide anion production.
Giant Unilamellar Vesicle (GUV) is an original and particularly well adapted tool to reach this objective. A
GUV is a liposome of tens to more than one hundred micrometres of diameter made of a unique
phospholipids bilayer. Thus, GUVs can be easily visualized by photonic microscopy with Differential
Interferential Contrast (DIC) and membrane composition (lipids and proteins) can be controlled while the
microinjection permit to control independently the internal and external composition. The technical
challenge is to elaborate GUVs containing NOX2 and p22phox integrated in the membrane (this system is
called NOX-GUV), and then to follow the localization of fluorescent-labelled microinjected cytosolic
proteins and simultaneously measure the superoxide anion production by electrochemistry with
microelectrodes, or by fluorescence (Figure 2).

Figure 1. Activation of the phagocyte NADPH oxidase
in cell-free system.

Figure 2. Scheme of the NOX-GUV system and
associated technical objectives.

First tries of NOX-GUV conceptions lead to a successful localization of neutrophil membrane proteins to
the membrane of the GUVs. Combinations of cytosolic proteins were microinjected and their fixations
were investigated in presence or in absence of arachidonic acid. This tool is particularly promising for
NADPH oxidase studies and improvements of the methodology could even be extended to other systems.
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Session 1
Poster P1:
Does bioenergetics dysfunction participate to the maintenance of hybrid zones
in the bivalve Limecola balthica?
Vanessa Becquet, Alice Saunier, Pascale Garcia, Eric Pante
Laboratoire LIENSs (UMR 7266 CNRS – Université de La Rochelle)
2 rue Olympe de Gouges, La Rochelle, France

The intertidal tellinid bivalve, Limecola balthica has a complex biogeographic history in the
NE Atlantic, punctuated by multiple events of trans-arctic invasions and the establishment of
secondary contact zones, leading sometimes to hybrid zones. One major challenge in the study of
hybrid zones is to understand why and how they are maintained. Our work on Limecola balthica
since these last 10 years lead us to hypothesize that incompatibilities between mitochondrial and
nuclear genes were probably involved in the maintenance of the southern hybrid zone of this
species (Brittany region, France). South of the hybrid zone, L. balthica is at the edge of its
distributional range. Organisms are generally at the limited physiological tolerance in these areas
and have to deal with extremes environmental parameters like temperature. It is well known that
mitochondrial activity is largely impacted by temperature and in a context of hybrid zone, local
adaptations probably occur. In this communication we propose to describe the different studies
conducted on L. balthica at the LIENSs laboratory in the field of population genomics to test the
hypothesis that dysfunction of mitochondrial processes, through genetic incompatibilities,
maintain barriers to gene flow.
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Iridescence is an original type of coloration developed by certain eukaryotic organisms [1].
Recently, we reported a brilliant “pointillistic” iridescence in agar-grown colony biofilms of
Cellulophaga lytica and some other marine Flavobacteria that exhibit gliding motility[2,3].
Bacterial iridescence is created by a unique self-organization of sub-communities of cells[4], but
the mechanisms underlying such living photonic crystals are unknown. In this study, we have
investigated the effects of an indole derivative, 5-hydroxyindole (5HI, 250 µM) which inhibited
both gliding and iridescence at the colonial level. 5HI did not affect growth or cell respiration. At
the microscopic level, phase-contrast imaging confirmed that 5HI inhibits gliding motility of the
cells. Moreover, the lack of iridescence correlated with a perturbation of self-organization of the
cell sub-communities in both wild-type and a gliding-negative mutant. This effect was proved
using recent advances in machine learning (deep neuronal networks)[5,6]. Such approach opens
new fields of research for the understanding of typical multicellular structures and population
dynamics. Our algorithms are currently being adapted to time-lapse or real-time videos to further
study the spatial-temporal behaviours of C. lytica cells, motile or not by gliding. The method will
complement recent advances obtained through a genetic approach.

1.
2.
3.

4.

5.
6.

Vukusic P, Sambles JR. photonic structures in biology Nature 2003; 424(6950):852-855.
Kientz B, Vukusic P, Luke S, Rosenfeld E. Iridescence of a marine bacterium and classification of
prokaryotic structural colors. Appl Environ Microbiol 2012a; 78:2092–2099.
Kientz B, Ducret A, Luke S, Vukusic P, Mignot T, Rosenfeld E. Glitter-like iridescence within the
Bacteroidetes especially Cellulophaga spp.: optical properties and correlation with gliding motility. PLoS
One 2012c; 7:e52900.
Kientz B, Luke S, Vukusic P, Péteri R, Beaudry C, Renault T, Simon D, Mignot T, Rosenfeld E. A unique
self-organization of bacterial sub-communities creates iridescence in Cellulophaga lytica colony biofilms.
Sci Rep 2016; 6:19906
LeCun Y, Bengio Y, Hinton G. Deep Learning, Nature. 2015; 521(7553):436-444.
Szegedy C, Vanhoucke V, Ioffe S, Shlens J, Wojna Z. Rethinking the Inception Architecture for Computer
Vision. Proceedings of IEEE Conference on Computer Vision and Pattern Recognition, pp. 2818-2826, 2016.

19ème Congrès du Groupe Français de Bioénergétique, Lacanau, 20-24 septembre 2017

Page 96

Session 1
Poster P3:
Allelopathic interactions between phytoplankton species
Alexandra Peltekis, Benjamin Bailleul
IBPC, UMR7141, 13 rue Pierre et Marie Curie, 75005, Paris, France

Phytoplankton are aquatic unicellular organisms (eukaryotic or prokaryotic) responsible for
50% of terrestrial photosynthesis [1]. Despite the importance of phytoplankton in water ecosystems,
the level of understanding of the dynamics and the structure of phytoplankton communities is still
limited. Different parameters could contribute to the structure of phytoplankton communities, like
the competition for nutrients, predator-prey interactions and allelopathy. My PhD focuses on the
latter: species are able to release secondary metabolites into the medium that have harmful
(inhibitory) effects on target species, these interactions are known as allelopathy [2]. One of the
main targets of these secondary metabolites is the photosynthetic apparatus of competitors,
making photosynthesis an ideal probe to study allelopathy. Little is known about allelopathy in
marine microalgae, in spite of the competitive advantage that these interactions could provide to
invasive species. This is mainly due to a number of methodological difficulties [3], including lack
of information on the relative physiologies of two microalgae in mixture.
We chose a new approach to explore these interactions based on a physical phenomenon, the
electro-chromic shift (ECS) of photosynthetic pigments, when subjected to the electric field
generated across the thylakoid by photosynthesis. On the one hand the ECS shows a different
spectral signature in each photosynthetic clade of microalgae, allowing the extraction of the
photosynthetic responses of each species in an assembly. We can therefore measure the
photosynthetic activity of a species A alone or in a mixture with species B, and highlight an
allelopathic interaction targeting photosynthesis. On the other hand all complexes involved in
photosynthesis contribute to the generation of a trans-thylakoïdal electric field (PSII, PSI,
cytochrome b6f) or to its consumption (ATP-synthase) [4]. This allows to define the exact target of
the released secondary metabolites on the photosynthetic apparatus.With this innovative method
we are able to screen allelopathic interactions that affect photosynthesis between different clade of
phytoplankton, which could help to understand better the role of allelopathy on the structure of the
phytoplankton community.
We observed that the photosynthetic activity of some diatoms (Thalassiosira pseudonana,
Phaeodactylum trichornutum) and prasinophytes (Bathycoccus prasinos, Nephroselmis
pyriformis) was almost fully inhibited when mixed with the dinoflagellate Amphidinium carterae.
We were further able to identify the target of the unknown secondary metabolites on the
photosynthetic apparatus of the diatom T.pseudonana. The mechanism of inhibition seems to be
the same for the others species and appears to affect the electrochemical gradient of H+ that will
lead to the production of ATP by the ATP-synthase during photosynthesis.
1. Field, C. B., Behrenfeld, M. J., Randerson, J. T. & Falkowski, P. G. Primary production of the biosphere:
integrating terrestrial and oceanic components. Science 281, 237–240 (1998).
2. Molish, H. (1937). Die Einfluss siner Pflanze auf die andere-Allelopathie. Jena, DE: VDM Verlag Dr. Müller.
3. Anderson, D. M., Kulis, D. M., Sullivan, J. J., Hall, S., & Lee, C. (1990). Dynamics and physiology of
saxitoxin production by the dinoflagellates Alexandrium spp. Marine biology, 104(3), 511-524.
4. Bailleul, B., Cardol, P., Breyton, C., & Finazzi, G. (2010). Electrochromism: a useful probe to study algal
photosynthesis. Photosynthesis research, 106(1-2), 179-189.

