Ph.D Dea 
  
Ater 
  
Arne Am 
  
; Materna 
  
Sabine Ss 
  
; Sturm 
  
Bernard Bl 
  
; Lepetit 
  
Alexandre Ab 
  
; Barnett 
  
Lb 
  
Sabine Sturm 
  
Ex Ng 
  
Chin Yue 
  
Blommaert Lander 
  
V David 
  
C Dupuy 
  
S Tortajada 
  
Chin Ng 
  
Yue_2005 
  
Iut04_ G Gélin_2012 
  
P Kroth 
  
B Lepetit 
  
T Jakob 
  
R Goss 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
Algal models Other algal groups

Keywords: elected member, LIENSs scientific research council Phaeodactylum tricornutum Other planktonic diatom species Benthic diatoms Arctic diatoms Monospecific populations, marine and freshwater, planktonic and benthic, ex situ Communities, marine, benthic, ex situ Communities, marine, benthic, in situ Pk, in situ RPLInt04, RPPInt04

1_ Ecophysiology of microalgae (phytoplankton and microphytobenthos) : influence of environmental factors on the biodiversity and the habitat distribution, focus on diatoms. 2_ Physiology of the photosynthetic productivity : photosynthesis regulation as a function of environmental factors, focus on photoacclimation and photoprotection. 3_ Methodology of chlorophyll fluorescence : improvement of

References Appendices

Toutes les personnes citées ci-dessous ont, à leur manière, et de façon plus ou moins profonde, contribué à être ce que je suis aujourd'hui en tant que scientifique, chercheur, et être humain, à ce que j'en arrive là, de cette façon-là : ça été long et parfois très chaotique, mais je n'ai pas (trop ?) de regrets. J'espère pouvoir leur rendre hommage aves ces quelques mots.

Pourquoi passer l'HDR maintenant ? Alors que j'aurais pu la passer bien avant si j'avais strictement suivi les critères administratifs ? Parce qu'il est temps pour une étape supplémentaire dans mon évolution scientifique et intellectuelle, autrement dit un bon autocoup de pied au c… pour ne pas s'endormir sur ses acquis (je n'aurais certainement pas la prétention de dire 'lauriers'). D'aucun(e)s penseront très fort 'explications bien alambiquées pour ne pas admettre qu'il est lent'… c'est vrai, j'admets, je suis lent (cris de joie dans l'assistance)… certain(e)s appellent ça de la lenteur, j'appelle ça 'prendre son temps' et plus particulièrement 'prendre le temps de bien faire les choses', en tout cas 'bien' comme je tout avec moi-même, j'essaye de me soigner, c'est mieux qu'avant mais quand même ça reste ancré, et ça prend du temps d'être perfectionniste, c'est pas croyable… et qu'est-ce que c'est fatiguant… Alors, oui, je suis lent (et je le revendique) car j'aime attendre et atteindre un point d'évolution tel que je peux regarder tout ça de l'extérieur tout en pouvant toucher du doigt la nature profonde de ce qui m'entoure, en particulier les gens, à commencer par moimême. Et même si c'est parfois nécessaire, je n'aime pas l'interventionnisme à tout crin sous prétexte d'efficacité et de productivité : les 'choses de la vie' et bien sûr les gens qui les génèrent et les portent, ont, par définition, une vie, laissons leur le temps et tout finit par se faire au mieux, ça n'est pas de la magie, c'est simplement le cours de la vie saupoudrée de quelques paillettes d'optimisme. Bref, je fonctionne beaucoup à l'instinct, et mon instinct me dit qu'il est temps de se plier au sacro-saint exercice rétrospectif franco-français de l'HDR.

'Le passé est une contrée étrange où il ne fait pas toujours bon se perdre', certes, mais de temps en temps, ça ne fait pas de mal non plus de jeter un oeil derrière soi pour mieux se projeter dans l'avenir et, en l'occurrence, ici, au-delà de l'océan pour une nouvelle vie en Nouvelle-France.

Le parcours/bilan scientifique et professionnel d'un chercheur est très souvent (et parfois, malheureusement) intimement lié à son parcours/bilan personnel. L'HDR est spécialement l'occasion de revenir sur ses expériences de recherche, d'enseignement, d'encadrement, de coordination de projets, et j'en passe. Il est de bon ton (et de toute façon il est demandé) de lister tout ça dans le moindre détail (cf CV à suivre), c'est fastidieux et un peu ennuyeux, bien qu'intéressant. Intéressant car cela permet de refaire le parcours en sens inverse et avec une perspective nouvelle (pour ne pas dire un regard vieilli ou usé ou assagi, c'est comme on veut) et surtout cela permet de mettre la science en perspective de l'humain.

Une 'rétrospective', doublée de remerciements, relativement chronologique, s'impose donc, bien que je ne sois pas un grand fan de cet exercice, et ce pour quatre raisons : 1) ça fait musée 'sauve-qui-peut' poussiéreux, 2) ça n'est jamais très glorieux pour quelqu'un de lent de s'apercevoir du temps qu'ont pris certaines choses pour se réaliser (les personnes rapides/efficaces diraient 'pour réaliser certaines choses'), 3) ça n'est jamais très agréable de renflouer les mauvais souvenirs, même les bons d'ailleurs, 4) ce qui est à venir est bien plus excitant. Et comme je ne suis pas près d'en refaire une de rétrospective, et que je ne fais presque jamais rien à moitié, et que mon parcours n'a pas été des plus classiques, tout ce qui suit est (un peu) long, je ne m'en excuse pas, les détails sont surtout pour moi, pour plus tard, pour ne pas oublier... Donc, à suivre, presque 18 ans de ma petite histoire de chercheur: rien de bien extraordinaire et surtout pas de 'voie royale', pas vraiment de galère (enfin pas de grosse, mais tout est relatif bien sûr), pas mal de chance, en fait beaucoup, mais la chance ça se provoque aussi, quelques succès, de très bons moments, de très belles rencontres, mais aussi des déceptions et de mauvaises associations (heureusement peu, et toujours dues à ma naïveté), mais surtout beaucoup beaucoup beaucoup de travail, et malheureusement quelques sacrifices, parfois des gros… mais c'est la vie.

Après deux tentatives infructueuses, j'ai été reçu au concours CNRS grade CR2 vapeur en TGV entraînant tous les gens qui veulent monter en cours de route : il y a eu des changements d'aiguillage (pas d'erreurs cependant, j'ai le sentiment), normal et excitant (les voies trop balisées trop peu pour moi), des passagers qui ont sauté sur les voies en cours de trajet (dommage), mais pas d'arrêt, à peine des ralentissements pour faire coucou aux passages en gare (la rédaction de ce manuscrit en est un, quelque part), vitesse de croisière atteinte depuis 2012, turbine à plein rendement, wagon restaurant bien fourni : ça peut aller très loin, longtemps… tant que le décor évolue constamment, que de nouveaux passagers avec billet composté (les associations passées décevantes incitent à la prudence) continuent de monter et que l'amusement perdure afin d'éviter le pire ennemi du chercheur, en tout cas le mien : l'ennui de se répéter. Ici, et maintenant, c'est l'occasion ou jamais de mettre en lumière les personnes qui ont été prépondérantes lors de mon parcours rochelais et de les remercier.

Mais avant cela, reprenons la chronologie dans le sens du poil.

Certainement tout a débuté concrètement (mais quelle part d'inconscient là-dedans ?)

après mon IUT de Biologie Appliquée (pour le coup très barbant) à Angers . Là je réalise mon stage de fin d'IUT à l'Université d'Angers sur… les microalgues vertes, comme quoi... Je voulais continuer à l'université : aucune envie de passer un concours (!) et surtout un grand besoin d'apprendre à ma manière, presque en autodidacte 'free-lance'. Et j'ai poursuivi à Brest par une Licence et une Maîtrise (1995-97), pas à Lyon (accepté, mais trop loin de mes bases) et pas à Rennes (accepté, mais trop tard). Pourquoi tous ces détails ? Pour les 'jeunes' en devenir qui auront eu le courage d'arriver jusqu'à ce point de cet avant-propos et de leur évolution professionnelle pour avoir ce manuscrit entre les mains : parce qu'une carrière de chercheur ne tient à rien, et avant tout à beaucoup de chance ou plus précisément de 'être au bon endroit, au bon moment, avec le bon CV'. J'ai débarqué à Brest sans me douter une seule seconde que l'enseignement serait très 'marin' (regarde une carte la prochaine fois !) et bien sûr sans avoir aucun intérêt pour ce type d'enseignement contrairement à mes collègues étudiants rois de la plongée, de la glisse sous toutes ses formes, des baleines, des requins, phoques et autres dauphins. Je me suis longtemps demandé ce que je foutais là ! Et c'est tout aussi par hasard (enfin presque) que je me suis retrouvé à suivre un module sur les algues dirigé par le Jean-Yves Floc'h. Et ça m'a plu, beaucoup même.

Tellement que j'ai laissé tomber l'idée première de travailler sur la physiologie des poissons (!). Je ne sais pas vraiment pourquoi ça m'a autant plut, peut-être parce que j'ai toujours été attiré par le 'végétal' et parce que, comme je n'aime pas faire comme les autres : pourquoi bosser sur les plantes terrestres quand on peut bosser sur les algues ?! Mais quand même… les perspectives professionnelles, les fameux 'débouchés' ?... Les quoi ???!!! A y regarder de plus près maintenant, il fallait quand même être sacrément inconscient (pour rester poli). Il fallait sans doute aussi pas mal de confiance en soi (pour rester poli), l'assurance que ça marcherait coûte que coûte, et des parents, certes totalement largués, mais supporters inconditionnels. Anecdote : je me souviens m'être totalement planté à l'examen 'Algo' de Dubacq, auteur de la fameuse tirade 'quand tu fais une manip et que tu obtiens le résultat attendu, surtout ne la refait pas !'. Mais les deux personnes les plus importantes restent Jean-Claude Duval, mon encadrant de DEA qui est parti en retraite anticipée après ma 1 ère année de thèse (lâcheur !), et surtout Anne-Lise Etienne, ma directrice de thèse, à qui je dois associer Hans J. van Gorkom qui est venu débloquer une situation compliquée grâce à son opiniâtreté doublée d'un humour ravageur. Merci à tous les trois pour la transmission de l'enthousiasme, du travail bien fait, de la persévérance, merci pour la confiance, la patience, la sincérité et les leçons de vie encore plus que pour celles de science, dont une que je garde comme un trésor et qui m'aide à me transcender tout en relativisant : 'le jour où tu ne t'amuseras plus à faire de la recherche, change de boulot : la déconnade c'est la base de toute bonne science'. Et c'est vrai qu'on a sacrément rigolé ! La suite ? Bien sûr (je n'attends que ça), je pars faire un post-doctorat à l'étranger alors qu'en début de thèse j'avais juré les grands dieux que jaaaamais je n'irais travailler en dehors du territoire ! Début octobre 2003, je débarque donc à Konstanz (enneigée, j'ai eu peur), au sud de l'Allemagne, à la frontière avec la Suisse, au bord du Bodensee, et le paradoxe continue : mais pourquoi aller travailler sur les diatomées marines au bord d'un lac qui en plus est tellement propre qu'il ne contient quasiment plus de microalgues ? Parce que là-bas, il y a le groupe de Peter Kroth, à l'époque, et toujours aujourd'hui, un des meilleurs en Europe et dans le monde, pour les approches moléculaires sur les diatomées : c'était l'idée principale, appréhender ces techniques qui semblaient aussi inaccessibles que le Graal à ce moment-là. Aussi parce que c'était, à nouveau, un (gros gros) coup du hasard : pendant ma 2 ème année d'ATER, 6 mois passés à écrire un projet, à postuler à des bourses, rien (je devais aller très à l'Ouest, Californie). Alors, de dépit, je vérifie à nouveau les sites de mes labos 'favoris' et là comme tombée du ciel, une annonce de position post-doc, je postule, c'est réglé en 2 semaines (et j'ai fini un peu à l'Est). Et encore une fois, ça tient à quoi une carrière ? sans parler du reste… Je reste 4 ans à Konstanz, tout m'a plu, j'aurais aimé y rester plus longtemps, peut-être même toute ma vie mais ça n'était pas ma destinée, mais ça je ne le savais pas encore. Evidemment le cadre est à l'opposé de Paris, de l'ENS, de Paris VI : petite ville, petite université, petit groupe mais énorme potentiel et, à nouveau, beaucoup beaucoup d'opportunités : la chance toujours, mais aussi le flair quand même. A nouveau, le pari un peu insensé s'est transformé en superbe histoire, en tremplin magnifique, en chapitre de vie doré :

après seulement 8 mois, je décroche un poste d'Assistant Professeur, j'ai 28 ans et demi, c'est mon premier vrai poste, j'ai du mal à le croire : oui, j'ai passé la seconde ! Dans ce cadre, je remercie énormément Iwona Adamska, pour qui j'ai une pensée affectueuse : son avis a été essentiel pour mes deux recrutements à Konstanz. Et je n'oublierai pas les (nombreuses) bouteilles de vin d'Afrique du Sud partagées ensemble. Bien sûr, un grand merci également à Peter Kroth, je n'ai pas été le post-doc idéal (trop indépendant, trop direct, trop grandegueule, trop ironique : trop français !), loin de là, mais il m'a toujours poussé dans la direction où je n'osais pas aller. Je lui en suis reconnaissant à jamais, et notre collaboration qui dure depuis ce temps m'est très chère : j'espère qu'elle continuera longtemps. C'est grâce à Peter que j'ai eu mes premières expériences de co-encadrement doctoral, mon premier vrai projet à moi financé de manière indépendante, ma première responsabilité de thèse, mon premier (tout petit) groupe de recherche. --15_ Elected member of the scientific research council of the UMRi7266 LIENSs.

--15_ Responsible for the DYFEA team research axis 'Processus microbiens en domaines benthique et pélagique : structuration, contrôle et devenir' in the framework of the 4 year-UMRi7266 LIENSs scientific project.

--15_ UMRi7266 LIENSs contact with INIST-CNRS for bibliography information.

III-2_ Past

--12_ Occasional substitute of the team DYFEA leader for the laboratory council of the UMRi7266 LIENSs.