19ème Congrès du Groupe Français de Bioénergétique, Lacanau, 20-24 septembre 2017

Page 97

Session 1
Poster P4:
Morphological characterization of mitochondria in the tellinid bivalve
Limecola balthica (Linnaeus, 1758)
Alice Saunier a,b, Huet Valérie a, Mabilleau Guillaume c, Manero Florence c, Coignot Élise a,
Yon Arthur a, Garcia Pascale a, and Murillo Laurence a
a
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c
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The oxidative phosphorylation (OXPHO) chain is key to eco-physiological adaptation and
acclimation. Mixing of divergent lineages upon secondary contact can compromise the functioning of
the five OXPHO protein complexes, which relies on the tight co-evolution of mitochondrial and
nuclear genes. Consequently, mito-nuclear incompatibilities (MNIs) can putatively occurred in hybrids
lineages. The marine bivalve Limecola balthica is a noteworthy model for studying MNIs and a key
species of intertidal mudflats along European coasts. In France, populations located near the species
southern range limit exhibited high genetic diversity, probably due to the secondary contact of two
[1]
isolated gene pools after the last glacial maximum . Previous studies on the baltic clam L. balthica
[2,3]
highlighted several genes potentially involved in mito-nuclear incompatibilities (MNIs) . MNIs can
[4,5]
lead to a decrease in mitochondrial performances and fitness . These mitochondrial dysfunctions can
[6-8]
also have structural repercussions, reflected by morphological alterations . We hypothesize that
mitochondrial morphology of hybrid and non-hybrid individuals could be different. A study using
transmission electron microscopy was carried out on five individuals of three French populations
spanning the secondary contact zone of the Brittany peninsula: Aytré (Pertuis-Charentais), SaintBrévin les Pins (Loire Estuary) and Saint-Brieuc (western English Channel).
1. V. Becquet et al., “Glacial refugium versus range limit : Conservation genetics of Macoma Balthica , a key species
in the Bay of Biscay ( France ), J. Exp. Mar. Bio. Ecol., vol. 432–433, pp. 73–82, Nov. 2013.
2. E. Pante, A. Rohfritsch, V. Becquet, K. Belkhir, N. Bierne, and P. Garcia, “SNP Detection from De Novo
Transcriptome Sequencing in the Bivalve Macoma balthica: Marker Development for Evolutionary Studies,” PLoS
One, vol. 7, no. 12, p. e52302, Dec. 2012.
3. Saunier, A., "Bases génétiques de la différenciation adaptative en milieu anthropisé chez Macoma balthica, un
bivalve marin à fort flux génique". Thèse, Université de La Rochelle, p. 255, Dec. 2015.
4. R. S. Burton and F. S. Barreto, “A disproportionate role for mtDNA in Dobzhansky-Muller incompatibilities?,” Mol.
Ecol., vol. 21, no. 20, pp. 4942–4957, Oct. 2012.
5. R. S. Burton, R. J. Pereira, and F. S. Barreto, “Cytonuclear Genomic Interactions and Hybrid Breakdown,” Annu.
Rev. Ecol. Evol. Syst., vol. 44, no. 1, pp. 281–302, Nov. 2013.
6. P. Paumard et al., “The ATP synthase is involved in generating mitochondrial cristae morphology.,” EMBO J., vol.
21, no. 3, pp. 221–30, Feb. 2002.
7. M. Rak et al., “Yeast Cells Lacking the Mitochondrial Gene Encoding the ATP Synthase Subunit 6 Exhibit a
Selective Loss of Complex IV and Unusual Mitochondrial Morphology,” J. Biol. Chem., vol. 282, no. 15, pp.
10853–10864, Apr. 2007.
8. M. Zick, R. Rabl, and A. S. Reichert, “Cristae formation-linking ultrastructure and function of mitochondria,”
Biochim. Biophys. Acta -Mol. Cell Res., vol. 1793, no. 1, pp. 5–19, 2009.
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3. CNRS/Université Laval, UMI3376 Takuvik Joint International Laboratory, Département de Biologie, Pavillon
Alexandre Vachon, Université Laval, 1045 avenue de la Médecine, Québec, Qc, G1V 0A6, Canada
4. VIB, Department of Plant Systems Biology, B-9052 Ghent, Belgium
5. Ghent University, Department of Plant Biotechnology and Bioinformatics, B-9052 Ghent, Belgium

Benthic diatoms are dominant primary producers in intertidal marine sediments and are
roughly divided into two main growth forms: the epipelon that comprises mainly larger motile
diatoms and the epipsammon that mainly consists of small slightly motile and non-motile species.
As intertidal sediments are characterized by rapidly fluctuating and often extreme light conditions,
benthic diatoms display behavioural as well as physiological photoprotection mechanisms.
Vertical migration into the sediment (behavioural photoprotection), however, is largely restricted
to epipelic diatoms, whereas epipsammic diatoms have to undergo changes in light conditions.
Therefore, we expected the latter to possess strong physiological photoprotection mechanisms.
One of the most widespread physiological photoprotection mechanism consists of
dissipating excess light energy as heat, which can be measured as Non-Photochemical Quenching
(NPQ). The capacity of this mechanism is mainly defined by the xanthophyll cycle (XC), in which
the pigment diadinoxanthin (Ddx) is de-epoxidized to diatoxanthin (Dtx). The performance of
NPQ was studied using model representatives of each growth form during and after exposure to
high light. The epipsammic species Opephora guenter-grassii rapidly switched NPQ on and off by
a strong Ddx conversion in Dtx under high light, whereas this pigment was rapidly epoxidized in
low light. This species also demonstrated high de novo synthesis of xanthophylls within a
relatively short period of time (1 h), including significant amounts of zeaxanthin, a feature not
observed before in other diatoms within the same time period. In contrast, the epipelic
representative Seminavis robusta showed slower NPQ generation and associated XC kinetics,
partly relying on NPQ conferred by de novo synthetized diatoxanthin. We are currently focusing
on the potential roles of the transthylakoidal proton gradient (ΔpH), as well as the ascorbate and
NADPH concentrations, in the regulation of the activities of the two key enzymes of the
xanthophyll cycle: the diadinoxanthin de-epoxidase and the diatoxanthin epoxidase.
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4
CNRS, UMR 5075 CNRS, CEA, UGA, Institut de Biologie Structurale, Grenoble, France
5
Plant Biochemistry, Department of Biology, ETH Zurich, CH-8092, Zürich, Switzerland
6
Department of Biology, University of Konstanz, 78457 Konstanz, Germany