--14_ Elected member (secretary) of the CNRS-Centre Local d'Action Sociale (CLAS) of the UMRi7266 LIENSs. For each 'student', and when possible, the references of the corresponding projects, publications and communications in congresses are indicated (as listed and numbered below). For each collaboration, and when possible, the references of the corresponding funded projects, publications and communications in congresses are indicated (as listed and numbered below).

IV_ Scientific awards

V-1_ Post-doctorates

VI-1_ Collaborations inside of UMRi7266 LIENSs

VI-1-a_ On going # CLienss01_ Regulation of the primary production of benthic diatoms in intertidal flats: started 2008.

The project aims at understanding the spatial and temporal regulation of the photosynthetic activity and productivity of benthic diatoms that inhabit intertidal mudflats, especially as regards to their response to extreme changes of their environment (light, temperature and salinity) (P35, P36). It also includes 1) how the availability of the photosynthetically active biomass (PAB) of microphytobenthos (mainly composed of diatoms) is regulated by the complex coupling between the tidal cycle and the light environment (photoperiod, intensity and spectrum) (P05s), 2) how PAB supports the food-web of the intertidal mudflats, especially the link between the sediments and water-column functioning (P32), and 3) how PAB availability supports the migration behavior of the higher secondary consumers migratory shorebirds (P29). The project mainly focus on the intertidal mudflats of the Pertuischarentais (bay of Marennes-Oléron and bay of l'Aiguillon) but also includes other similar habitats on the Atlantic French coast (bay of Bourgneuf, 44). It is related to collaborations (described below) with the Universities of Nantes (CNat01) and Lille 1 (CNat02). This work, which is the core of my research in UMRi7266 LIENSs has been specifically funded by the French Research Foundation-ANR (VasiRéMi, coord. C. Dupuy) and the Région Poitou-Charentes. The purpose of this project is 1) to understand the biodiversity of the 'satellite' prokaryotic community (Bacteria and Archaea) that lives in the sediment with microphytobenthos as well as attached to benthic diatom cells, and 2) how bacteria and diatoms influence each other through biological interactions within the biofilm formed at the surface of sediment during emersion. Specifically, we have been studying how the sécrétome of Navicula phyllepta (the dominant species in the sediment of Marennes-Oléron bay) act positively or negatively on the biofilm formation of bacteria strains isolated from the same sediments (P03s). In parallel, the photosynthetic productivity of microphytobenthos was measured in situ at different seasons simultaneously to the determination of the functional diversity of prokaryotes in relation to the research project described above (CLienss01). These works were more specifically supported by EC2CO grants (RPPNat04 and RPPNat05). In parallel, the interaction between viruses (the third biological partner of the biofilm) and benthic diatoms, more specifically the impact of a viral infection on the photosynthetic activity of diatoms, was explored. The starting point of this project was to generate a transdisciplinary working group on the diversity of the ecosystem-related social and economic functions supported by benthic diatoms in intertidal mudflats and their evolution as regards to environmental changes in the framework of an innovative approach: the 'ecological solidarity' (P04s). After a two year work period successively supported by the CNRS (2013, research program ESERE 'Espace socio-économique du risque environnemental') and the University of La Rochelle (2014, research program 'Actions incitatives, projets structurants'), the working group was restrained to a main core of few people from different fields: biology, ecophysiology, ecology, geography, economy, history. The scientific framework was also reduced to the impact of the evolution of the shellfish usages on the spatial and temporal variations of the biomass and production of microphytobenthos in the bay of Marennes-Oléron. This project has been funded by the Fondation de France (research program 'Quels littoraux pour demain ?', RPLNat03f) for the next 3 years; I am responsible for the work-package 'Mapping of the biomass and production of microphytobenthos dynamics'. In addition to UMRi7266 LIENSs members it includes close collaborations with the Université de Montpellier (A. Rivaud), the Université de Poitiers (T. Sauzeau) as well as the Université de Nantes (see below CNat01). My oldest national collaboration covers several projects including CLienss01 and CLienss03 described above, and CEu04 (see below). The most recent core of this collaboration has been 1) to explore the functional response of the main growth forms of benthic diatoms towards their environment (P35, P36, P37), 2) to couple these data with spectroradiometry and fluorimetry approaches in order to extract primary production information from the spectroradiometry data (P31); this exploratory project has been especially funded by the EC2CO program (RPPNat03). The final purpose of this current project is to convert satellite image-based mudflat maps of the microphytobenthos biomass into production maps in order to offer a new tool for the management of intertidal flats (as proposed in CLienss03). Two main bodies of work in the framework of this collaboration: 1) the analysis of the in situ spatial and temporal regulation of the photosynthetic productivity of microphytobenthos, 2) the improvement of the fluorimetry methodology as used to assess the photosynthetic activity of benthic diatoms in situ. Both aspects are related to the project CLienss01 described above.

the light-response of Lhcx diatom mutants under a fluctuating light environment simulating in situ conditions. cycle). This was also the case for the co-authoring of an opinion review (P18r) as well as a chapter in a book about current phytoplankton pigment knowledge and methodologies and their applications in oceanography and marine ecology (P23bc). With the group of J. Serodio, we brought together complementary expertise in order to study the response of motile benthic diatoms to light and temperature stresses, and more specifically the fine inter-play between behavioral (motility) and physiological (photoprotection) responses in natural ex situ communities (microphytobenthic biofilm) (P17, P25, P37). Part of this work has been performed together with members of the Univeristy of Nantes/Le Mans (See above CNat01). The second significant output of our collaboration is the improvement and invention of different methodological approaches for studying the photosynthesis of benthic diatoms in situ as well as in the lab, namely: 1) the improvement of chlorophyll fluorimetry and especially the light-response curves and its derived photosynthetic and productivity parameters (P19bc), 2) a new mathematical modeling of photoprotection lightdependent kinetics (i.e. NPQ and the xanthophyll cycle) (P22), 3) the creation of an experimental light-system for the rapid generation of light response curves in the lab (P30). This work has been supported by diverse sources: CNRS, Campus France (PHC programs Pessoa and Alliance) and the Portuguese Research Foundation-FCT.

Main collaborators: J. Serodio, M. Laviale. Research projects : RPLInt05, RPLInt03, RPPInt05, RPPInt03 Publications : P17, P19bc, P22, P25, P30, P37. # CEu05_ Group of Protistology and Aquatic Ecology, University of Ghent, Ghent, Belgium.

This collaboration dealt with the functional (physiological and behavioral) response of the main growth forms of benthic diatoms towards their light environment (P35), it was performed together with some members of the Université de Nantes (see above CNat01). Our ongoing work focuses on the physiological light-response of representatives of the two main growth forms of benthic diatoms (motile and non-motile) at the molecular level, a level that is novel in benthic diatoms as compared to planktonic forms. The main program framework was a scientific exchange program supported by Campus France (i.e. PHC Tournesol).

Main collaborators: K. This brand new collaboration (it effectively started in Spring 2014) aims at evaluating the in situ production of macroalgae in order to explore the economic feasibility of macroalgal mariculture in Northern Norway fjords for food and feed production purposes. Although obviously not a 'diatom project', this research project relates to our efforts in improving the in situ chlorophyll fluorimetry methodology, as well as in deciphering production evaluation of algae from chlorophyll fluorescence measurements (see above described collaborations CNat01, CNat02 and CEu04). Additionally, my participation to this project was a way to come back to a more 'applied' research activity as I enthusiastically experienced during my Ph.D. work (cf project RPLInt01). Based on the success of our first collaborative work, a new project ('Prediction of seaweed production at future farming sites to minimize fail investments') is currently under review, it includes a post-doctorate position for A. Barnett (PhDL03,PD02 and E01). My oldest 'out of Europe' collaboration started with the visit of P. Juneau's lab in summer 2010 including my participation to a Ph.D. work dealing with photosynthetic alternative energy pathways (i.e. chlororespiration) in phytoplanktonic algae. This was unsuccessful mainly because of our experimental approach. From 2011 on, P. Juneau visited UMRi7266 LIENSS regularly based on CNRS, Université de La Rochelle and Région Poitou-Charentes fundings. We started to work on the physiological response of the main growth forms of benthic diatoms to light and salinity stresses (P36) in conjunction with above described collaboration CLienss01 and CNat01. During the last two years, we focused on the intracellular oxidative response of motile benthic diatoms to a coupled light-temperature stress (as a complement to the work recently published in P37). In that framework, a transfer of technology was promoted in the framework of a Ph.D. work-PhD05 (from UQAM to LIENSs: oxidative stress analysis in diatoms, from LIENSs to UQAM: photosynthetic protein immunodetection and analysis). This work is currently in preparation for publication. In parallel, we would be happy to go on with an ecotoxicology approach on microphytobenthos (i.e. effects of environmental micropollutants on the photosynthetic productivity; preliminary experiments in 2014).

VII_ Leadership of and participation to research projects

Since my hiring at the CNRS in UMRi7266 LIENSs in 2008, ~40% of my research has been funded by the CPER (Contrat Plan Etat Région) 'Littoral ' (263.35 K€ from 2009 to 2014 for lab equipment, lab functioning and post-doctorate salary complement to the DAAD grant, see below) and the CNRS (9.5 K€ grant in 2009 for lab equipment and 21.9 K€ for lab functioning during the following 5 years). The other grants (amounting to 402.9 K€) I led and participated to are listed below; information about the funding extent is given when considered useful only.

For each project, and when possible, the references of the corresponding publications and communications in congresses are indicated (as listed and numbered below). contain their own introductory parts that mix scientific as well as personal context, here I will only provide a broad overview of the scientific and methodological strategy I have been following.

VII-1_ Leadership

The biological properties of microalgal communities, and in particular their photosynthetic productivity, largely explain the structuring and the functioning of most, if not all, marine ecosystems and their food-webs. The assessment of the microalgal productivity is rendered difficult by the stochastiscity of environmental driving forces, and especially of light, which directly impact the photosynthetic process. Hence, in order to better understand the mechanistic of the relationship between microalgae and their environment, it is necessary to decipher the regulation of the cellular bioenergetics at the molecular level, and to take into account its functional diversity as well as its impact on the ecophysiology and ultimately on the ecology of communities in situ. This level of knowledge has become essential for, for instance, the reliable quantification and the realistic modeling of marine primary production and of its spatial and temporal dynamics, an information which helps to rationally manage the exploitation of marine biological resources with a strong social and economic impact. This is the context in which I performed my researches during the last 17 years, and because they are one of the most important group of microalgae, and by far the most productive one, I focused my researches on diatoms.

Doing so I tried to follow an approach centered on four main axes (Fig. 1) that corresponds to the four main parts of the following 'Synthesis of Research' section, namely:

1) Influence of light on diatom photosynthesis: intracellular and molecular physiological regulation; 2) Improvement of the methodology for lab and field measurement of diatom photosynthesis; 3) Ecophysiological response of diatom photosynthesis: lab experiments with a field perspective; 4) Regulation of diatom photosynthesis in intertidal mudflats: from the lab to the field. I feel this approach allowed me to build a both refined and global vision of the environmental regulation of the photosynthetic productivity of diatom communities, both planktonic and benthic. Of course, I could not always follow such approach. For instance during my Ph.D. work and first post-doctorate in Paris I mainly focused on axis n°1 with some first incursions in axis n°2 and n°3. During my second post-doctorate in Konstanz-Germany, I broaden my approach by, on one hand, more and more focusing on molecular and gene level physiological aspects (axis n°1), and, on the other hand, more and more evolving towards ecophysiology and especially the functional diversity of the diatom light-response (axis n°3), together with some on-going methodological work (axis n°2). It is only when I started my CNRS position in LIENSs-La Rochelle that I could fully integrate axis n°4 and I could play around with permanent back and forth exchanges between the 4 axes with some unforeseen applications in ecological modeling and transdisciplinary human-social science (Fig. 1). Indeed, thanks to my hiring in LIENSs I gained privileged access to a new habitat, the estuarine intertidal bare flats, that perfectly fit to the above approach for two main reasons: 1) intertidal flats belong to the most productive ecosystems on Earth, they play a central role in structuring the food-web of estuarine an coastal areas, most of their strong biological productivity owes to the photosynthetic activity of microphytobenthic (MPB) diatoms (at least in temperate areas), their productivity support essential social and economic activities (like shellfish farming); 2) they allow rather easy jumps between Å to km 2 spatial scales, i.e. from the molecular (photosynthetic genes, pigments and proteins), cellular (photosynthetic apparatus, plastid), population (mono-specific MPB diatom cultures), community (MPB diatom growth forms and surficial biofilm) to the intertidal flat in its whole complexity and vice versa (Fig. 2).

3-Ecophysiology

Light-response vs. On a methodological point of view, such approach implies to work on different biological materials and under different conditions, trying to maintain a maximum of links and complementarity (Fig. 3). For instance, field work and environmental monitoring allows i) to help us design ex situ suitable environmental conditions and environmental factor combinations, but also to back-up our lab data and confirm our static experimental controlled approach with the dynamic and complex in situ reality; ii) to sample and isolate new MPB diatom species which are later grown as mono-specific cultures for characterization under lab controlled conditions; iii) to harvest fresh sediment that contains active natural assemblages of several MPB diatom species able to form a biofilm at the surface of sediment, and to condition it in large plates or in multi-well plates for different measurement and sampling Although this methodological approach is supported by exponentially growing technical improvements (see the section 'Synthesis of Research, § II-3), there exist some defects. For instance, it was possible to isolate the large size motile MPB diatoms of the epipelon growth form (Pleurosigma sp. and Gyrosigma sp.) but it was impossible to grow them in sufficiently high biomass for a lab physiological approach. Although these species are generally not abundant, they often significantly participates to the global community biovolume. Hence, we cannot avoid to miss a may be important part of the functional diversity response with our mono-specific culturing approach (see the section 'Synthesis of Research, § III-2-a). Nevertheless, this is, at least partially, recovered by the work on natural epipelic communities (see the section 'Synthesis of Research, § III-2-b). On the other hand, while the ecophysiology of MPB diatoms of the epipsammon that live attached to the sediment particles is accessible thanks to the mono-specific culturing approach, work on the natural epipsammic community in sediment remains limited. This distinction is also true with environmental factors: while light and temperature can be easily controlled during experiments on mono-specific cultures and on sediment, it is difficult to control salinity in sediment (and the same would be true with nutrients).