Photosynthesis is a unique process that allows independent colonization of the land by plants
and of the oceans by phytoplankton. Although the photosynthesis process is well understood in
plants, we are still unlocking the mechanisms evolved by phytoplankton to achieve extremely
efficient photosynthesis. Here, we combine biochemical, structural and in vivo physiological
studies to unravel the structure of the plastid in diatoms, prominent marine eukaryotes.
Biochemical and immunolocalization analyses reveal segregation of photosynthetic complexes in
the loosely stacked thylakoid membranes typical of diatoms. Separation of photosystems within
subdomains minimizes their physical contacts, as required for improved light utilization.
Chloroplast 3D reconstruction and in vivo spectroscopy show that these subdomains are
interconnected, ensuring fast equilibration of electron carriers for efficient optimum
photosynthesis. Thus, diatoms and plants have converged towards a similar functional distribution
of the photosystems although via different thylakoid architectures, which likely evolved
independently in the land and the ocean[1].
1. Flori S et al., Nat Commun. 2017 Jun 20;8:15885.
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It is commonly assumed that in plants and green algae, cyclic electron flow (CEF) plays a
crucial role in optimizing photosynthesis. Since it allows the photosystem I (PSI) and the
cytochrome b6f to function with no net product, it is believed to have two main roles: it increases
the electrochemical proton gradient thereby regulating the photosynthetic control and nonphotochemical quenching in photosystem II (PSII), and it provides the extra ATP required for
carbon fixation. However, there is still no convincing method to estimate CEF in physiological
conditions. A recent review [1] suggests that the best way to quantify CEF is to compare the
quantum yield of the PSII (through gross oxygen evolution or fluorescence) and the quantum yield
of PSI (through absorption spectroscopy, with a method developed by Klughammer and Schreiber
[2]
). We could show that in conditions favoring PSI acceptor side limitation, the Klughammer and
Schreiber method tend to largely underestimate the photochemical quantum yield of PSI, leading
to aberrant conclusions regarding CEF. We propose an alternative method and apply it to estimate
the extent of CEF in various microalgae in the lab and in the field.

1.
2..

Fan et al. Obstacles in the quantification of the cyclic eletron flux around Photosystem I in leaves of C3
plants. Photosynthesis research, 129(3), 239-251
Klughammer, Schreiber. Saturation pulse method for assessment of energy conversion in PSI. Planta, 1994,
192, 261-268.
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Mitochondrial respiratory-chain complexes from Euglenozoa comprise classical subunits
described in other eukaryotes (i.e. mammals and fungi) and subunits that are restricted to
Euglenozoa (e.g. Euglena gracilis and Trypanosoma brucei). Here we studied the mitochondrial
F1FO-ATP synthase (or Complex V) from the photosynthetic eukaryote E. gracilis in detail. The
enzyme was purified by a two-step chromatographic procedure and its subunit composition was
resolved by a three-dimensional gel electrophoresis (BN/SDS/SDS). Twenty-two different
subunits were identified by mass-spectrometry analyses among which the canonical 
and OSCP subunits, and at least seven subunits previously found in Trypanosoma. The ADP/ATP
carrier was also associated to the ATP synthase into a dimeric ATP synthasome. Single-particle
analysis by transmission electron microscopy of the dimeric ATP synthase indicated that the
structures of both the catalytic and central rotor parts are conserved while other structural features
are original. These new features include a large membrane-spanning region joining the monomers,
an external peripheral stalk and a structure that goes through the membrane and reaches the inter
membrane space below the c-ring, the latter having not been reported for any mitochondrial FATPase.

Reference
Yadav, K.N.S., Miranda-Astudillo, H. V., Colina-Tenorio, L., Bouillenne, F., Degand, H., Morsomme, P.,
González-Halphen, D., Boekema, E.J., Cardol, P., 2017. Atypical composition and structure of the mitochondrial
dimeric ATP synthase from Euglena gracilis. Biochim. Biophys. Acta - Bioenerg. 1858, 267–275.
doi:10.1016/j.bbabio.2017.01.007
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F0F1 ATPase activity was investigated in fresh and frozen-thawed homogenates prepared
from different murine organs (brain, liver, muscle and heart). Time-resolved assays were
conducted in the presence of a mild detergent to collapse any possible membrane potential, to
make F0F1 ATPase fully accessible to substrate, and to facilitate the release of the endogenous
ATPase inhibitor peptide IF1[1]. Functional coupling between F1 and F0 was checked by
comparing the sensitivity of ATPase activity to oligomycin and to yeast IF1 added at a very high
concentration. The main results were as following:
1. Tight coupling between F0 and F1 was preserved in all cases.
2. The activities were satisfactorily reproducible. The mean value for frozen-thawed tissues
was about the same as for fresh tissues, except for brain for which it was 5-10 times lower.
3. With respect to total protein concentration, the specific activity was comparable for brain,
muscle and liver tissues, and 4-5 times higher for heart tissues.
4. Importantly, the Michaelis constant (Km) for ATP did not depend on the organ and ranged
between 150 and 200 µM. Experiments are in progress for determining kcat for the different tissues
and checking possible tissue-specificity of ATP synthase catalytic properties. This question may
be related to the tissue-specificic phosphorylation pattern of ATP synthase subunits previously
reported in mouse[2].
5. Comparison of activities with and without detergent suggests that there is no significant
contribution of the so-called ‘ectopic ATPases’[3], at least in the brain and liver cases. Further
experiments are being designed to know whether it is also the case for muscle and heart.
This protocol, which needs some tens of milligrams of tissues, might be used to check F0F1
ATPase activity in human biopsies. It also proved to be reliable for mitochondria isolated from
human fibroblasts. Different preparations with wild-type ATP synthase or with WT bearing
L156P or L156R mutation in subunit 6 have been studied. Subunit 6 belongs to the membrane part
of the stator and interacts with the c-ring, and L156R mutation is the cause of severe diseases. The
two mutations had no effect on the coupling between F1 and F0, as already suggested using a
different approach in the L156R case [4]. The Km value for ATP also did not significantly changed,
contrary to which was observed in yeast ATP synthase mutated on another residue of subunit 6 [5].
The values (150-200 µM) were close to those determined in homogenates from murine tissues.
To conclude, we have developed a simple and fast method to characterize F0F1 ATPase
capacity in tissue homogenates, which opens the way for studying the effects of mutations and
post-translational modifications. In particular, the combined use of F0 and F1 inhibitors allows
checking tight coupling of the enzyme even in crude preparations.
1.
2.
3.
4.
5.

R. Venard, D. Brèthes, M.-F. Giraud, J. Vaillier, J. Velours and F. Haraux, Biochemistry (2003) 42, 7626-76361.
O. Augereau, S. Claverol, N. Boudes, M. J. Basurko, M. Bonneu, R. Rossignol, J.-P. Mazat, T. Letellier and J. Dachary-Prigent, Cell Mol.
Life Sci. (2005) 62, 1478-1488.
R. Mangiullo, A. Gnoni, A. Leone, G. V. Gnoni, S. Papa and F., Biochim. Biophys. Acta (2008) 1777, 1326-1335.
A. Baracca, S. Barogi, V. Carelli, G. Lenaz and G. Solaini, J. Biol. Chem. (2000) 275, 4177-4182.
R. Kucharczyk, M.-F. Giraud, D. Brèthes, M. Wysocka-Kapcinska, N. Ezkurdia, B. Salin, J. Velours, N. Camougrand, F. Haraux and , J.P. di Rago, Int. J. Biochem. Cell Biol. (2013) 45, 130-140.
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The yeast F1Fo-ATP-synthase is a complex of ~600 kDa located in the inner mitochondrial
membrane. In addition to its role in ATP synthesis, this enzymatic complex is also involved in the
shaping of the inner mitochondrial membrane; ATP-synthase associates in dimers that constitute
the building blocks of large oligomers required for normal mitochondrial cristae morphology. In
yeast, subunits e and g are specific of dimeric ATP-synthases. They are necessary to stabilize
dimers and to maintain classic inner membrane invaginations. Subunit f is a 10.5 kDa that is
essential to the assembly of the full ATP-synthase complex. It has one membrane-spanning
segment at its C-terminus. In a yeast strain with a subunit f devoid of this membrane segment, the
ATP-synthase is still assembled and subunits e and g are still present. However, ATP-synthase
dimers are destabilized and cells display an aberrant mitochondrial morphology with alterations
that differ from those observed in cells lacking subunit e or subunit g. These findings will be
analyzed in light of the last cryo-EM volume[1] of a dimeric yeast ATP-synthase.
1. Hahn A., Parey K., Bublitz M., Mills D. J., Zickermann V., Vonck J., Kuhlbrandt W. and Meier T. (2016)
Structure of a Complete ATP Synthase Dimer Reveals the Molecular Basis of Inner Mitochondrial Membrane
Morphology. Molecular cell 63, 445-456.
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Respiration is an essential process for most living organisms providing energy to other key
cellular processes essentially in the form of ATP. If several cellular processes are regulated by a
dynamic spatial organization of their players, the question remains open concerning bacterial
respiration[1]. Do respiratory complexes exhibit a specific spatial organization? If so, is it dynamic
and influenced by various energetic needs in relation to metabolic conditions? Finally, is there a
correlation between the activity of the respiratory complexes and their spatial distribution? To
answer those questions, we have studied the spatiotemporal organization of two key complexes,
namely the succinate dehydrogenase and the ATP synthase in the gut bacterium Escherichia coli.
Using epifluorescence microscopy analysis of cells grown under a well-defined medium allowed
us to observe fluorescent clusters randomly distributed in the E. coli membrane for the two
complexes. Respiratory complexes dynamics analysis using kymographs revealed that a nearly
equivalent fraction of these clusters is mobile. Furthermore, the environmental conditions have a
remarkably strong impact on the ATP synthase dynamics. The non-essential character of ATP
synthase under fermentative conditions seems to be associated with a large increase of the
complex dynamics. A major conclusion is that metabolic conditions influence the spatiotemporal
organization of a key component of respiration. Apart extending these analyses to other complexes
and metabolic conditions, a main perspective consists in evaluating the functional consequences of
such submicrometric spatial organization.