Controlled conditions

Semi-controlled conditions

My hiring at LIENSs also inherently included an additional scientific challenge, i.e.

following the path of my predecessors (Gérard Blanchard, Jean-Marc Guarini and Pierre Richard) who published essential pieces of work in the 1990s and 2000s (see [START_REF] Blanchard | Analyse conceptuelle du système de production primaire microphytoenthique des vasières intertidales[END_REF][START_REF] Guarini | Modelling the dynamics of the microphytobenthic biomass and primary production in European intertidal mudflats[END_REF] for reviews) on the regulation and modeling of the dynamics of MPB diatom photosynthetic and biomass production in intertidal flats, and especially on the model bay of Marennes-Oléron. My task was thus to go on with, complete, deepen their work, but most importantly to do so in proposing a new point of view, a new way of challenging this very exciting field of research. Here and now, I have to confess I first decided not to be too much in contact with the 'Blanchard-Guarini-Richard' works, which was facilitated by the fact that when I started in January 2008, one was gone (Guarini), one was very soon called for university presidency duties (Blanchard), and the last one (Richard) was soon called for LIENSs direction duties. While not a lack of respect, this decision was based on the fact that I did not want to be influenced in any way by their ideas and hypotheses, even if (I could later recognize) fine and rather 'revolutionary'. I wanted to find my own way and to somehow reinvent their approach thinking that progressively, years after years, I could start to have a look on the 'Blanchard-Guarini-Richard' works, check if I was on the right track, check if I was getting close, check if I could somehow join my way to their way at some point. I feel like it actually happened, it became even more obvious when writing the 'Work in Progress' section of this manuscript. Therefore, it was nice (and a relief) to witness that the above approach helped me to, at least partially, successfully take up the challenge. where I mixed, by purpose, § I-and § II-(P19bc, P20bc), or § I-with § III-(P11r, P15r, P18r, P23bc, P34bc; list of publications and abstracts available in the CV, p43-47, and in Appendix 4 at the end of this manuscript), which further illustrates the transfer of knowledge from one compartment to another (see Fig. 1). I actually voluntarily detailed § I-as it has been a strong support for the other three research axes. Without this basis I could not have developed this array of complementary activities the way I did it, without this fundamental knowledge at the smallest scale (gene-molecule), I would not have been able to develop research at the community and even at the ecosystem scale. I would most probably not be so comfortable jumping from the lab to the field, from 'fundamental' to more 'applied-methodological' issues, especially when one work in a field where it is necessary, if not essential, that 'fundamental' as so much to gain from improved technics, when in situ work as so much to gain from community-scale approaches, and vice versa. Diatoms are a major group of eukaryotic microalgae that successfully adapted to most of all marine ecosystems [START_REF] Mock | Genomics and genetics of diatoms[END_REF], including the most extreme ones (i.e.

polar, [START_REF] Lyon | Polar microalgae: New approaches towards understanding adaptations to an extreme and changing environment[END_REF], by an evolutionary and ecological switch from a benthic to a planktonic way of life [START_REF] Kooistra | The origin and the evolution of the diatoms: Their adaptation to a planktonic existence[END_REF]. With > 10 5 species [START_REF] Kooistra | The origin and the evolution of the diatoms: Their adaptation to a planktonic existence[END_REF][START_REF] Mock | Genomics and genetics of diatoms[END_REF], they are among the most significant photosynthetic organisms on Earth.

They contribute to about 40% of the aquatic primary production making them essential for most planktonic and benthic marine food-webs, and as productive as rainforests [START_REF] Armbrust | The life of diatoms in the world's oceans[END_REF]. Their involvement in several biochemical cycles [START_REF] Sarthou | Growth physiology and fate of diatoms in the ocean: a review[END_REF][START_REF] Tréguer | The world ocean silica cycle[END_REF] and their unique biological, physiological and metabolic characteristics contribute significantly to shaping the functions of contemporary oceans [START_REF] Falkowski | The evolution of modern phytoplankton[END_REF][START_REF] Kooistra | The origin and the evolution of the diatoms: Their adaptation to a planktonic existence[END_REF][START_REF] Mock | Genomics and genetics of diatoms[END_REF]. Most of these characteristics are believed to originate from the chimeric nature of their genome [START_REF] Armbrust | The life of diatoms in the world's oceans[END_REF][START_REF] Tirichine | Decoding algal genomes: tracing back the history of photosynthesis life on Earth[END_REF]) that originates from their special evolutionary history, i.e. the succession of two endosymbiosis events [START_REF] Kooistra | The origin and the evolution of the diatoms: Their adaptation to a planktonic existence[END_REF][START_REF] Mock | Genomics and genetics of diatoms[END_REF]. Among the most amazing diatom features, are i) the best known of them, their ornamented silicate cell-wall [START_REF] Mock | Genomics and genetics of diatoms[END_REF]; ii) their ability to move, which is unique among the plant-kingdom [START_REF] Consalvey | The ups and downs of life in a benthic biofilm: migration of benthic diatoms[END_REF]; iii) their close association with bacteria in a characteristic 'phycosphere' [START_REF] Amin | Interactions between diatoms and bacteria[END_REF]; iv) their specific cell division cycle including a mix of plant and animal features (De [START_REF] Martino | Mitosis in diatoms: rediscovering an old model for cell division[END_REF][START_REF] Huysman | Molecular regulation of the diatom cell cycle[END_REF]; v) their innovative cross-talk between nucleus, mitochondria and plastids organelles [START_REF] Prihoda | Chloroplast-mitochondria crosstalk in diatoms[END_REF]; vi) their unorthodox metabolism [START_REF] Obata | The central carbon and energy metabolism of marine diatoms[END_REF] including a urea cycle which until recently was thought to be an exclusive animal attribute [START_REF] Fernie | Leveraging metabolomics for functional investigations in sequenced marine diatoms[END_REF]; vii) their pigment biosynthetic pathway which includes the unique blue pigment 'marennine' [START_REF] Gastineau | Marennine, promising blue pigments from a widespread Haslea diatom species complex[END_REF][START_REF] Lohr | Carotenoid metabolism in phytoplankton[END_REF]; and finally, and may be the most important for a photosynthetic organism, viii) a specific response to their light environment [START_REF] Depauw | Exploring the molecular basis of responses to light in marine diatoms[END_REF][START_REF] Wilhelm | Light acclimation in diatoms: From phenomenology to mechanisms[END_REF].

Indeed, as with microalgae, the photosynthetic productivity of diatoms strongly depends on the light climate [START_REF] Depauw | Exploring the molecular basis of responses to light in marine diatoms[END_REF][START_REF] Macintyre | The effect of water motion on short-term rates of photosynthesis by marine phytoplankton[END_REF]. Over long time scales (hours to seasons), light-acclimation processes are supported by gene regulation and protein synthesis which modifies the architecture of the photosynthetic apparatus as well as enzymatic reactions involved in photosynthesis and related metabolism [START_REF] Raven | Adaptation, acclimation and regulation in algal photosynthesis[END_REF][START_REF] Wilhelm | Light acclimation in diatoms: From phenomenology to mechanisms[END_REF]. Nevertheless, planktonic as well as benthic diatoms tend to dominate ecosystems (i.e. coasts and estuaries) where the light climate is characterized by fast (seconds to minutes) unpredictable high-frequency, large amplitude fluctuations in irradiance.

Depending on light attenuation through water, ice or sediment, on the rate of water mixing, on the tidal cycle, and on the daily/seasonal changes of solar irradiation, diatoms can be exposed to episodic or chronic excess light. Both unpredictable light intensity fluctuations and exposure to intensities excessive for the cell photosynthetic capacity can be harmful by promoting an imbalance between the harvesting of light energy and the use of the excitation energy by photochemical processes and carbon fixation. These stressful conditions can impair the photosynthetic efficiency and productivity (i.e. 'photoinhibition'), and ultimately growth.

Therefore the question arise how do diatoms adapted to remain competitive and thus maintain optimal photosynthetic productivity in such conditions ?

Inherently, the light-response of diatoms must be supported by at least one irradiancedependent process, which must be fast, flexible and efficient. In fact, diatoms have evolved several fast regulatory biological and physiological light-responsive processes which comprise a 'photoprotective network' (Fig. SR1). Diatoms may [START_REF] Consalvey | The ups and downs of life in a benthic biofilm: migration of benthic diatoms[END_REF][START_REF] Wilhelm | Light acclimation in diatoms: From phenomenology to mechanisms[END_REF]: 1) actively escape from excess light through motility, at least in benthic motile diatoms that inhabit the sediments of intertidal flats, 2) safely dissipate the excess of absorbed light energy, 2) balance the excess excitation energy within the photosynthetic apparatus and plastid, 3) scavenge reactive oxygen species (ROS) potentially generated by the excess excitation energy, 4) repair ROS damage to proteins, thus containing and countering net photodamage to the photosynthetic and plastid machinery. In diatoms, one of these regulatory processes that pertains to category n°2, and which is believed to be essential, is the fast (i.e. seconds-scale timing) development of a thermal dissipation of excess energy that can be detected thanks to a non-photochemical quenching of chlorophyll a (Chl a) fluorescence (NPQ) and the related 'xanthophyll cycle' (XC) (Demmig-Adams et al., 2014). The diatom NPQ-XC has been the main topic of my research. Probably one of the most exciting challenges during the last 17 years had been to make this part of my research evolves mainly through the genomic revolution the diatom research field is going through (especially during the last 10 years) and thanks to the new physiological approaches brought by the post-genome era. Indeed, when I started to work on the regulation of the NPQ-XC, there was no diatom genome available and the gene manipulation was only starting thanks to pioneers like Peter Kroth, Kirk Apt and Arthur

Grossman in the USA [START_REF] Apt | Stable nuclear transformation of the diatom Phaeodactylum tricornutum[END_REF], and Chris Bowler and Angela Falciatore in Europe [START_REF] Falciatore | Transformation of nonselectable reporter genes in marine diatoms[END_REF]. In that framework, P. tricornutum was, and remain, a central model for studying NPQ-XC, diatom photosynthesis regulation and to a larger extent the diatom physiology. Furthermore, pieces of work deciphering diatom NPQ-XC were relatively scarce at that time [START_REF] Arsalane | Influence of the pool size of the xanthophyll cycle on the effects of light stress in a diatom: Competition between photoprotection and photoinhibition[END_REF][START_REF] Brunet | In situ variations of the xanthophylls diatoxanthin and diadinoxanthin: photoadaptation and relationships with a hydrodynamical system in the eastern English Channel[END_REF][START_REF] Caron | Chlorophyll fluorescence transients from the diatom Phaeodactylum tricornutum-relative rates of cyclic phosphorylation andchlororespiration[END_REF][START_REF] Casper-Lindley | Fluorescence quenching in four unicellular algae with different lightharvesting and xanthophyll-cycle pigments[END_REF][START_REF] Demers | Rapid light-induced changes in cell fluorescence and in xanthophyll-cycle pigments of Alexandrium excavatum (Dynophyceae) and Thalassiosira pseudonana (Bacillariophyceae): a photo-protection mechanism[END_REF][START_REF] Frank | The lifetimes and energies of the first excited singlet states of diadinoxanthin and diatoxanthin: the role of these molecules in excess energy dissipation in algae[END_REF][START_REF] Gallagher | Ecotypic differentiation in the marine diatom Skeletonema costatum: influence of the light intensity on the photosynthetic apparatus[END_REF][START_REF] Lohr | Pigment synthesis and xanthophyll cycle in diatoms under high light stress and during low light recovery[END_REF]Olaizola et al., 1994;[START_REF] Olaizola | Short-term response of the diadinoxanthin cycle and fluorescence yield to high irradiance in Chaetoceros muelleri (Bacillariophyceae)[END_REF][START_REF] Owens | Light-harvesting function in the diatom Phaeodactylum tricornutum II. Distribution of excitation energy between the photosystems[END_REF][START_REF] Sakshaug | Thalassiosira oceanica and T. pseudonana: two different photoadaptational responses[END_REF][START_REF] Ting | Photochemical and non-photochemical fluorescence quenching processes in the diatom Phaeodactylum tricornutum[END_REF][START_REF] Willemoës | Relationship between growth irradiance and the xanthophyll cycle pool in the diatom Nitzschia palea[END_REF] although quite a lot was already known on diatom LHC antenna [START_REF] Apt | The gene family encoding the fucoxanthin chlorophyll proteins from the brown alga Macrocystis pyrifera[END_REF][START_REF] Eppard | The genes encoding light-harvesting subunits of Cyclotella cryptica (Bacillariophyceae) constitute a complex and heterogenous family[END_REF][START_REF] Pyszniac | Immunocytochemical localization of photosystem I and the fucoxanthinchlorophyll a/c light-harvesting complex in the diatom Phaeodactylum tricornutum[END_REF][START_REF] Wilhelm | The biochemistry and physiology of light-harvesting processes in chlorophyll b-and chlorophyll c-containing algae[END_REF] and light-acclimation in general [START_REF] Falkowski | Acclimation to spectral irradiance in algae[END_REF][START_REF] Falkowski | Aquatic Photosynthesis[END_REF]. Therefore, compared to land plants for which NPQ-XC and Light-Harvesting Complex (LHC) research were much more advanced, it was rather 'exotic' (and risky) to focus on such topic in diatoms and microalgae other than greens, in general. Since then, NPQ-XC and to a larger extent, the light response of diatoms turned out to be of major concern, based on i) the obvious importance of light in the regulation of the diatom photosynthetic productivity, and ii) its crucial differences with other microalgal groups and cyanobacteria most likely at the basis of diatom ecological success in our contemporary oceans [START_REF] Armbrust | The life of diatoms in the world's oceans[END_REF]. While nowadays it appears very obvious and logic,

and particularly now we have started to better understand the whole diatom metabolism at the gene level and its implication in the ecophysiology and ecology of diatoms [START_REF] Fernie | Leveraging metabolomics for functional investigations in sequenced marine diatoms[END_REF][START_REF] Obata | The central carbon and energy metabolism of marine diatoms[END_REF][START_REF] Prihoda | Chloroplast-mitochondria crosstalk in diatoms[END_REF], it was, at that time, not the case. And often I had to convince marine biologists and oceanographers that 'no, it's not all about nutrient availability, light is as important if not more, without light there is no photosynthesis and there is no life'. I believe I participated, at least a bit, to the democratization of such obvious fact among the marine scientific community together with essential fine physiological works by: 1) the group of Christian Wilhelm including Reimund Goss and Torsten Jakob at the University of Leipzig in Germany (recently reviewed in [START_REF] Wilhelm | Light acclimation in diatoms: From phenomenology to mechanisms[END_REF], 2) Angela Falciatore and collaborators (recently reviewed in [START_REF] Depauw | Exploring the molecular basis of responses to light in marine diatoms[END_REF], 3) Claudia Büchel

(recently reviewed in [START_REF] Büchel | Fucoxanthin-chlorophyll-proteins and non-photochemical fluorescence quenching of diatoms[END_REF], 4) and more recent pieces of works that highlight the fine and complex regulations of the diatom light-response at the molecular level [START_REF] Nymark | An integrated analysis of molecular acclimation to high light in the marine diatom Phaeodactylum tricornutum[END_REF][START_REF] Nymark | Molecular and photosynthetic responses to prolonged darkness and subsequent acclimation to re-illumination in the diatom Phaeodactylum tricornutum[END_REF][START_REF] Valle | System responses to equal doses of photosynthetically usable radiation of blue, green, and red light in the marine diatom Phaeodactylum tricornutum[END_REF]. While this list is obviously not complete, these have been my main first and more recent influences to find a research niche and push it to unknown territories with the permanent concern of differentiating from and completing the work simultaneously performed by the above cited research groups.