1. A. Magalon, F. Alberge, Distribution and dynamics of OXPHOS complexes in the bacterial cytoplasmic
membrane, Biochimica et Biophysica Acta-Bioenergetics, 1857 (2016) 198-213.

19ème Congrès du Groupe Français de Bioénergétique, Lacanau, 20-24 septembre 2017

Page 105

Session 3
Poster P12:
Characterization of a high chlorophyll fluorescence mutant in the green
microalga Chlamydomonas reinhardtii: a new player in PSII biogenesis?
Chaux Frédérica, Chazaux Marieb and Johnson Xenieb
a

: IBPC, UMR7141 Physiologie Membranaire et Moléculaire du Chloroplaste, CNRS-UPMC,
13 rue Pierre et Marie Curie, 75005 Paris, France
b
: BIAM, Bioénergétique et Biotechnologie des Bactéries et Microalgues, CEA,
Centre de Cadarache Bat 161, 13108 Saint Paul lez Durance, France

The eukaryotic, single-celled microalga Chlamydomonas reinhardtii (Chlorophyceae) has
proven to be an easy-to-use model for exploring energetics of the chloroplast, with an interesting
mix of ancestral (cyanobacteria-like) and land plants-like features. To investigate non-cyclic
electron flows during oxygenic photosynthesis, we generated mutants in a cyclic electron flowdeficient background (the pgrl1 simple mutant strain [1]) by random insertion of a hygromycinresistance cassette [2]. We screened >10.000 transformants on chlorophyll fluorescence and further
studied one of them, which constitutively exhibited a high fluorescence (pgrl1 chf). This double
mutant strain was backcrossed to both pgrl1 and WT strains, which confirmed genetic linkage to
the insertion.
We show that the chf mutation affects photosystem II (PSII), although not preventing
phototrophic growth. In chf mutants, the contribution of PSII to the electrochromic shift of
carotenoids (ECS) induced by a single-turnover saturating flash was half that of control strains.
Overall, subunits of PSII complexes were accumulated to lower levels in chf. We located the
mutation in OPR9, which belongs to a family of genes coding for RNA-binding proteins [3-5] and
also exhibits a putative endonuclease domain (RAP) [6]. Our results thus disclose a new nuclear
factor of photosynthetic complex biogenesis, probably involved in a chloroplastic posttranscriptional process, which enables adequate assembly/stability of PSII complex and high noncyclic electron flow.

1. Tolleter, D., et al., Control of hydrogen photoproduction by the proton gradient generated by cyclic electron
flow in Chlamydomonas reinhardtii. Plant Cell, 2011. 23(7): p. 2619-30.
2. Berthold, P., R. Schmitt, and W. Mages, An engineered Streptomyces hygroscopicus aph 7" gene mediates
dominant resistance against hygromycin B in Chlamydomonas reinhardtii. Protist, 2002. 153(4): p. 401-12.
3. Eberhard, S., et al., Dual functions of the nucleus-encoded factor TDA1 in trapping and translation activation
of atpA transcripts in Chlamydomonas reinhardtii chloroplasts. The Plant Journal, 2011. 67(6): p. 1055-1066.
4. Rahire, M., et al., Identification of an OPR protein involved in the translation initiation of the PsaB subunit of
photosystem I. The Plant Journal, 2012. 72(4): p. 652-661.
5. Wang, F., et al., Two Chlamydomonas OPR proteins stabilize chloroplast mRNAs encoding small subunits of
photosystem II and cytochrome b6f. The Plant Journal, 2015. 82(5): p. 861-873.
6. Lee, I. and W. Hong, RAP: a putative RNA-binding domain. Trends in Biochemical Sciences, 2004. 29(11): p.
567-570.
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b

INTRODUCTION:
Sulfur starvation in Chlamydomonas reinhardtii leads to the inactivation of photosynthetic
metabolism. The main target affected is the photosynthetic apparatus embedded in the thylakoid
membranes. The molecular mechanisms leading to this inactivation are unknown, and the signal
involved in this process has not been identified yet.
Here we provide a characterization of sulfur starvation in different growth and light
conditions, revealing a direct involvement of nitric oxide in the signaling pathway leading to
thylakoid complexes remodeling and photosynthetic inhibition.
AIMS OF THE PROJECT:
•

Identifying the signal governing protein complexes remodeling;

•

Get insides into the molecular mechanism through which proteins are degraded.
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The members of the NADPH oxidase (Nox) family are enzymes that share the common
function to generate reactive oxygen species (ROS) in many tissue of human body by using
NADPH as substrate. This catalytic function is achieved by a redox membrane moiety. The Nox
family includes seven isoforms (Nox1-5 and Duox1, 2) which share structural and functional
features but also differs on the way there are regulated. The members of this family play important
roles in biological and pathophysiological functions including oxidative stress depending on the
cells or tissues where they are located. The isoform Nox2 is the better known member and are
mainly found in white blood cells (neutrophils) where they play a major role in innate immune
defence.
Other isoforms are, much less abundant. This is the case of Nox4 which is implicated in
regulation of proliferation, senescence and differentiation of the cells. Many research concern the
role of Nox4 in the physiology and pathology of the cardiovascular system. It was shown that
Nox4 has an impact on vasoconstriction, atherosclerosis development and vascular cells
hypertrophy. However, the mechanisms of Nox4 regulation are not all known in particular in
contrast to other Noxes, Nox4 is constitutively active. A cytosolic protein, Poldip2, was found in
smooth muscle cells to be able to modulate Nox 4 activity [1]. Better understanding of NOX4
regulation and its involvement in signaling pathways give a hope to control the development of
many diseases. So far very little is known about Poldip2 and its mechanism of regulation. Poldip2
(Polymerase Delta-Interacting Protein 2) is alos known as PDIP38 or mitogenin I is a soluble protein of 42
kDa with a sequence signal for mitochondria. In this work we have managed to produce for the first

time recombinant Poldip2 heterologously in the yeast Pichia pastoris, able to do eukaryotic posttranslational modifications. The purification of the protein required several optimizations. The
recombinant Poldip2 properties were studied with various biophysical techniques. The NADPH
oxidase activity tests performed in cell-free system, well established in our team [2], were used to
study the regulatory effect of Poldip2 on Nox2 activity.