In parallel to NPQ-XC (see § I-1), I got interested in another physiological lightresponsive process, the PSII cyclic electron transfer (PSII CET, see § I-2). As said above, not so much was known about NPQ in diatoms and the commonly accepted knowledge was that the diatom NPQ was very similar to the one in green photosynthetic organisms except that the evidence that it exists in diatoms [START_REF] Owens | Light-harvesting function in the diatom Phaeodactylum tricornutum II. Distribution of excitation energy between the photosystems[END_REF]. The origin and mechanism of qI, the sustained so-called 'photoinhibitory' quenching, remains unclear, although it is clear that xanthophyll pigments are involved [START_REF] Demmig-Adams | Photoprotection in an ecological context: the remarkable complexity of thermal energy dissipation[END_REF]. In diatoms, NPQ is mainly composed of qE, the pH-or energy-dependent quenching, and for the sake of simplicity, in this manuscript, NPQ refers to qE. The diatom NPQ-qE is controlled by three components: 1) the light-dependent build-up of the transthylakoidal protons (H + ) gradient (ΔpH); 2) the reversible ΔpH-dependent de-epoxidation of diadinoxanthin (DD) to diatoxanthin (DT), so-called the XC (Fig. SR2), and driven by the DD de-epoxidase (DDE) [START_REF] Goss | Regulation and function of xanthophyll cycle-dependent photoprotection in algae Photosynth[END_REF]; 3) the presence of specific polypeptides of the LHC antenna called Lhcx which, although they are located in the plastid, are encoded by the nucleus genome [START_REF] Depauw | Exploring the molecular basis of responses to light in marine diatoms[END_REF]. For further details, please refer to the recent book by Demmig-Adams The main strategy I have followed to better understand how the regulatory partners of NPQ work together and how NPQ is regulated as a function of diverse light exposures/regimes was to compare cells of P. tricornutum with low or high NPQ ability (Fig. SR3). These 'low NPQ' and 'high NPQ' cells were obtained via three ways that are summarized in Table SR1: 1) acclimation to different light regimes over several generations;

2) use of chemicals and specific inhibitors of the activity of the main NPQ regulatory partners, i.e. the build-up of the ΔpH, the synthesis of DD-DT, and of Lhcx proteins; 3) use of genetic manipulation to specifically decrease or increase the synthesis and/or activity of the same NPQ regulatory partners. And as said above, we have used naturally low and high NPQ strains of P. tricornutum which was a 4 th way that was as well essential for my ecophysiological approaches (see § III-1). Obviously, the genetic manipulation was possible only after the sequencing and annotation of the first two diatom genomes (Thalassiosira pseudonana and P. tricornutum, [START_REF] Vardi | Diatom genomes come of age[END_REF], that were already available in 2004 when -'Intermittent L' (IL)

(5 min L:55 min D). -Moderate high L, High L intensity (ML, HL)

Chemicals § I-1-a, § I-1-b, § I-1-b 'W. in Pr.' P02, P06, P12, P26, P27, P38, P02s -NH4Cl = ↓ ΔpH + ↓ DES-DT + ↓ Δ522.
-DTT = ↓ DES-DT + ↓ Δ522.

-DCMU = ↓ ΔpH + ↓ DES-DT.

-CHX = ↓ lhcx and Lhcx.

-Lincomycin = effect ?

-DCCD = ↑ ΔpH + ↑ DES-DT.

-Ascorbate = ↑ DES-DT.

-DBMIB = ↑ DD-DT de novo, ↑ lhcx.

Genetics § I-1-b, § I-1-a 'W. in Pr.' P16, P24, P02s
-psbA QB pocket mutation = ↓ ΔpH.

-dde silencing = ↓ DES-DT.

-lhcx1 silencing.

-dde over-expression = ↑ DES-DT.

-lhcx1 OE.

≠ growth forms, strains, species. § III-1, § III-2-a P05, P14, P26, P35, P38, see also [START_REF] Bailleul | An atypical member of the light-harvesting complex stress-related protein family modulates diatom responses to light[END_REF] -P. tricornutum strain 4 (P.t.4) -for other strains see § III-1, § III-2-a.

-P. tricornutum strain 2 ( P.t.2).

-for other strains see § III-1, § III-2-a. SR1. My chronological study of NPQ-qE, and the synthesis of the means used to artificially or 'naturally' obtain 'low NPQ' and 'high NPQ' cells of P. tricornutum. Chemicals: CHX, cycloheximide; DBMIB, 5-dibromo-6-isopropyl-3-methyl-1,4-benzoquinone; DCMU (diuron), 3-(3,4-dichlorophenyl)-1,1-dimethylurea; DTT, dithiothreitol; NH4Cl, ammonium chloride. Genes: dde, encoding for the DD de-epoxidase; lhcx, encoding for the light-harvesting complex protein 'x'; psbA, encoding for the D1 protein of the photosystem II. Other abbreviations: DD, diadinoxanthin; DES, DD de-epoxidation state; DT, diatoxanthin; LHC, light-harvesting complex; QB, quinone B; ΔpH, transthylakoidal proton gradient; Δ522 nm, absorption change at 522 nm, Δ522 nm is a spectroscopic fingerprint that provides information on the engagement of DT in energy dissipation (P06, P26), i.e. its effective involvement in NPQ ↓; decrease ; ↑ increase.

Fig. SR3 (above) and Table

I-1-a_ NPQ-qE in the pre-genomic era and beyond

The very first approach I followed has been to produce P. tricornutum cells enriched in DD-DT (P01). This was reached by acclimating the cells to a special 'intermittent light regime' (IL): same light intensity as for the 'usual' growth conditions ('continuous light'-CL: 50 µmol photons m -2 s -1 , 16 h Light : 8 h Dark) but only 5 min of light per hour. Thanks to these conditions, we slowed down the growth of the cells, which started to accumulate DD-DT, a process previously reported, and we were lucky enough our 'IL cells' showed the same general photosynthetic architecture and properties (P01). That way, we produced some kind of 'natural high NPQ cells' (NPQmax reached values of 10-12) based on 2-3x higher DD pool size in whole cells (P01) and in isolated LHC antenna system (P03), and subsequent 2-3x higher DT synthesis (P02) and NPQ (P01) during light exposure. These cells, compared to the CL cells, and sometimes in combination with the use of chemicals/inhibitors (see Table SR1 above), were used in a series of papers that can be assembled in two pairs: P01-P06 and P02-P12 with P26 wrapping up together the findings of these papers and comparing the situation 

___The tight link between the transthylakoidal ΔpH, the synthesis of DT and NPQ-qE

Probably the main essential findings are the demonstration that 1) DT is mandatory for NPQ as illustrated by the tight NPQ vs. DT relationship (P01) (Fig. SR4A), 2) the build-up of the transthylakoidal H + gradient (ΔpH) plays a dual role in the NPQ vs. DT relationship: i) direct involvement in NPQ via protonation of FCP (Fucoxanthin Chlorohyll-binding Proteins)

binding site, and ii) indirect via DT synthesis (P02-P12), as known from the NPQ-qE process in green plants [START_REF] Ruban | The photoprotective molecular switch in the photosystem II antenna[END_REF]. Indeed, in diatoms, DDE is already activated with a low ΔpH (i.e. a low acidification of the lumen) [START_REF] Jakob | Unusual pH-dependence of diadinoxanthin de-epoxidase activation causes chlororespiratory induced accumulation of diatoxanthin in the diatom Phaeodactylum tricornutum[END_REF]) so that it is virtually impossible to distinguish the dual role of the ΔpH in NPQ. This was one of the challenges of this series of works to disconnect the ΔpH, DT and NPQ link. This tight link was deciphered by manipulating the NPQ vs. DT relationship by specific light treatments coupled with chemical treatments (see also Table SR1 above We could also identify a sustained part of NPQ in diatoms (P02, P06), later called 'dark NPQ' (reviewed in P19bc), an additional essential feature that differentiate diatom NPQ from green plants NPQ. After excess light exposure and during subsequent recovery, there is a parallel dark relaxation of NPQ and DT back-conversion to DD that can be more or less sustained (P02, P06, P26) as a function of i) the amplitude of NPQ during the preceding light exposure, ii) the dark vs. low light, and thus absence or presence of a ΔpH, respectively. This peculiar feature of the diatom NPQ shows that NPQ can be in a 'locked' mode in the absence of ΔpH but in the presence of remaining DT molecules (P06). This raises the 4 th major point of the above list: NPQ can be modulated to a certain extent by DT in the absence of a ΔpH, once DT had been synthesized in the presence of a ΔpH (at light). This feature is very different from green plants were NPQ-qE is promptly relaxed after illumination together with the ΔpH relaxation independent of the zeaxanthin presence or light conditions (dark or low light) [START_REF] Jahns | The role of the xanthophyll cycle and of lutein in photoprotection of photosystem II[END_REF][START_REF] Ruban | The photoprotective molecular switch in the photosystem II antenna[END_REF]. This observation was later deepened and explained by [START_REF] Goss | The importance of a highly active and delta-pH-regulated diatoxanthin epoxidase for the regulation of the PS II antenna function in diadinoxanthin cycle containing algae[END_REF]; it is further described in details here in § I-1-c below.

Additionally, we found two new spectroscopic fingerprints (which involvement in the NPQ process is further detailed in § I-1-c), by comparison with NPQ-qE mechanism in green plants, they allowed us to precise and to complete the preceding findings:

1) an absorption change at 522 nm, Δ522 nm (P06), similar to the Δ525-Δ535 nm in green plants [START_REF] Jahns | The role of the xanthophyll cycle and of lutein in photoprotection of photosystem II[END_REF][START_REF] Ruban | The photoprotective molecular switch in the photosystem II antenna[END_REF]. Δ522 nm illustrates the entering of DT in an 'activated' state, i.e. its effective engagement as an allosteric regulator of a conformational change in the LHC antenna, a crucial step in the NPQ process. The conformational change is believed to be an aggregation of part of the LHC antenna generated by the above mentioned protonation of FCP binding sites. The finding that NH4Cl and DTT inhibits Δ522 nm confirms this view (Fig. SR5,P26). Δ522 nm thus provides a very useful tool to measure the efficiency of DT in the NPQ process. The exponential pattern of the NPQ vs. Δ522 nm relationship (Fig. SR5) illustrates an essential feature of the diatom NPQ regulation: above a certain value, NPQ increases much faster than the Δ522 nm fingerprint, i.e. the increase of DT 'activation' cannot fully account for the huge increase of NPQ, especially in 'high NPQ' cells. Hence, there is another partner amplifying the dissipative process in the LHC antenna system.

2) a Chl a fluorescence emission band around 710-712 nm, Chl a710-712 (P26). It illustrates the amplification of the part of NPQ that directly relies on DT (i.e. Δ522 nm). Its amplitude is increased together with the pool size of DD-DT and NPQ capacity (Fig. SR5).

Chl a710-712 arises from an aggregated oligomeric FCP functionally disconnected from the PS II core during excess light exposure [START_REF] Miloslavina | Ultrafast fluorescence study on the location and mechanism of non-photochemical quenching in diatoms[END_REF] to serve as an energy sink [START_REF] Lepetit | Molecular dynamics of the diatom thylakoid membrane under different light conditions[END_REF]. 

___The partitioning between photoprotection and photochemistry

We additionally explored the relationship between photochemistry and NPQ in 'low NPQ' and 'high NPQ cells' and in comparison to green plants (P06; for a further deep comparison between diatom and green photosynthetic organisms photosynthesis, see P11r). In Arabidopsis thaliana leaves, NPQ develops linearly with the progressive PSII reduction (decrease in potential for photochemistry, qP) with increasing irradiance and thus strictly follows changes in the PSII redox state (Fig. SR6).