1. Lyle A. N., Deshpande N. N., Taniyama Y., Seidel-rogol B., Pounkova L., DU P., Papaharalambus C.,
Lassegue B., Grindling k. K., 2009. Poldip2, a novel regulator of Nox4 and cytoskeletal integrity in vascular
smooth muscle cells. Circulation Research., 105, 249-259.
2. Souabni H, Ezzine A, Bizouarn T, Baciou L. 2017. Functional Assembly of Soluble and Membrane
Recombinant Proteins of Mammalian NADPH Oxidase Complex. Methods Mol Biol.;1635:27-43.
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INTRODUCTION: Heat is a crucial factor to take into account for athletes involved in
competitions in hot countries. Besides hydration, substrates utilization also contributes to
exercise performance in heat. While glucose dependence has already been described[1,2],
probably depending on both alteration in systemic hormones and local heat effect on skeletal
muscle, the effect of heat on fatty acid oxidation remains largely unknown. PURPOSE: We
wanted to study the effect of heat on carbohydrates and fatty acids oxidation by skeletal muscles.
METHODS: Oxygen consumption was monitored in duplicate using progressive increase of
concentrations of physiological substrates, pyruvate (carbohydrate) or palmitoyl-CoA (a long
chain fatty acid, LCFA), by in situ mitochondria respiration of permeabilized fibres from rat
soleus muscle (n=8) exposed either to 35°C or to 40°C. Maximal oxygen consumption was
measured with glutamate and succinate (Vmax), Pyr (Pyr-Vmax) and PCoA (PCoA-Vmax) for
each rat. Km for substrate was calculated with a Michaelis-Menten’s model. Results were
normalized by the weight of dry fibres, and specific substrate values were also expressed in
percent of Vmax. Means were compared by paired T-test. RESULTS: Basal O2 consumption
(V0) measured in non-phosphorylated conditions did not differ between the two temperatures
whatever the substrate. Vmax was not altered at 40°C (9.97± 0.16 µmol-1.min-1.g-1) vs 35°C
(8.72 ± 0.29 µmol-1.min-1.g-1). Pyr-Vmax was similar at 35°C and 40°C and represented 88 ± 3
% and 86 ± 2 % of Vmax, respectively. PCoA-Vmax did not differ at 35°C and 40°C although
relative values appeared lower at 40°C (42 ± 1 %) than at 35°C (52 ± 2 %). Pyr acceptor control
ratio (ACR) corresponding to the V0-Vmax ratio, was similar at 35°C and 40°C, whereas PCoAACR significantly decreased from 2.92 ± 0.09 at 35°C to 2.15 ± 0.05 at 40°C (p<0.05),
becoming different from Pyr-ACR at 40°C only (p<0.005). Km for these two substrates was not
modified by heat exposure. CONCLUSION: Maximal oxidative capacities of mitochondria are
maintained despite of temperature elevation. The decrease of ACR observed at 40°C for PCoA
only, suggests a heat-induced mitochondrial uncoupling occurring with LCFA oxidation.
Mechanisms underlying this uncoupling effect of LCFA remain to be found. One consequence
could be a higher heat production during muscle contraction and addresses the issue of safety of
lipid ingestion before exercise in the heat.
1. M. Hargreaves, D. Angus, K. Howlett, N. Marmy Conus and M. Febbraio. J Appl Physiol (1996) 81, 1594-1597.
2. R.L. Starkie, M. Hargreaves, D.L. Lambert, J. Proietto, M. Febbraio. Exp. Physiol. (1999) 84,775-784.
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Oxidative phosphorylation (OxPhos) produces 90% of the energy of eukaryotic cells and
occupies a central role in the metabolic network. Mitochondrial diseases result primarily from
OxPhos dysfunctions and affect about one in 5000 individuals, for whom no therapies are
currently available. The modulation of metabolic networks has shown potential to compensate for
OxPhos defects [1,2], yet a rational engineering of these networks to improve bioenergetics is
hampered by the complexity and interconnectivity of metabolic pathways.
Saccharomyces cerevisiae has been a key model in elucidating the composition and
function of the mitochondrial respiratory chain [3] partly because yeast OxPhos mutants, unable to
use “respiratory carbon sources” (like lactate, acetate, glycerol or ethanol), can grow normally by
fermentation of glucose or maltose. We thought to characterize the possibilities of bypassing
OxPhos defects by forcing the remodelling of the metabolic networks of OxPhos-deficient yeast
cells. To do so, we first constructed OxPhos mutants (Δoxp strains) by deleting genes that encode
proteins whose function is critical in the respiratory chain (Sdh2 in complex II, Cyt1 in complex
III, Coq6 in Coenzyme Q biosynthesis). Then, we evolved the Δoxp strains for ~300 generations
in a growth medium that contained limiting maltose and an excess of respiratory carbon sources,
thus selecting for cells with restored capacity to metabolize respiratory carbon sources.
We obtained clones that are able to grow on respiratory medium without any fermentable
carbon source and we are currently characterizing these clones at the genetic and biochemical
levels to reveal how their metabolic network was remodelled.
1. Nightingale, H., Pfeffer, G., Bargiela, D., Horvath, R. & Chinnery, P. F. Brain (2016) 139, 1633-1648.
2.
3.