In P. tricornutum, NPQ starts to develop exponentially only after ~50% of PSII are reduced (qP or 1-qP ~ 0.5; Fig. SR6). This NPQ (or qN) vs. qP (or 1-qP) relationship was later refined (P14; see also § I-2, Fig. SR22 it is ~30% higher in 'high NPQ' cells), and consequently the PSII photoinactivation observed under excess light exposure is directly related to the NPQ amplitude: higher NPQ means lower PSII photoinactivation (P01, P14) (Fig. SR7). More precisely, under excess light exposure, we could identify a rapid phase of PSII photoinactivation that usually lasts ~5 min (Fig. SR7B). The amplitude of this phase can be accentuated and/or its duration can be prolonged to ~15 min in cells with a lower NPQ and/or PSII CET capacity (P05 and see § III-1). It was especially the case in psbA P. tricornutum mutants with impaired ETR (see § I-1-b below). This combination of NPQ and PSII CET related to EK obviously provides P.

tricornutum with a highly flexible and fine partitioning of photochemistry vs. photoprotection (note that this feature is not common to all diatom strains, see § III-1). Although one should not underestimate the inspiring and pioneer works [START_REF] Arsalane | Influence of the pool size of the xanthophyll cycle on the effects of light stress in a diatom: Competition between photoprotection and photoinhibition[END_REF]Olaizola et al., 1994;[START_REF] Olaizola | Short-term response of the diadinoxanthin cycle and fluorescence yield to high irradiance in Chaetoceros muelleri (Bacillariophyceae)[END_REF], to my knowledge, at that time, this was the first complete demonstration of a direct link between NPQ, DD-DT, excitation energy dissipation and photoinactivation in diatoms (P01). NPQ close relationship to EK was also confirmed and refined in P.t.2 cells acclimated for several generations to low, medium and high light intensities, 50 (LL), 500 (ML) and 1000

(HL) µmol photons m -2 s -1 , respectively (P14 and unpublished data) (Fig. SR8). It is striking to see how the onset of NPQ seems to correspond to the maximal value of EK range and its half-saturation (E50NPQ) is close to Emax, the light intensity for which the maximal electron transport rate-ETRmax (or Pmax) is reached (Table SR2, see also § II-2-b and P22). These results illustrate the tight link between short-term (fast photoprotection) and long-term (photoacclimation) light response. NPQ extent and kinetics directly depend on the light history of the cells. In higher light-acclimated cells, i) the acclimation of the whole photosynthetic apparatus (cell Chl a content-Fig. SR9 below, PSII number, Emax, etc., see also P23bc) switch the threshold for stressful excess light towards higher intensities (i.e. simultaneous higher EK, E for NPQ onset and E50NPQ), ii) in parallel, when this threshold is crossed, NPQ is stronger. Similar as observed in IL-'high NPQ' cells compared to CL-'low NPQ' cells, NPQ is higher in HL cells compared to ML and LL cells. This is based on a higher DD pool size (x4 between LL and HL cells) and subsequent synthesis of DT under excess light exposure.

___The DD-DT synthesis and their localization in the diatom LHC system

Because I was interested in deciphering the NPQ process, its kinetics and regulation, the synthesis of DD-DT necessarily fell into my area of interest. The above described results focus on the involvement of DT in the NPQ development, and the NPQ vs. DT relationship turned out to be an essential tool in that framework (see also § III-1). In parallel, I also progressively accumulated complementary knowledge on DD and DT synthesis over a broad range of illuminations and light climate (varying intensity and duration) and in cells with very different light history (CL vs. IL, LL vs. ML vs. HL) (Fig. SR9, SR10 below).

We could reveal that the increase of the DD-DT pool size in HL-acclimated cells is totally independent from other pigments (Fig. SR9A). The DD-DT increase follows a 4 step process: 1) doubling of the pool size after 4 h; 2) slower increase until the 24 th hour corresponding to the end of the decrease of Chl a cell -1 , at that time the pool size is 3x times its initial value; 3) stagnation; 4) further increase when the cells enter the stationary phase of growth (see also [START_REF] Arsalane | Influence of the pool size of the xanthophyll cycle on the effects of light stress in a diatom: Competition between photoprotection and photoinhibition[END_REF]. When one focuses on the first hour of exposure to an excess light (P05), the pattern is different and follows two main phases (Fig. SR9B):

1) synthesis of DT from DD de-epoxidation via DD de-epoxidase activity with no change in the pool size of DD-DT, as described above, this reaction is sensitive to DTT. The amplitude of the DD de-epoxidation state (DES) is about 50-60% in vivo (P05) to up to 80% in vitro (i.e. in low pH stimulated plastids, P06) but note that it can be different from a diatom strain to another (see § III-1-a for further details). The DES enzymatic rate and amplitude directly depend on the light intensity (P05) and on the initial DD-DT pool size (P26), i.e. the higher the amount of the DD substrate, the stronger its de-epoxidation into DT, this is true when comparing CL and IL cells (P02) as well as LL-ML-HL cells (unpublished).

Nevertheless, the NPQ vs. DT relationship can be absolutely different from the 1:1 relationship described above (Fig. SR10) and as also reported afterwards [START_REF] Schumann | Investigation of the quenching efficiency of diatoxanthin in cells of Phaeodactylum tricornutum (Bacillariophyceae) with different pool sizes of xanthophyll cycle pigments[END_REF][START_REF] Lepetit | Evidence for the existence of one antenna-associated, lipid-dissolved and two protein-bound pools of diadinoxanthin cycle pigments in diatoms[END_REF]. For instance, in ML and HL cells, the NPQ vs. DT 1:1 relationship decreases to ~0.4:1, i.e. more total DT molecules are necessary to reach the same amplitude of NPQ, pointing out to different localization of DT in the photosynthetic apparatus, i.e. not bound to the PSII LHC antenna.

2) additional synthesis of DT (i.e. 'de novo DT synthesis') that is insensitive to DTT with a parallel increase in DD-DT, this is the starting of the above mentioned doubling of DD-DT pool size within the first hours of excess light exposure. The de novo DT synthesis has been reported at that time [START_REF] Olaizola | Short-term response of the diadinoxanthin cycle and fluorescence yield to high irradiance in Chaetoceros muelleri (Bacillariophyceae)[END_REF]), but we further described its main characteristics (P05, P26): i) its onset timing depends on light intensity (the higher, the earlier), for instance in P. tricornutum it starts after 30 min exposure at 2000 µmol photons m - 2 s -1 with a rate of about 0.5 mmol DT mol Chl a -1 s -1 that is divided by 2 when decreasing light intensity to 450 µmol photons m -2 s -1 (note that such characteristics are different among diatom strains, see § III-1 for further details). The DT de novo synthesis can account for additional NPQ or not. In the first case the NPQ vs. DT relationship remains linear whatever the light conditions (in CL and IL cells for instance, see Fig. SR4 above). In the second case, the NPQ vs. DT relationship shows a breaking point when DT de novo synthesis starts (in ML and HL cells for instance, see Fig. SR10), i.e. the additional DT molecules have no/low effect on NPQ. These differences can be explain only by the differential localization of different pools of DT (and DD) molecules in the LHC antenna system (see below). 

strain, 'low NPQ' cells) cells acclimated to increasing irradiances:

from LL-low light (50 µmol photons m -2 s -1 ) to ML-moderate high light (500 µmol photons m -2 s -1 ) to HL-high light (1000 µmol photons m -2 s -1 ), respectively. Unpublished data.

In that framework, and because their photosynthetic architecture are similar (in contrast to LL/ML/HL cells), 'low NPQ' and' high NPQ' cells were used to locate the FCP fraction of the LHC system responsible for binding DD-DT and thus being the NPQ locus (P04, P09). Thanks to solubilization of FCP complexes and proteins with a mild-detergent (ndodecyl-α, D-maltoside) treatment of the plastids followed by first separation on densitysucrose gradients and second separation on gel filtration column (FPLC) after second detergent treatment with n-dodecyl-β, D-maltoside, we could isolate an oligomeric 'major FCP' complex (LHCo, P03) including an enriched DD-DT sub-fraction (LHCo-2, P05) in a native state (Fig. SR11A to C). By comparing CL and IL cells, we could identify three NPQ locus with refined FCP isolation approaches [START_REF] Lepetit | Spectroscopic and molecular characterization of the oligomeric antenna of the diatom Phaeodactylum tricornutum[END_REF][START_REF] Lepetit | Evidence for the existence of one antenna-associated, lipid-dissolved and two protein-bound pools of diadinoxanthin cycle pigments in diatoms[END_REF].

In parallel, C. Büchel did the same on the centric diatom Cyclotella meneghiniana [START_REF] Büchel | Fucoxanthin-chlorophyll proteins in diatoms: 18 and 19 kDa subunits assemble into different oligomeric states[END_REF] (see also our review P11r) and also on P. tricornutum [START_REF] Gundermann | Identification of several sub-populations in the pool of light harvesting proteins in the pennate diatom Phaeodactylum tricornutum[END_REF] with very much success including fine spectroscopic analysis among which Raman approach [START_REF] Büchel | Fucoxanthin-chlorophyll-proteins and non-photochemical fluorescence quenching of diatoms[END_REF][START_REF] Chukhutsina | Disentangling two non-photochemical quenching processes in Cyclotella meneghiniana by spectrally-resolved picosecond fluorescence at 77 K[END_REF].

Based on these data, the ones described above, and essential works by others [START_REF] Lepetit | Evidence for the existence of one antenna-associated, lipid-dissolved and two protein-bound pools of diadinoxanthin cycle pigments in diatoms[END_REF][START_REF] Gundermann | Factors determining the fluorescence yield of fucoxanthin-chlorophyll complexes (FCP) involved in non-photochemical quenching in diatoms[END_REF], we recently proposed a synthesis of the different localizations of DD-DT molecules and how this is important for NPQ (P26). Indeed, we believe that DD-DT molecules are distributed among 4 pools that show a spatial and functional heterogeneity. It is believed that DT can be: 1) free in the lipid matrix where it can scavenge reactive oxygen species (ROS) and prevent lipid peroxidation [START_REF] Lepetit | Evidence for the existence of one antenna-associated, lipid-dissolved and two protein-bound pools of diadinoxanthin cycle pigments in diatoms[END_REF],

2) in the lipid matrix in close vicinity to the PSII LHC antenna, 3) bound to the LHC antenna system for the harvesting of light, 4) bound to specific FCP trimers where they participate to NPQ (see § I-1-c below). Such distribution to different pools with different functional roles was also recently demonstrated in green plants [START_REF] Peguero-Pina | Three pools of zeaxanthin in Quercus coccifera leaves during light transitions with different roles in rapidly reversible photoprotective energy dissipation and photoprotection[END_REF]. As described above and elsewhere [START_REF] Schumann | Investigation of the quenching efficiency of diatoxanthin in cells of Phaeodactylum tricornutum (Bacillariophyceae) with different pool sizes of xanthophyll cycle pigments[END_REF][START_REF] Grouneva | A new multi-component NPQ mechanism in the diatom Cyclotella meneghiniana[END_REF] a change of balance between these pools can occur during light acclimation (and among diatom strains, see § III-1-a). It was proposed that enzymes similar to DDE (also called VDE, V for violaxanthin), namely VDLs and VDRs (for 'violaxanthin de-epoxidase-like' and 'VD-related', Coesel et al.

(2008) could be responsible for the de-epoxidation of the DD pools that are not LHC bound and/or for the de novo synthesis of DT. This is supported by the increase in the transcript level of vdl2, vdr1 and vdr2 under HL exposure [START_REF] Nymark | An integrated analysis of molecular acclimation to high light in the marine diatom Phaeodactylum tricornutum[END_REF]. Additional information on the hypothetic functional role of VDL and VDR was gained from the generation and characterization of dde-vde transformants (see below). (2012) and R. Goss [START_REF] Goss | Regulation and function of xanthophyll cycle-dependent photoprotection in algae Photosynth[END_REF][START_REF] Wilhelm | Light acclimation in diatoms: From phenomenology to mechanisms[END_REF][START_REF] Goss | Biodiversity of NPQ[END_REF] (Univ. Leipzig, Germany) including two reviews I had the chance to co-write with them (P11r and P34bc).

Part of this work (P06 and P26) owes to the essential input of i) Alexander Ruban, University of Sheffield (now at the Queen Mary University of London, UK); ii) Bernard Lepetit, my former post-doctorate, and now post-doctorate at the University of Konstanz, Germany.

I-1-b_ NPQ-qE in the post-genomic era

As said before, I could profit from my post-doctorate stay at the University of Konstanz-Germany to complete the above research strategy and go on deciphering the diatom NPQ mechanism. This new approach followed two main paths:

1) the exploration of the transcription level of light-responsive genes encoding for known (Lhcx, P27) and potential (P28) regulatory candidates of NPQ and/or of the response to HL stress in general. The second drove us to the discovery of a new family of LHC proteins, the RedCAP ('red lineage chlorophyll a/b-binding-like') only found in the red algal lineage photosynthetic groups with primary plastid (red algae) and secondary endosymbiosis plastids of red algal origin (heterokontophytes including diatoms, cryptophytes and haptophytes).

2) the production of 'NPQ mutants/transformants' in order to refine our chemical/inhibitor approach ( § I-1-a). Here, I will not detail and discuss the different strategies that were used to produce these mutants/transformants (see P16 and P24 instead). We produced three types of mutants/transformants corresponding to the three major regulatory partners of NPQ: i) psbA (PSII D1 protein) mutants that show differential ETR and consequently ΔpH (P16 and P02s),

ii) dde-vde (DD de-epoxidase) transformants that show lower or higher DT synthesis (P24 and unpublished data), iii) lhcx (Lhcx protein) transformants (unpublished data, see the section 'Work in Progress', § I-1-a).

___Expression pattern of light-responsive genes and proteins # lhcx genes and Lhcx proteins Because in P. tricornutum, the light response of lhcx genes and Lhcx proteins was surprisingly scarce and incomplete [START_REF] Nymark | An integrated analysis of molecular acclimation to high light in the marine diatom Phaeodactylum tricornutum[END_REF][START_REF] Bailleul | An atypical member of the light-harvesting complex stress-related protein family modulates diatom responses to light[END_REF] in comparison to other species [START_REF] Zhu | Photoprotection in the diatom Thalassiosira pseudonana: Role of LI818-like proteins in response to high light stress[END_REF], we assessed their respective transcript levels and synthesis under a variety of light regimes and intensities (Fig. SR12A to E, and Fig. SR12F, P27 and unpublished data). These patterns have been since completed with prolonged darkness to LL shift and white light to blue/green/red light shifts studies [START_REF] Nymark | Molecular and photosynthetic responses to prolonged darkness and subsequent acclimation to re-illumination in the diatom Phaeodactylum tricornutum[END_REF][START_REF] Valle | System responses to equal doses of photosynthetically usable radiation of blue, green, and red light in the marine diatom Phaeodactylum tricornutum[END_REF] with no additional major findings.

To summarize our most relevant findings (Fig. SR12, P27): i) only lhcx1 shows a circadian rhythm of its transcript level as illustrated by a dark up-regulation at the usual time of light onset and even before (i.e. 8 a.m., panel A, compare LL and Dark conditions); this rhythm is true for LL and moderate HL (mHL, equivalent to ML in above § I-1-a) conditions, although the accumulation of transcripts is not sustained under LL (panels B and C); ii) lhcx2 and lhcx3 respond in a similar way as lhcx1 to daily LL and mHL although to a lower extent;

iii) lhcx4 is the only one up-regulated under prolonged darkness in a sustainably manner and its transcript level does not respond to light (panels D and E); iv) during a 2h HL stress exposure, the 3 light-responsive genes are rapidly and sustainably up-regulated in that order lhcx3 > lhcx2 > lhcx1; in a few hours LL recovery after HL stress, transcript levels are 
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0 : 0 0 3 : 0 0 6 : 0 0 9 : 0 0 1 2 : 0 0 1 5 : 0 0 1 8 : 0 0 2 1 : 0 0 0 : 0 0 3 : 0 0 6 : 0 0 9 : 0 0 0 : 0 0 3 : 0 0 6 : 0 0 9 : 0 0 1 2 : 0 0 1 5 : 0 0 1 8 : 0 0 2 1 : 0 0 0 : 0 0 3 : 0 0 6 : 0 0 9 : 0 0 0 : 0 0 3 : 0 0 6 : 0 0 9 : 0 0 1 2 : 0 0 1 5 : 0 0 1 8 : 0 0 2 1 : 0 0 0 : 0 0 3 : 0 0 6 : 0 0 9 : 0 0 As a complementary approach, we examined the transcript levels of light-responsive lhcx under dynamic light regimes closer to field conditions, i.e. 'sine' light regime (SL) and 'fluctuating' light regime (FL) (Fig. SR13). Similarly as for prolonged mHL exposure (see Fig. SR12C just above), lhcx1 is upregulated during SL 500 but not under FL 500 and FL 1000 probably because the overall light dose is not high enough. While, as expected from above described light response (Fig.

SR12C-E just above) lhcx2 and lhcx3 are up-regulated under all light treatments, they show very distinct responses: i) lhcx2 clearly responds to SL regime, especially after 48 h light exposure, ii) lhcx3 clearly responds to FL 1000, already after 24 h light exposure.

Simultaneous protein quantification was very informative (Fig. SR14): i) for Lhcx1, the gene up-regulation is not mirrored by a higher protein synthesis independent of the light regime, ii) for Lhcx2, the higher transcript level in SL is mirrored by higher protein synthesis, iii) for Lhcx3, the higher transcript level in SL and in FL is reflected by a higher protein synthesis but there is no difference between SL and FL; Lhcx3 shows the highest protein up-regulation as also observed during a short steady-state HL exposure (see Fig. SR12E just above). Parallel to these patterns SL and FL generated an increase in NPQ (SL: from ~2 to 5.5; FL: from ~2 to 3.5) and in DD-DT content (SL: ~12 to 39 mol DT 100 mol Chl a -1 ; FL: ~12 to 21 mol DT 100 mol Chl a -1 ) (see also the section 'Work in Progress', § I-1-a, Fig. WP2). Hence, both higher Lhcx2 and Lhcx3 contents appear to be related to higher DD-DT and stronger NPQ. This whole set of data shows that the regulation of Lhcx expression and synthesis at the gene and protein levels is highly complex and obviously depends on light conditions: moderate vs. stressful / stable vs. dynamic. It strongly suggests that the light trigger for the transcription and synthesis of the three isoforms might be different and/or differentially complex (see the section 'Work in Progress', § I-1-b). While the post-transcriptional regulation of lhcx2 appears rather straightforward, the ones of lhcx1, and particularly of lhcx3, Here, and because the point 2 was largely evocated above (for further details see P24), I will only summarize our hypotheses regarding point 3. Our idea of the possible significant involvement of VDL and VDR enzymes in the phenotypes of our ddeUE transformants arose from the NPQ vs. DT relationship pattern (Fig. SR15A) that resembles the one of ML-and HL-acclimated cells above (Fig. SR10). To explain such unexpected patterns, we proposed that in the ddeUE transformants i) either the silencing approach directly induced an upregulation of vdl and/or vdr genes or that the reduced DDE concentration induced the higher synthesis of VDL and/or VDR as a compensatory mechanism; ii) as a consequence, in the from the obvious fact that, although our major advances in diatom genomics and genetics, we still do not know which one(s) of the DD pools VDR and VDL use [START_REF] Coesel | Evolutionary origins and functions of the carotenoid biosynthetic pathway in marine diatoms[END_REF].

ddeUE
What we know, and what supports our speculations, are the following features: i) vdl genes show differential light-induced transcription compared to the dde-vde gene [START_REF] Coesel | Evolutionary origins and functions of the carotenoid biosynthetic pathway in marine diatoms[END_REF], ii) VDL and VDR might have a lower ability to be regulated by protonation as suggested by their differential amino acid content [START_REF] Coesel | Evolutionary origins and functions of the carotenoid biosynthetic pathway in marine diatoms[END_REF][START_REF] Frommolt | Ancient recruitment by chromists of green algal genes encoding enzymes for carotenoid biosynthesis[END_REF].

Therefore, it could be assumed that while the activity of VDL and VDR enzymes might still be controlled by protonation as DDE (Goss and Jakob, 2010) (P34bc), it is likely they have a different/lower reactivity to pH changes. As a consequence, VDL and VDR probably lack an essential feature for being involved in the XC: the fine regulation of their activity as a function of the lumen acidification. Therefore there is a fair chance that either i) they are localized in the lumen but their activity is differently regulated as a function of the lightdependent ΔpH build-up, as already reported for de-epoxidases from different organisms [START_REF] Jakob | Unusual pH-dependence of diadinoxanthin de-epoxidase activation causes chlororespiratory induced accumulation of diatoxanthin in the diatom Phaeodactylum tricornutum[END_REF], and/or ii) they are not localized in the lumen but in the lipid matrix of thylakoid membranes, as proposed for one of the DT epoxidases (P11r). Regarding the fact that , but not VDR [START_REF] Coesel | Evolutionary origins and functions of the carotenoid biosynthetic pathway in marine diatoms[END_REF], has a slightly charged C-terminus, it might be additionally possible that VDL would be part of the group i) and VDR of the group ii). All alternatives do not interfere with the recent model of the organization of thylakoid membranes in diatoms [START_REF] Lepetit | Molecular dynamics of the diatom thylakoid membrane under different light conditions[END_REF][START_REF] Wilhelm | Light acclimation in diatoms: From phenomenology to mechanisms[END_REF].

We also expressed in vivo the dde-vde gene (unpublished data). We could produce transformants with 50x to 130x increased dde transcript level, so-called ddeOE (OE is for 'over-expressers'). Their growth at LL (50 µmol photons m -2 s -1 ) and pigment content (especially DD-DT pool size ~ 6.5 mol DT 100 mol Chl a -1 ) were unaffected compared to the WT. While the DES of transformants and WT was comparable for cells acclimated to darkness for several hours, ddeOE transformants all show a high DES even at LL intensity:

35% to 50% (6-7% in the WT) corresponding to 2-3 mol DT 100 Chl a -1 , a value usually observed for excess light exposure (see § I-1-a above and P01, P14). Such feature can only be explained by the high reactivity of DDE to a low acidification of the lumen [START_REF] Jakob | Unusual pH-dependence of diadinoxanthin de-epoxidase activation causes chlororespiratory induced accumulation of diatoxanthin in the diatom Phaeodactylum tricornutum[END_REF] which generates the low DES in the WT that is dramatically increased by the higher concentration of DDE in the ddeOE transformants. The consequence on NPQ development is clear (Fig. SR16): NPQ induction in ddeOE transformants is significantly stronger (1.5x). This difference can be explained by the above described relationship between irradiance, ETR, the ΔpH build-up, the activation of DDE, the synthesis of DT and the DT activation, except that here while ETR and the ΔpH build-up have no reasons to be different (i.e. same photosynthetic capacity), for a given lumen acidification and thus irradiance, more DDE are active and more DT are activated. above) and how they cope with short HL stress and prolonged acclimation to higher light intensity than the LL used here to grow them.

# psbA mutants

We generated and characterized mutants carrying functionally altered version of the plastidic psbA gene that encodes the D1 protein of the PSII reaction center (P16). More specifically, these mutants feature an amino acid substitution (i.e. 'point mutation', for further details with the exact procedure, see P16 and its supplementary material) in the close vicinity of the QB-binding pocket of D1 procuring them resistance to the herbicide DCMU (which allowed us to screen and select them). From V219I to S264A via F255I and L275W, the point mutations is closer to the QB-binding pocket, it is even within the pocket for S264A; the situation of V219I and L275W is additionally different as the mutation is simultaneously close to the QB-binding pocket and to the non-heme iron binding sites (Fig. SR17). 

I-1-c_ A working model for the NPQ-qE mechanism in diatoms

Based on most of the above mentioned works, I proposed a first (simple) 'cartoon like' model for the mechanism of NPQ in diatoms (P15r) in conjuncture with the paper by [START_REF] Goss | The importance of a highly active and delta-pH-regulated diatoxanthin epoxidase for the regulation of the PS II antenna function in diadinoxanthin cycle containing algae[END_REF] (Fig. SR19A). It describes a series of events leading to the development of NPQ.

Here is a new version, hopefully self-explanatory (otherwise, see P15r) of this first model: Based on this first attempt and the work of others (reviewed in [START_REF] Goss | Regulation and function of xanthophyll cycle-dependent photoprotection in algae Photosynth[END_REF][START_REF] Lepetit | Molecular dynamics of the diatom thylakoid membrane under different light conditions[END_REF] with major new inputs from [START_REF] Miloslavina | Ultrafast fluorescence study on the location and mechanism of non-photochemical quenching in diatoms[END_REF][START_REF] Gundermann | Factors determining the fluorescence yield of fucoxanthin-chlorophyll complexes (FCP) involved in non-photochemical quenching in diatoms[END_REF]and P27), we recently proposed a more elaborated new working model that focuses on the series of events in the LHC antenna system and hence better includes its newly discovered regulatory partners, the Lhcx proteins (P34bc) (Fig. SR19B). Since then, this model has been used and improved [START_REF] Wilhelm | Light acclimation in diatoms: From phenomenology to mechanisms[END_REF][START_REF] Derks | Diverse mechanisms for photoprotection in photosynthesis. Dynamic regulation of photosystem II excitation in response to rapid environmental change[END_REF][START_REF] Goss | Biodiversity of NPQ[END_REF]; here is an updated version. It is based on the recent observation of two quenching sites (Q1 and Q2) in diatoms and green plants [START_REF] Miloslavina | Ultrafast fluorescence study on the location and mechanism of non-photochemical quenching in diatoms[END_REF][START_REF] Jahns | The role of the xanthophyll cycle and of lutein in photoprotection of photosystem II[END_REF]. Also, the model illustrates differences observed between P. tricornutum cells exhibiting a low vs. high NPQ amplitude for the reasons listed in the Table SR1 above and described in the two upper chapters ( § I-1-a and § I-1-b), as well as in § III-1-a. It is essential to note that this model is based on P. tricornutum and thus may be realistic for pennate diatoms only. In centric diatoms, and although the basis of the process is similar, the 2.

e - e -

e - e - LHC organization is different as well as its protein composition so that some parts of the mechanism are somehow different as proposed by the group of C. Büchel [START_REF] Büchel | Fucoxanthin-chlorophyll-proteins and non-photochemical fluorescence quenching of diatoms[END_REF][START_REF] Chukhutsina | Disentangling two non-photochemical quenching processes in Cyclotella meneghiniana by spectrally-resolved picosecond fluorescence at 77 K[END_REF]. quenching sites 1 and 2; ΔpH, trans-thylakoid proton gradient; Δ522 nm, absorption change at 522 nm, Δ522 nm is a spectroscopic fingerprint that provides information on the engagement of DT in energy dissipation (P06, P26), i.e. its effective involvement in NPQ, it is similar to the Δ525-Δ535 nm in land plants [START_REF] Jahns | The role of the xanthophyll cycle and of lutein in photoprotection of photosystem II[END_REF][START_REF] Ruban | The photoprotective molecular switch in the photosystem II antenna[END_REF]. The model depicted here aims to illustrate the effective involvement of DT as an allosteric regulator of a conformational change in the LHC antenna. The conformational change is believed to be an aggregation of part of the LHC antenna generated by the protonation of FCP-binding sites (P12) [START_REF] Goss | The importance of a highly active and delta-pH-regulated diatoxanthin epoxidase for the regulation of the PS II antenna function in diadinoxanthin cycle containing algae[END_REF][START_REF] Büchel | Fucoxanthin-chlorophyll-proteins and non-photochemical fluorescence quenching of diatoms[END_REF]. Chl a710-712 is a spectroscopic fingerprint illustrating the ability to form oligomeric FCP complexes that disconnect from the PSII core under excess light conditions [START_REF] Miloslavina | Ultrafast fluorescence study on the location and mechanism of non-photochemical quenching in diatoms[END_REF][START_REF] Lepetit | Molecular dynamics of the diatom thylakoid membrane under different light conditions[END_REF] in order to amplify DT-dependent energy dissipation and thus NPQ (P27). Adapted from P34bc.