doi:10.1093/brain/aww081.
Jain, I. H., Zazzeron, L., Goli, R., Alexa, K., Schatzman-Bone, S., Dhillon, H., Goldberger, O., Peng, J.,
Shalem, O., Sanjana, N. E., Zhang, F., Goessling, W., Zapol, W. M. & Mootha, V. K. Science (2016) 352, 5461. doi:10.1126/science.aad9642.
Lasserre, J. P., Dautant, A., Aiyar, R. S., Kucharczyk, R., Glatigny, A., Tribouillard-Tanvier, D., Rytka, J.,
Blondel, M., Skoczen, N., Reynier, P., Pitayu, L., Rotig, A., Delahodde, A., Steinmetz, L. M., Dujardin, G.,
Procaccio, V. & di Rago, J. P. Dis Model Mech (2015) 8, 509-526. doi:10.1242/dmm.020438.
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The knowledge of genomes leads to the construction of genome-scale models (GSM)
involving all the enzymes possibly encoded in the genome. The best example of such a model is
Recon2 involving 7,440 reactions and 5,063 metabolites. Due to their big size, it is difficult to
study these models and the only possible approach is Flux Balance Analysis (FBA) looking for
flux values able, at steady-state, to optimize some objective function. The calculation of all the
Elementary Flux Modes (EFMs), i.e. the minimal pathways inside the metabolic network at
steady-state are out of the possibilities of our computers. Similarly, the lack of knowledge of the
amount of most of the enzymes and their kinetic properties prevent to develop large representative
dynamical systems. Furthermore it is difficult on such big systems to understand their functioning
in special situations (normal or pathological) and even to be sure that the results obtained are not
artefactual or biased.
For all these raisons we decided to develop simpler models still representing the main
architecture of the whole metabolism but with fewer simulated reactions which are aggregations
of the actual reactions. Typically, such a reduced model involves between 50 to 100 reactions and
metabolites to describe the central carbon metabolism. The advantage of such models is to be
more easily tractable and more understandable. Furthermore they can be approached with a
greater panel of methods such as analysis of EFMs, FBA and FVA (Flux Variability Analysis).
Their dynamical behavior can be studied with some reasonable hypotheses on their kinetic laws
and Metabolic Control Analysis (MCA) is possible leading to the determination of good targets
for therapeutic or biotechnology purposes.
With such a simple metabolic model we have approached the different ways to model the
synthesis of serine from glutamine in cancer cells, the Crabtree effect, the metabolic changes in
mitochondrial diseases. We also specified the objective functions able to characterize different
metabolism associated to different cell types.
We have shown that FBA and minimization of the fluxes correspond most of the time to the
simplest EFMs. The great number of EFMs (some thousands until more than one million) despite
the small size of the network must be stressed. This helps to understand that it will be impossible
to calculate all the EFMs of genome-scale models (GSM). In our case, not only are all the EFM
describable but also they can be dynamically studied according to reasonable hypotheses on their
kinetics
However, it is obvious that a simple model cannot retain all the complexity of a GSM.
Furthermore in the construction of the simple model some reactions may have been discarded
without consequence in most of the conditions but could play an essential role in some peculiar
conditions. For this reason, it is important to compare the behavior of the reduced models to the
genome scale models as often as possible with the only method applicable to both models, i.e.
FBA.
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Complex II is one of the entry points of electrons in the respiratory chain. Succinate coming
from the Krebs cycle is oxidized as fumarate and the two electrons go through complex II to
reduce a quinone as quinol.
The first step is the electron transfer to FAD molecule which is supposed to be reduced as
FADH2. Then electrons come one per one to three iron-sulfur clusters. The first one is Fe2S2, the
second is Fe4S4 and the third is Fe3S4. From this last iron-sulfur cluster, electrons go to quinone to
form in a first step a semiquinone, then a second electron will transform the semiquinone in quinol
with the addition of two protons.
In the other side of the quinone binding site, there is a haem. In the case of E.coli, the redox
potential of this haem (36 mV) is similar to the one of Fe3S4 (65 mV) and one of its role could be
to pool on electron, so the transfer of two electron to quinone to form quinol could be accelerated,
reducing the life-time of the semiquinone.
However, in the case of bovine complex II, the redox potential of this haem is much lower (185 mV) although redox potential of others redox centers do not change compare to E. coli
complex II. This low potential suggests that it has no possible role in the electron transfer.
Using a stochastic simulation (Gillespie), we have tested the role of the haem present in
complex II. We try three sets of parameters which are 1) the E.coli complex II, 2) the bovine
complex II and 3) the E coli complex II without the haem (or with its haem having the redox
potential of the one of bovine). The results are that in the presence of the haem, the life-time of the
flavine semiquinone (FADH) is very high (56%) and its redox potential is such that it could react
with O2 to form ROS. However, in absence of haem (or haem with redox potential very low), lifetime of FADH is very low (0,3%), reducing drastically the ROS production. ROS are deleterious
in the case of mammalian cells. It seems that evolution reduced the redox potential of this haem to
reduce the ROS formation and its presence in mammalian complex II may appear as a relic from
the evolution.
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In the yeast Saccharomyces cerevisiae, the most important systems for conveying excess
cytosolic NADH to the mitochondrial respiratory chain are the external NADH dehydrogenases
(Nde1p and Nde2p) and the glycerol-3-phosphate dehydrogenase shuttle. In the latter system,
NADH is oxidized to NAD+ and dihydroxyacetone phosphate is reduced to glycerol-3-phosphate
(G3P). Subsequently, G3P donates electrons to the respiratory chain (RC) via mitochondrial G3P
dehydrogenase (Gut2p). At saturating concentrations of NADH, the activation of external NADH
dehydrogenases completely inhibits G3P oxidation. This inhibition was caused by competition for
entrance of electrons into the respiratory chain. Using single deletion mutants of Nde1p or Nde2p,
we have shown that G3P oxidation via Gut2p is fully inhibited when NADH is oxidized via
Nde1p, whereas only 50% of G3P oxidation is inhibited when Nde2p is functioning. By
comparing respiratory rates with different respiratory substrates, we showed that electrons from
Nde1p are favored over electrons coming from Ndip (internal NADH dehydrogenase) (1).
Such a competition generates a priority for cytosolic NADH reoxidation. Furthermore, this
electron competition process is associated with an energy wastage (the “active leak”) that allows
an increase in redox equivalent oxidation when the redox pressure increases. When this redox
pressure is decreased, i.e. under phosphorylating conditions, most of this energy wastage is
alleviated (2). By studying mutant strains affected either in RC supramolecular organization or in
electron competition activity, we have shown that the RC supramolecular organization is not
responsible for the electron competition processes (3).
We have measured the kinetic parameters of all the enzymes involved in mitochondrial NADH
or G3P oxidation in both mutants (Nde1 and Nde2) and using a mathematical model for
electrons transfer through respiratory chain we can conclude that the main parameter determining
the electrons competition is the particular elasticity of the different dehydrogenases towards the
redox state of the quinone pool.
1. O. Bunoust, A. Devin, N . Avéret, N. Camougrand and M. Rigoulet. J. Biol. Chem. (2005) 280, 3407-3413.
2. A. Mourier, A. Devin and M. Rigoulet. Biochim. Biophys.Acta. Bioernergetics. (2010) 1797, 255-261.
3. M. Rigoulet, A. Mourier, A. Galinier, L. Casteilla and A. Devin. Biochim. Biophys.Acta. Bioernergetics.
(2010) 1797, 671-677.
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Transporters, symporters, antiporters, carriers or permeases catalyze substrate specific
equilibration and/or transport of solutes across the biological membrane. Selective transport of
ions and substrates across membranes could be described with two ion pathways, one from either
side of the membrane, however, not spanning it. The transport across this remaining gap
corresponds to an active site, where involved specific catalytic residues reversibly bind the
substrate. In proton translocating enzymes, the charged form of each residue is stabilized in such
a way that neither residue can easily gain or lose protons. The conformational change induced
during transport of the ion or a substrate would then lead to a shift of the pK and the release of the
substrate.1 Well defined acid/base pair(s) with specifically shifted pK values are found is several
proton translocating enzymes[1].
Here we present an approach allowing the in situ identification of the pK value of specific
residues in response to the conformation of the membrane protein by surface enhanced infrared
difference spectroscopy. The protein used for the development of the approach, is the lactose
permease from Escherichia coli (LacY). It is the most intensively studied membrane transport
protein in the major facilitator superfamily (MFS 1). First solved in 2003, the crystal structure of
LacY of E. coli exhibits 12 transmembrane helices[2]. One of the most important unknowns in the
mechanism of galactopyranoside/H+ symport in LacY is the nature of protein conformational
changes that switch substrate accessibility from the cytoplasmic part to the periplasmic one. The
protonation induced transition of sugar is ruled by the creation and breakage of salt bridges
between glutamate and arginine pairs[3].
The nitrophenyl-α-D-galactopyranoside /H+ symport of LacY immobilized on gold
nanostructures at different pH values was monitored infrared spectroscopically revealing signals
characteristic for conformational changes and the protonation/deprotonation of acidic residues.
Wild type LacY and different mutants, including E325A/D, G46W/G262W (LacYww) and
LacYww/E325A, R302AK and H322Q have been studied. Experimental evidence is given that
E325 has a pKa of 10.5± 0.1, a value that coincides precisely with the variation of the affinity of
LacY for galactoside as a function of pH[4]. When E325 is mutated to D325 the pK value is
changed and the infrared signal of the COOH group downshifts by several wavenumbers. Both
effects can be attributed to the perturbed local environment. Mutations of other residues, including
the nearby R302 and H322, have been found to shift the pK of E325, pointing towards their
interplay with E325 during transport.
1. Gutteridge, A., Thornton, JM. (2005) Trends Biochem Sci.30, 622.
2. Abramson, J, et al. (2003) Science 301, 610.
3. Guan, L., and Kaback, H. R. (2006) Annu Rev Biophys. 35, 67.
4. Grytsyk, N., Sugihara, J., Kaback, H. R., and Hellwig, P. (2017) PNAS. 114, 1530.
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Aquifex aeolicus is a hyperthermophilic and lithoautotrophic bacterium that plays a
predominant role in carbon and sulfur biogeochemical cycles. This microaerophilic bacterium can
grow on molecular hydrogen (H2) and inorganic sulfur compounds (as thiosulfate S2O3 or
elemental sulfur S0) as electron donors and oxygen as electron acceptor. Significant efforts have
been made to characterize the respiratory chains of A. aeolicus [1,2,3,4]. The metabolic adaptation
responses of the bacterium to different sulfur compounds and H2 conditions have so far been
poorly studied. Here we established the growth of A. aeolicus under various conditions of H2,
S2O3 or S0 and fixed CO2 /O2 concentration. For each condition, substrates and products of the
metabolism (H2, S2O3, sulfate, sulfide) were assayed by HPLC and GC. In addition, we
investigated the levels and activities of different respiratory enzymes (hydrogenase, sulfur
oxidases, quinol and cytochrome oxidases) in these growth conditions. Our results provide novel
insights into the regulation of the hydrogen and sulfur pathways in A. aeolicus.