The quenching site Q2 is proposed to be located in a part of the LHC antenna that remains attached to the PSII core; its quenching properties presumably rely on an aggregation state induced by lowering of the luminal pH and further depends on the thylakoid membrane lipid environment as shown in vitro [START_REF] Gundermann | Factors determining the fluorescence yield of fucoxanthin-chlorophyll complexes (FCP) involved in non-photochemical quenching in diatoms[END_REF] and on the binding of DD-DT [START_REF] Miloslavina | Ultrafast fluorescence study on the location and mechanism of non-photochemical quenching in diatoms[END_REF]. The quenching Q1 is proposed to be located in a part of the LHC antenna that disconnects from PSII upon illumination and forms oligomeric FCP complexes (potentially including both Lhcf and Lhcx proteins, see below) [START_REF] Miloslavina | Ultrafast fluorescence study on the location and mechanism of non-photochemical quenching in diatoms[END_REF]. The quenching property of Q1 appears to be relatively independent of the presence of DD-DT in vitro [START_REF] Gundermann | Factors determining the fluorescence yield of fucoxanthin-chlorophyll complexes (FCP) involved in non-photochemical quenching in diatoms[END_REF]. Chl a710-712 oligomeric FCP complexes are already present in dark-and low light-adapted cells (P26) [START_REF] Miloslavina | Ultrafast fluorescence study on the location and mechanism of non-photochemical quenching in diatoms[END_REF][START_REF] Chukhutsina | Variations in the first steps of photosynthesis for the diatom Cyclotella meneghiniana grown under different light conditions[END_REF]) in a stable functionally form connected to PSII [START_REF] Herbstova | Molecular basis of chromatic adaptation in pennate diatom Phaeodactylum tricornutum[END_REF]. However, until the latter disconnect from PSII, their dissipative property remains negligible. Presence of large and stable Chl a710-712 FCP oligomers in high NPQ, darkacclimated cells, might be induced by the decrease of the thylakoid lipid ratio MGDG-SQDG [START_REF] Lepetit | Molecular dynamics of the diatom thylakoid membrane under different light conditions[END_REF]. Interestingly, they are also present during chromatic adaptation of P.

tricornutum cells to light enriched in red wavelengths [START_REF] Herbstova | Molecular basis of chromatic adaptation in pennate diatom Phaeodactylum tricornutum[END_REF]Schellenberger Costa et al., 2013a) during which the lhcf15 gene is up-regulated [START_REF] Valle | System responses to equal doses of photosynthetically usable radiation of blue, green, and red light in the marine diatom Phaeodactylum tricornutum[END_REF] as well as during the first hours of a shift from prolonged darkness to light [START_REF] Nymark | Molecular and photosynthetic responses to prolonged darkness and subsequent acclimation to re-illumination in the diatom Phaeodactylum tricornutum[END_REF].

Such light conditions are found only when diatoms cells are transported at the surface of the water column where the light spectrum is enriched in red wavelengths and where irradiance is the highest.

We propose that disconnection of Chl a710-712 FCP oligomers upon illumination is generated by both protonation of the Lhcf-Lhcx proteins involved in NPQ (P12) [START_REF] Goss | The importance of a highly active and delta-pH-regulated diatoxanthin epoxidase for the regulation of the PS II antenna function in diadinoxanthin cycle containing algae[END_REF] and conversion of DD to DT (see below and Enriquez et al., 2010) (Fig. SR19B). Once disconnected, the Chl a710-712 FCP oligomers show a spatial arrangement of pigment-protein complexes that establishes new Chl a-Chl a and/or Chl a-fucoxanthin interactions reducing the lifetime of excited 1 Chl a* [START_REF] Miloslavina | Ultrafast fluorescence study on the location and mechanism of non-photochemical quenching in diatoms[END_REF][START_REF] Wahadoszamen | Stark fluorescence spectroscopy reveals two emitting sites in the dissipativestate of FCP antennas[END_REF], thereby dissipating excessive excitation energy as heat at the Q1 site in addition to the Q2 site. Recent in vitro data obtained in P. tricornutum exactly demonstrate that such a mechanism is possible in vivo (Schaller-Laude et al., Submitted) confirming the previous observation of FCP macrodomains undergoing a fast and reversible light-induced reorganization that correlates with the kinetics of NPQ [START_REF] Szabo | Structurally flexible macro-organization of the pigment-protein complexes of the diatom Phaeodactylum tricornutum[END_REF]. Recent works additionally stress out the ability of Q1 site to bind DD [START_REF] Herbstova | Molecular basis of chromatic adaptation in pennate diatom Phaeodactylum tricornutum[END_REF] and DT (Schaller-Laude et al., Submitted) alongside with Chl a. Lastly, Mg 2+ is required for aggregation of detached FCPs in an oligomeric state, therefore increasing their dissipative capacity [START_REF] Schaller | Influence of pH, Mg2+, and lipid composition on the aggregation state of the diatom FCP in comparison to the LHCII of vascular plants[END_REF][START_REF] Schaller-Laude | The diadinoxanthin diatoxanthin cycle induces structural rearrangements of the FCP antenna system of the pennate diatom Phaeodactylum tricornutum[END_REF].

The exact regulatory role of DT remains under debate; two alternatives have been proposed that are not mutually exclusive (Enriquez et al., 2010;[START_REF] Jahns | The role of the xanthophyll cycle and of lutein in photoprotection of photosystem II[END_REF]:

( et al., 2006;[START_REF] Grouneva | The regulation of xanthophyll cycle activity and of non-photochemical fluorescence quenching by two alternative electron flows in the diatoms Phaeodactylum tricornutum and Cyclotella meneghiniana[END_REF][START_REF] Cruz | Impact of chlororespiration on nonphotochemical quenching of chlorophyll fluorescence and on the regulation of the diadinoxanthin cycle in the diatom Thalassiosira pseudonana[END_REF][START_REF] Gundermann | Factors determining the fluorescence yield of fucoxanthin-chlorophyll complexes (FCP) involved in non-photochemical quenching in diatoms[END_REF]. The latter studies showed four essential features of NPQ in pennate, as well as in centric diatoms [START_REF] Jahns | The role of the xanthophyll cycle and of lutein in photoprotection of photosystem II[END_REF][START_REF] Ruban | The photoprotective molecular switch in the photosystem II antenna[END_REF]. Nevertheless, a significant part of NPQ can be maintained in the dark without any ΔpH as long as DT is present (P27) [START_REF] Goss | The importance of a highly active and delta-pH-regulated diatoxanthin epoxidase for the regulation of the PS II antenna function in diadinoxanthin cycle containing algae[END_REF] (also discussed in P34bc-II.A.1).

The persistence of DT in the dark was proposed to be responsible for keeping the FCP oligomers in an aggregated state [START_REF] Goss | The importance of a highly active and delta-pH-regulated diatoxanthin epoxidase for the regulation of the PS II antenna function in diadinoxanthin cycle containing algae[END_REF]. The latter feature would be in line with the persistence of part of the quenching at the Q2 (and/or Q1) site(s) in the dark, i.e. as long as the majority of the DT molecules are not converted back to DD, the FCP oligomers cannot reconnect to PSII (Fig. SR19B). The usual extremely fast DT epoxidation ensures that the FCP complexes can switch back to a light-harvesting mode only within minutes after a transition from HL to LL (see P34bc-II.A.1; [START_REF] Goss | Biodiversity of NPQ[END_REF]. Retention of DT and its engagement in thermal energy dissipation resulting in sustained NPQ in the dark were reported for several diatom species, including pennate and centric representatives (P26, P27) [START_REF] Goss | The importance of a highly active and delta-pH-regulated diatoxanthin epoxidase for the regulation of the PS II antenna function in diadinoxanthin cycle containing algae[END_REF]. Because its dark relaxation is slow, this sustained component of NPQ, also called 'dark NPQ' (reviewed in P19bc), probably contributes in part to qI (Demmig-Adams and Adams, 2006), together with photo-damage/-inactivation of PSII (P38) [START_REF] Wu | Photosystem II photoinactivation, repair, and protection in marine centric diatoms[END_REF]. Also, it was recently proposed that de novo synthesized DT molecules (see § I-1-a above) would preferentially participate to qI sustained NPQ [START_REF] Zhu | Photoprotection in the diatom Thalassiosira pseudonana: Role of LI818-like proteins in response to high light stress[END_REF][START_REF] Wu | Photosystem II photoinactivation, repair, and protection in marine centric diatoms[END_REF]. Sustained 'dark NPQ' is often observed after a prolonged exposure to excess light (P26, P27), which exhausts the pool of NADPH+H + and leads to a slower epoxidation of DT back to DD in the dark [START_REF] Goss | The importance of a highly active and delta-pH-regulated diatoxanthin epoxidase for the regulation of the PS II antenna function in diadinoxanthin cycle containing algae[END_REF][START_REF] Goss | Biodiversity of NPQ[END_REF]. Hence, at least part of the 'dark NPQ' could be interpreted as a slow recovery from the light-dependent reversible reorganization of the LHC system. 'Dark NPQ' is also observed after a prolonged exposure to darkness (several hours), where it is induced by DT molecules generated by a chlororespiratory ∆pH (see P34bc, § II.C).

The identity of the proteins involved in the formation of the Q1 and Q2 sites remains unclear (also discussed in [START_REF] Goss | Biodiversity of NPQ[END_REF]. As above acknowledged ( § I-1-a), the biochemistry of the FCP proteins of the LHC system has not been one of my main interests anymore after I started my post-doctorate at the University of Konstanz. Consequently, I will not develop furthermore this aspect. The mapping of the LHC system in P. tricornutum as, since, well advanced [START_REF] Gundermann | Identification of several sub-populations in the pool of light harvesting proteins in the pennate diatom Phaeodactylum tricornutum[END_REF][START_REF] Lepetit | Molecular dynamics of the diatom thylakoid membrane under different light conditions[END_REF] as well as the one in centric diatom representatives as described in details elsewhere [START_REF] Büchel | Fucoxanthin-chlorophyll-proteins and non-photochemical fluorescence quenching of diatoms[END_REF][START_REF] Chukhutsina | Disentangling two non-photochemical quenching processes in Cyclotella meneghiniana by spectrally-resolved picosecond fluorescence at 77 K[END_REF]. General recent description of that aspect can be find in [START_REF] Goss | Biodiversity of NPQ[END_REF]. Of higher interest in the framework of this manuscript is the case of the Lhcx proteins and of the FCP oligomers responsible for Chl a710-712. We recently demonstrated that the transcription of some lhcx genes is co-regulated with the DD+DT content via the redox state of the PQ pool (P27; see the part 'Work in progress', § I-1-b). In P. tricornutum, an increase, via genetic engineering, of the in vivo Lhcx1 level generates a higher NPQ [START_REF] Bailleul | An atypical member of the light-harvesting complex stress-related protein family modulates diatom responses to light[END_REF][START_REF] Depauw | Exploring the molecular basis of responses to light in marine diatoms[END_REF] (see also the part 'Work in progress' § I-1-a). [START_REF] Zhu | Photoprotection in the diatom Thalassiosira pseudonana: Role of LI818-like proteins in response to high light stress[END_REF] proposed a structural role for Lhcx1 that fits well with its presence in significant amounts in LLacclimated cells (P27) [START_REF] Bailleul | An atypical member of the light-harvesting complex stress-related protein family modulates diatom responses to light[END_REF]Schellenberger Costa et al., 2013b).

Nevertheless, this proposal is not in contradiction with Lhcx1 at Q2 site (Fig. SR19B)

providing DD-and DT-binding sites, or with the amount of DD and DT bound to the LHC system being modulated by the amount of Lhcx1 [START_REF] Lepetit | Evidence for the existence of one antenna-associated, lipid-dissolved and two protein-bound pools of diadinoxanthin cycle pigments in diatoms[END_REF][START_REF] Zhu | Photoprotection in the diatom Thalassiosira pseudonana: Role of LI818-like proteins in response to high light stress[END_REF][START_REF] Gundermann | Factors determining the fluorescence yield of fucoxanthin-chlorophyll complexes (FCP) involved in non-photochemical quenching in diatoms[END_REF] suspect it could be involved in the binding of de novo synthesized DD-DT and thus play the role of a NPQ enhancer under harsh environmental conditions when there is energy imbalance within the photosynthetic apparatus. Such role was previously proposed for the isoform Lhcx6 in the centric diatom Thalassiosira pseudonana [START_REF] Zhu | Photoprotection in the diatom Thalassiosira pseudonana: Role of LI818-like proteins in response to high light stress[END_REF]. Since Lhcx3 (and Lhcx2) appears to be loosely bound to the thylakoid membrane [START_REF] Grouneva | The thylakoid membrane proteome of two marine diatoms outlines both diatom-specific and species-specifc features of the photosynthetic machinery[END_REF], it is difficult to hypothesize its localization in the above proposed model (Fig. SR19B), apart from a peripheral binding to the LHC system.

The only currently available pieces of information as regards to the Lhcf-Lhcx composition of the FCP oligomers responsible for Chl a710-712 at Q1 site are 1) there is apparently no presence of Lhcx proteins (Schaller-Laude et al., Submitted), 2) FCP oligomers seem to be made of Lhcf15 as a key building-block [START_REF] Herbstova | Molecular basis of chromatic adaptation in pennate diatom Phaeodactylum tricornutum[END_REF] as well as Lhcf5

and Lhcf17 (Schaller-Laude et al., Submitted).

To be complete, I need to precise that our model is a bit different from the one proposed for centric diatoms [START_REF] Chukhutsina | Disentangling two non-photochemical quenching processes in Cyclotella meneghiniana by spectrally-resolved picosecond fluorescence at 77 K[END_REF]. Indeed, NPQ [START_REF] Grouneva | A new multi-component NPQ mechanism in the diatom Cyclotella meneghiniana[END_REF], as well as the organization of the LHC antenna system are more complex in centric diatoms [START_REF] Büchel | Fucoxanthin-chlorophyll-proteins and non-photochemical fluorescence quenching of diatoms[END_REF][START_REF] Goss | Biodiversity of NPQ[END_REF]. Therefore, the NPQ mechanistic model for centric diatoms tries to comply with this complexity, and especially with its multi-component features [START_REF] Grouneva | A new multi-component NPQ mechanism in the diatom Cyclotella meneghiniana[END_REF]. According to this model the fast component qE1 is independent of DT and takes place in PSII that still contains a significant part of the LHC antenna. However, qE1 is also located in a second quenching site within disconnected and aggregated FCP complexes. With increasing DT concentrations a second quenching component, qE2, is established. qE2 takes place in PSII cores that are largely disconnected from the main LHC antenna. Furthermore, the quenching in the disconnected, aggregated FCP complexes, is increased by the presence of DT. The authors conclude that although the extent of qE2 is smaller than that of qE1 it might be more effective because it selectively quenches PSII core complexes.