1. M. Guiral, L. Prunetti, C. Aussignargues, A. Ciaccafava, P. Infossi, M. Ilbert, E. Lojou and M.T. GiudiciOrticoni. Adv. Microb. Physiol. (2012) 61, 125-194.
2. L. Prunetti, P. Infossi, M. Brugna, C. Ebel, M.T. Giudici-Orticoni and M. Guiral. J. Biol. Chem. (2010) 285,
41815-41826.
3. L. Prunetti, M. Brugna, R. Lebrun, M.T. Giudici-Orticoni and M. Guiral. PLoS One (2011) 6(6), e21616.
4. S. Boughanemi, J. Lyonnet, P. Infossi, M. Bauzan et al. FEMS Microbiol. Lett. (2016) 363(15), pii: fnw156.
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Many environments include inorganic sulfur compounds that are metabolized by
physiologically and phylogenetically diverse micro-organisms, either as electron donor or
acceptor. Some enzymes involved in oxidation pathways of these compounds have been well
described but others are still not characterized, despite their predicted role in this metabolism. This
is the case of the heterodisulfide reductase (Hdr)-like enzyme (homologue to the archaeal
HdrABC of the methanogens) postulated, on the basis of gene transcript profiling experiments
previously published, to mediate oxidation of sulfur compounds in a number of sulfur-oxidizing
archaea and bacteria. Nevertheless, no biochemical and physicochemical data are available so far
about this enzyme in these micro-organisms. In methanogens, the soluble HdrABC enzyme
catalyzes the reduction of the heterodisulfide of coenzyme M and coenzyme B (CoM-S-S-CoB)
into two thiol cofactors involved in methanogenesis. The Hdr enzyme is in complex with a soluble
hydrogenase to couple the endergonic reduction of ferredoxin to the exergonic reduction of CoMS-S-CoB with H2, using the electron bifurcation mechanism [1]. The Hdr-like complex in sulfur
oxidizers is predicted to have a completely different function, although potentially it might also
bifurcate electrons.
Genes coding for an Hdr-like enzyme were identified in Aquifex aeolicus, a gram negative,
hyperthermophilic, chemolithoautotrophic and microaerophilic bacterium that uses inorganic
sulfur compounds as electron donor to grow. We provide biochemical evidence that this enzyme is
present in this sulfur-oxidizing prokaryote (cultivated with thiosulfate or elemental sulfur). We
demonstrate, by immunolocalisation and cell fractionation, that Hdr-like is associated, presumably
monotopically, with the membrane fraction. We show by co-immunoprecipitation assay or partial
purification, that the Hdr proteins form a stable complex composed of at least five subunits, HdrA,
HdrB1, HdrB2, HdrC1 and HdrC2, present at about 240 kDa on native gel. This Hdr-like complex
is the first to be purified from a sulfur-oxidizing micro-organism [2].
In sulfur oxidizers, the hdr genes are inevitably flanked by genes coding for proteins
homologous to TusA and DsrE, known sulfur carriers. It has been earlier suggested that a
cytoplasmic sulfur-trafficking network including these proteins, delivers the sulfur substrate, thus
in a protein-bound form, to the Hdr enzyme [3]. We heterologously produced Aquifex aeolicus
TusA protein and show that it binds the low-molecular-weight thiol glutathione on the reactive
cysteine when purified from Escherichia coli and reacts with sulfide and polysulfide in vitro.
These studies allow us to propose a revised model for dissimilatory sulfur oxidation
pathways in Aquifex aeolicus, with Hdr predicted to generate sulfite [2].
1. W. Buckel, R.K. Thauer, Biochim Biophys Acta. (2013) 1827(2), 94-113.
2. S. Boughanemi, J. Lyonnet, P. Infossi, M. Bauzan et al., FEMS Microbiol. Lett. (2016) 363(15), pii: fnw156.
3. C. Dahl, IUBMB Life (2015) 67(4), 268-274.
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Molybdenum-containing enzymes constitute an ancient protein family with several
members likely present in the Last Universal Common Ancestor [1]. To date, enzymes of this
family are the most diverse in terms of reactivity and constitute one of the most prolific in the
world of bioenergetics converting molecules ranging from the simple inorganic molecule CO2 to
xenobiotics such as ethylbenzene, cholesterol or arsenics. Among them microbial formate
dehydrogenases (i.e. FDH) efficiently catalyze CO2 reduction through an oxidoreductive reaction.
Such observation has generated great interest for their potential application in biotechnological
and environmental technologies [2]. However, most FDHs display an oxygen-sensitivity of their
activity which precludes some applications. Hence, exploration of new FDHs that require a
simplified production process could improve their understanding and utilization.
Transcriptomic analysis in the soil bacterium B. subtilis has predicted the expression of an
uncharacterized member of the FDHs family [3]. Here we demonstrate that this molybdenumcontaining enzyme is expressed during physiological stress and responsible for the FDH activity
in these conditions, then called SifY: Stress-induced Formate dehydrogenase Y. Also, we have
purified SifY to determine its structural subunits and the potential dedicated chaperone(s) involved
in its maturation. Importantly, this novel FDH is still active when isolated under aerobic
conditions offering a more robust model for FDHs investigation.

1. Schoepp-Cothenet, B., van Lis, R., Philippot, P., Magalon, A., Russell, M. J., and Nitschke, W. (2012) The
ineluctable requirement for the trans-iron elements molybdenum and/or tungsten in the origin of life, Scientific
reports 2, 263.
2. Enthaler, S. (2008) Carbon dioxide--the hydrogen-storage material of the future?, ChemSusChem 1, 801-804.
3. Hoper, D., Volker, U., and Hecker, M. (2005) Comprehensive characterization of the contribution of individual
SigB-dependent general stress genes to stress resistance of Bacillus subtilis, Journal of bacteriology 187, 28102826.
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Electron Transfer Chains (ETC), governed by redox reactions, generate a proton gradient,
which can be then used for the production of ATP. Rieske/cyt b complexes can be inserted in the
ETC to improve the ratio of translocated protons per transported electron by recycling electrons
through the so-called Q-cycle. This optimization introduces a rate-limiting step within the ETC,
the dysregulation of which can lead to the formation of reactive oxygen species (ROS). The
release of ROS by Rieske/cyt b complexes has been proposed to be responsible for
neurodegenerative and other pathologies. They are known to be targeted by antimalarial and
possibly antituberculosis medications.
Bacillus subtilis has a respiratory chain composed of several deshydrogenases such as
NDH-II, SDH and GPDH that use respectively NADH, succinate and glycerol phosphate as
substrates. The rest of the chain is composed by a Rieske/cyt b complex, the cytochrome b6c, and
cytochrome c oxidase caa3, or different quinol oxidases. Depending on the conditions of growth,
the respiratory complex composition will differ.
The cytochrome b6c complex is associated at the supramolecular level with a cytochrome c
oxidase: caa3 . This supercomplex uses as substrate a menaquinone, a low potential redox quinone.
It is thought to be expressed at the end of the exponential phase in order to enhance the energetic
yield of the bacteria. Our objective is to determine the structure of the supercomplex to understand
what govern their interactions since the determination of the first structures at a sufficient
resolution of mitochondrial supercomplexes have suggested a possible asymmetrical mechanism.
Moreover, despite the fact that the general mechanism of the Q-cycle is generally thought to be
quite well understood, it is still the subject of heated controversies and a structure with low
potential quinone is lacking. More specifically, we aim to study the supercomplex b6c : caa3 of
Bacillus subtilis using X-ray crystallography in order to obtain a structure at high resolution.
To achieve this, the first step is to optimize the growth conditions of the bacteria, since the
supercomplex is only produced under specific growth conditions [2]. Subsequently, the purification
of the entire supercomplex is optimized in order to obtain a sample conducive to crystallization.

1. Bergdoll L, Ten Brink F, Nitschke W, Picot D, Baymann F. From low- to high-potential bioenergetic chains:
Thermodynamic constraints of Q-cycle function. Biochim Biophys Acta. (2016) 1857:1569-79.
2. Evert-Jan Blom, Anja N. J. A. Ridder , Andrzej T. Lulko , Jos B. T. M. Roerdink , Oscar P. Kuipers. TimeResolved Transcriptomics and Bioinformatic Analyses Reveal Intrinsic Stress Responses during Batch Culture
of Bacillus subtilis. PLoS ONE (2011) e27160
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The three presently known enzymes responsible for arsenic-using bioenergetic processes are
arsenite oxidase (Aio), arsenate reductase (Arr) and alternative arsenite oxidase (Arx), all of which
are molybdoenzymes from the vast group referred to as the Mo/W-bisPGD enzyme superfamily
(1). Since arsenite is present in substantial amounts in hydrothermal environments (2) (frequently
considered as vestiges of primordial biochemistry), arsenite-based bioenergetics has early on been
predicted to be ancient. Conflicting scenarios, however, have been put forward proposing either
Arr/Arx or Aio as operating in the ancestral metabolism. Phylogenetic data argue in favor of Aio
whereas biochemical and physiological data led several authors to propose the Arx/Arr enzyme as
the most ancient anaerobic arsenite metabolizing enzyme (3, 4). Here we combine phylogenetic
approaches with physiological and biochemical experiments to demonstrate that the Arx/Arr
enzyme cannot have been functional in the Archaean. We propose that Arr reacts with
menaquinones to reduce arsenate whereas Arx reacts with ubiquinone to oxidize arsenite, in line
with thermodynamic considerations. The phylogeny of the quinone biosynthesis pathway,
however, clearly indicates that the ubiquinone pathway is recent. An updated phylogeny of Arx
furthermore reinforces the hypothesis of recent emergence of this enzyme. We therefore conclude
that only the metabolism involving Aio can have performed anaerobic arsenite redox conversion
in the Archaean.
1. S. Grimaldi, B. Schoepp-Cothenet, P. Cécaldi, B. Guigliarelli and A. Magalon. Biochim. Biophys. Acta (2013)
1827(8-9):1048-1085.
2. R. Mukhopadhyay, B. P. Rosen, L. T. Phung and S. Silver. FEMS Microbiol. Rev. (2002) 26(3): 311-325.
3. R. van Lis, W. Nitschke, S. Duval and B. Schoepp-Cothenet. Biochim. Biophys. Acta (2013) 1827(2): 176-188.
4. T.R. Kulp, S. E. Hoeft, M. Asao, M. T. Madigan, J. T. Hollibaugh, J. C. Fisher, J. F. Stolz, C. W. Culbertson, L.
G. Miller and R. S. Oremland. Science (2008) 321(5891): 967-970.
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Desulfovibrio fructosovorans, our model organism, metabolises H2 thank to several different
enzymes located in different cellular compartments. Among them, two reveal strong similarity
with multimeric [FeFe] hydrogenases that can perform electron bifurcation [1-3]. Electron
bifurcation is the third mechanism for organisms to conserve energy. It couples an exergonic
redox reaction with an endergonic one.
This study focuses on the tetrameric hydrogenase Hnd.

Schematic representation of Hnd hydrogenase from D. fructosovorans
This hydrogenase was previously described as an NADP-reducing hydrogenase [4]. In order
to characterize Hnd at the molecular level, we have cloned the hnd operon encoding the four
subunits of the complex for homologous production of a Strep-tagged recombinant hydrogenase.
We present here the first overexpression of this type of hydrogenase and results of the biochemical
characterization. We show that Hnd is an electron bifurcating enzyme and we identified its
partners.
1. W. Buckel, R.K. Thauer, Energy conservation via electron bifurcating ferredoxin reduction and proton/Na+
translocating ferredoxin oxidation. Biochim. Biophys. Acta 1827 (2013) 94-113.
2. K. Schuchmann, V. Mueller, V.A Bacterial Electron- bifurcating Hydrogenase
Journal of Biological Chemistry, 2012, 287, 31165-31171
3. Schut, G. J. & Adams, M. W. W. The Iron-Hydrogenase of Thermotoga maritima Utilizes Ferredoxin and
NADH Synergistically: a New Perspective on Anaerobic Hydrogen Production, Journal of Bacteriology, 2009,
191, 4451-4457
4. G. de Luca, P. de Philip, M. Rousset, J.P. Belaich, Z. Dermoun, The NADP-reducing hydrogenase of
Desulfovibrio fructosovorans: evidence for a native complex with hydrogen-dependent methyl-viologenreducing activity, Biochem. Biophys. Res. Commun. 248 (1998) 591-596.
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Ubiquinone biosynthesis requires several chemical modifications of its aromatic ring,
including one reaction of prenylation, one reaction of decarboxylation, three reactions of
hydroxylation, and three reactions of methylation. In Escherichia coli, 9 proteins have been
identified as involved in the ubiquinone biosynthetic pathway (UbiA-UbiH, UbiX)1,2. Very
recently, we identified 2 new proteins: YigP (UbiJ), and YqiC (UbiK), involved in the ubiquinone
biosynthetic pathway 3,4. This pathway is conserved among species, from prokaryotes to eukaryotes.
Moreover, these proteins likely form a large multi protein assembly, as this is the case with
Coq proteins, the eukaryotic homologues of the bacterial Ubi proteins, involved in
Coenzyme Q9 biosynthesis in the yeast Saccharomyces cerevisiæ.
UbiJ and UbiK are archetypal “new” Ubi proteins. They were not listed among the “Ubi”
proteins before our recent studies and they have no predicted enzymatic activity. UbiK shares 31
% sequence identity with Brick1, a precursor for the assembly of the Wave cytoskeleton
complex, a multi-protein complex that promotes actin polymerization. In silico predictions
suggested that the N-terminal domain of UbiJ resembles members of the sterol carrier protein
(SCP) family which bind lipids. We demonstrated that the homotrimeric UbiK forms a
heterotrimeric complex (2UbiK:1UbiJ) with the C-terminal part of UbiJ (SEC-MALLS and
analytical ultracentrifugation) and we proposed a model of this heterotrimeric complex. These
results raise the possibility of UbiK acting as an accessory and a scaffold protein, playing an
important role for the formation, the structuration and the stability of the complex.

1 Aussel, L. et al. Biosynthesis and physiology of coenzyme Q in bacteria. Biochimica et biophysica acta 1837,
1004-1011, doi:10.1016/j.bbabio.2014.01.015 (2014).
2 Hajj Chehade, M. et al. ubiI, a new gene in Escherichia coli coenzyme Q biosynthesis, is involved in aerobic C5hydroxylation. The Journal of biological chemistry 288, 20085-20092, doi:10.1074/jbc.M113.480368 (2013).
3 Aussel, L. et al. ubiJ, a new gene required for aerobic growth and proliferation in macrophage, is involved in
coenzyme Q biosynthesis in Escherichia coli and Salmonella enterica serovar Typhimurium. Journal of
bacteriology 196, 70-79, doi:10.1128/JB.01065-13 (2014).
4 Loiseau, L. et al. The UbiK protein is an accessory factor necessary for bacterial ubiquinone (UQ) biosynthesis
and forms a complex with the UQ biogenesis factor UbiJ. The Journal of biological chemistry 292, 11937-11950,
doi:10.1074/jbc.M117.789164 (2017).
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