The common points and distinctions of NPQ in cyanobacteria, green plants and algae, and diatoms were recently nicely reviewed [START_REF] Derks | Diverse mechanisms for photoprotection in photosynthesis. Dynamic regulation of photosystem II excitation in response to rapid environmental change[END_REF]; see also our preceding works P11r and P23bc). Our work obviously paved the path to the diatom NPQ mechanism presented in this review. Although my contribution was very minor, I also participated to the knowledge about the NPQ mechanism and regulation in cyanobacteria (P07).

The most recent diatom NPQ model owes to the essential input of Bernard Lepetit, my former post-doctorate in LIENSs-La Rochelle, and now post-doctorate at the University of Konstanz, Germany. This work was reviewed in P34bc.

I-2_ Discovery and characterization of the diatom PSII CET mechanism

The fast regulation of photosynthesis (seconds timing) and PSII photoprotection is not restricted to NPQ and the XC. The excitation energy in excess can be 'diverted' from its linear photochemical use by a PSII CET (P03, P13, P11r, P15r) which i) allows to avoid/reduce the over-reduction of electron carriers on PSII acceptor side (quinones and PQs), ii) enters in direct competition with the O2 evolving complex (OEC) and consequently with H2O hydrolysis and O2 release. These two features unavoidably reduce the probability for the generation of (ROS) that support the oxidative photodamage and subsequent PSII photoinactivation and photoinhibition. The competition of PSII CET with the OEC functioning through the Kok-Joliot S-state cycle [START_REF] Joliot | Un nouveau modèle des centres photochimiques du système II[END_REF][START_REF] Kok | Cooperation of charges in photosynthetic O2 evolution-I. A linear four step mechanism[END_REF] and the generated deficit in O2 emission, as measured during an O2 sequence generated during a series of 20 over-saturating single turnover flashes with a bare flash electrode [START_REF] Joliot | A polarographic method for detection of oxygen production and reduction of hill reagent by isolated chloroplasts[END_REF], was the starting point of this discovery. Indeed, at that time (1998), and although such phenomenon has been described in cyanobacteria and in eukaryotic green microalgae [START_REF] Falkowski | Evidence for cyclic electron flow around Photosystem II in Chlorella pyrenoidosa[END_REF][START_REF] Prasil | Cyclic electron flow around Photosystem II in vivo[END_REF], it was unknown in the complex photosynthetic lineages arising from secondary endosymbiosis.

The main features of the PSII CET we reported are:

-it exists in many planktonic and benthic diatom species, although to a different extent (P03, P14, P35).

-it amounts to a maximum of 3 to 4 electrons per PSII during an O2 sequence, i.e. over the 20 charge separations, 3 to 4 did not contribute to H2O oxidation (P03, P13). It even reaches 7

electrons per PSII when ETR is impaired in P. tricornutum, a predicted theoretical maximum (P13). This was specifically observed in our psbA mutants (see § I-1-c) in which ETR is impaired (i.e. mutants F255I and L275W; P02s). It was furthermore observed that in species that do not base their photoprotection on the fast regulation of photochemistry, like the strain of Skeletonema costatum we examined (see § III-1-a), the PSII CET is virtually absent (P03, P14). In the main growth forms of benthic diatoms, it varies between ~1.6 (Seminavis robusta, epipelic motile form) to ~3.6 (Opephora sp., epipsammic immotile form) (P35; see § III-2-a).

-it develops in parallel to NPQ although much faster (second switch on; P03, P13) and for lower light intensities (Fig. SR20) (P03, P13, P14). It is already 'ON' for a relatively low growth light intensity of 50 µmol photons m -2 s -1 , and even much lower (P13), especially when ETR is strongly impaired (i.e. mutant L275W; P02s). Such kinetics likely accounts for the ability of P. tricornutum cells to keep NPQ low up to nearly half-reduction of PSII (i.e. 1-qP ~ 0.5-0.4) (P03, P14). -similar to the 'dark NPQ', the PSII CET can be induced in the dark through the reduction of the PQ pool by the chlororespiration pathway (see Fig. SR21 below) that uses reducing equivalents previously accumulated during excess light exposure (P03, P13). Instead of a true physiological purpose, and until new evidences, we interpreted this dark induction as a side effect of the PQ reduction by the chlororespiratory pathway that would switch on the PSII CET (see below) even in the dark (P13). However, and similar to the effect of chlororespiration on 'dark NPQ', it could also be an additional way to keep the photosynthetic machinery 'energized' and ready to cope with unpredictable and fast light increase as for instance observed in a turbid water column or at the surface of sediment during a cloudy day.

Energy dissipation (arbitrary units)

Based on the green model [START_REF] Prasil | Cyclic electron flow around Photosystem II in vivo[END_REF], the further characterization of the PSII CET features (P13) helped proposing a mechanistic model for diatoms (Fig. SR21) where i)

the Cytochrome b559 might play a central role (P13) [START_REF] Kaminskaya | Two reaction pathways for transformation of high potential cytochrome b559 of PSII into the intermediate potential form[END_REF], ii) the QB pocket is the turning point in the electron flow diversion process, as supported by the phenotype of our S264A psbA mutant (see P02s), iii) the redox state of the PQ pool would play the role for the indirect 'ON/OFF' switch, as also supported by the high PSII CET phenotype of our ETR impaired psbA mutants (see P02s), and iv) the direct electron donor to the Chl a P680 that competes with the OEC remains unknown and it was ruled out to be the tyrosine YD (P13) as earlier proposed (P03). The PSII CET appears to be a perfect mechanism that short-circuits photosynthetic charge separation in PSII whenever the PQ pool is reduced more rapidly than it can be oxidized by downstream transporters (activities of cytochrome b6/f, PSI and ultimately of the Calvin cycle). Nevertheless, one needs to keep in mind its prime function is not a temporary energy-conserving cyclic electron transport (i.e. until light conditions are not excessive anymore) but more an energy-dissipating leak within the PSII reaction center. In that framework, it remains unclear if the PSII CET is related in any way to the DT-independent PSII quenching center type proposed by [START_REF] Eisenstadt | Changes in the photosynthetic reaction centre II in the diatom Phaeodactylum tricornutum result in non-photochemical fluorescence quenching[END_REF] that may include recombination of QA -and/or QB -with the S2 and S3 states of the OEC, respectively. This quenching would be supported by hypothetic excess light-induced structural change of the PSII core complex itself that we could not observe with our measurements (P03, P13). The ability to keep the steady-state reduction level of quinones and PQ relatively low upon short excess illumination obviously supports the hypothesis that the PSII CET may serve as a safety valve preventing both acceptor-side photoinhibition in O2-evolving PSII (i.e. caused by D1 protein damage, see P38) and donor-side photoinhibition when the O2-evolving complex is temporarily inactivated (i.e. during PSII photoinactivation as described in P01, P05, P14). As described above ( § I-1-a, Fig. SR6), and as part of the alternative electron cycling processes (see P11r and P20bc), the PSII CET participates to the unusual kinetics of photochemical quenching (qP) and NPQ (or qN) vs. light intensity in P. tricornutum (Fig. SR22) and consequently to the highly flexible and fine partitioning of photochemistry vs. photoprotection (P06, P14, see also § III-1-a). As such, it is the first line of PSII defense against unpredictable, strong, fast and frequent energy imbalances: the PSII CET is best efficient in the fast regulation of photochemistry during fast fluctuations of light, and especially when sudden and short increase in irradiance occurs, than in reducing the excitation pressure on PSII during prolonged (> 5 to 15 min, i.e. the rapid phase of PSII photoinactivation described above in § I-1-a) excess light (typically well over EK) exposure as NPQ and D1 protein synthesis/replacement do. This balance is described in details in our ETR impaired psbA mutants (P02s, see § I-1-b), but also by comparing different diatom strains with high or low NPQ capacities (P14, P38, see § III-1-a). The ability to rapidly respond to fast and frequent changes in light intensity has been awarded by a better adaptation to in situ highly fluctuating light regime (see § III-1-b), partially based on a much higher conversion efficiency of photochemical energy into biomass [START_REF] Wagner | Balancing the energy flow from captured light to biomass under fluctuating light conditions[END_REF]. We recently further demonstrated its physiological relevance in decreasing PSII over-reduction under nitrogen limitation coupled with near dynamic natural light climate, i.e. in conditions where there is imbalance between light absorption and the metabolic use of light energy (P01s). -the development of new tools and approaches for the assessment of photosynthetic activity of MPB diatom natural communities (i.e. in the sediment) in the lab (P17, P25 and P30); this work was especially performed together with Joao Serodio, University of Aveiro, Portugal.

-the development of a new approach that couples hyperspectral reflectance of pigments, chlorophyll fluorescence and remote sensing for the ultimate purpose of generating production maps at the scale of an entire habitat (here intertidal mudflats) (P31 and unpublished data); this work is essentially performed together with Vona Méléder and Laurent Barillé, University of Nantes-France. This is a typical example of how knowledge on the physiology, ecophysiology and ecology of MPB diatoms, and of their special habitat, can be used for improving a challenging growing technical approach that can ultimately support a transdisciplinary lecture of our natural environment and help us to assess its natural and human potential threats (see the section 'Work in progress, § I-3).

These different parallel approaches were the support for building a new technical facility in LIENSs laboratory that deals with the analysis of coastal primary producers and their environment. I will not described this work here except that it does not only include chlorophyll fluorescence measurement ex situ and in situ with different fluorometers but it also reflects our multi-tool based approach supported by the coupling with pigment analysis, O2 and CO2 measurements and different lighting-systems, that are completed with protein and gene analysis that are both parts of another LIENSs technical facility.

Because the knowledge that I acquired and that is necessary to support the below described projects is described in § I, § III and § IV, here I will mainly focus on the how and the respective out-puts that anyway mainly refer on works presented in parts § III and § IV.

II-1_ Analysis of freshwater phytoplankton communities by the use of trichromatic chlorophyll fluorescence

Although this work has been essential in my knowledge of chlorophyll fluorescence and fluorometers, and although it constitutes my very first true experience of work in the field, I will not go too much into details here as this now falls out my current research activities. The rest is described more in details in Appendix 2.

II-2_ Improvement of light-response curves (LCs) and Rapid LCs (RLCs) acquisition and analysis in MPB diatoms

II-2-a_ RLCs acquisition in MPB diatoms

Because I participated to a book chapter (P19bc) reviewing in details the specific application of chlorophyll fluorescence measurements to photosynthetic biofilms and MPB diatoms, I will not enter in details here but only focus on the two pieces of work (P10 and P21) I more specifically contributed to. These three publications are very good examples of how expertise in photophysiology (especially in NPQ) can help to strengthen and improve the chlorophyll fluorescence methodology. In P19bc, I especially reviewed how NPQ and 'dark NPQ' can influence the measurement of RLCs and the deciphering of RLC-derived photophysiological parameters.

Briefly (see P19bc for a full description), light response curves (photosynthetic vs. irradiance or P-E curves) consist of incremental increase of the actinic light intensity (as applied with a fluorometer) that allow to measure maximal Fm' and steady-state Fs levels and to calculate the PSII photochemical quantum efficiency (Φ PSII = ΔF / Fm' = Fm' -Fs / Fm') on a given sample (see the Table p 71 for a definition of these parameters). By multiplying Φ PSII with E for each light step and considering a ratio light energy absorbs/light energy effectively used of usually 0.5, one can calculate the relative electron transport rate, rETR = Φ PSII x E x 0.5. Mathematical fitting of the rETR vs. E curves allows to decipher rETRmax, α, the light use efficiency and EK, the coefficient for light saturation (see also § I-1-a). These essential photophysiological parameters inform on the photoacclimatory status of the cells (α and EK) and their photosynthetic productivity (rETRmax). RLC is a form of light curve that usually uses 8 short 10 to 60 s incremental light steps in order to assess the 'operational photophysiology' at a given time. As described in P19bc, RLCs have become a powerful approach to estimate the photosynthetic productivity and the photophysiology of MPB diatom communities isolated from the field and in situ. This is based on mainly one reason related to the biological behavior of MPB diatoms (Jesus et al., 2006b): the formation of the MPB biofilm during the few hours of emersion coupled to the down-and up-ward motility of epipelic diatoms in the sediment require a non-invasive, fast and sensitive methodology that only chlorophyll fluorescence and the usual maximum 80 to 210 s-length RLCs provide. Of course, many pitfalls have been identified that require a careful use (often related to the type of fluorometer itself) and interpretation of RLCs. The paradox of chlorophyll fluorescence and RLCs is the use of a tool/technic to assess the photosynthetic activity while photosynthesis and its regulatory processes themselves directly influence the fluorescence signal and its acquisition. Indeed, RLC progress can generate rapid changes of the photosynthetic activity which in turn modulate chlorophyll fluorescence emission, and can potentially affect the rETR measurement and subsequent derivation of photophysiological parameters. Together with the redox state of QA, NPQ (see § I-1) has been shown to be one the main processes potentially disturbing chlorophyll fluorescence emission during RLC (for further details on the effect of light on the fluorescence signature and its interpretation, see P20bc). This was the purpose of the two studies I participated to: to evaluate how the RLC settings as well as the past light history of the sample can influence the output of RLCs via the extent of QA redox state and NPQ.

The first study (P10) was performed in controlled light conditions on the species Navicula phyllepta, well-known to dominate the MPB community of the bay of Marennes-Oléron [START_REF] Haubois | Spatio-temporal structure of the epipelic diatom assemblage from an intertidal mudflat in Marennes-Oleron Bay, France[END_REF] and usually abundant in most of the Western European intertidal mudflats. To my knowledge, it was the first study of its genre and it was followed and completed by similar approaches [START_REF] Herlory | Methodology of light response curves: application of chlorophyll fluorescence to microphytobenthic biofilms[END_REF][START_REF] Cruz | Relationship of rapid light curves of variable fluorescence to photoacclimation and nonphotochemical quenching in a benthic diatom[END_REF]. We explored the effect on the RLC output of 1) the light dose accumulation during the RLC itself and how it can be varied by the duration of each light step (10 to 140 s-steady-state) and by using up-or down-ward intensity light steps, 2) of recent light history of the cells by acclimating them for 1 h to either LL or HL (25 and 400 µmol photons m -2 s -1 , respectively).

In particular, we have shown i) how the duration of each light step influences the degree of NPQ induction (Fig. SR23A), and the subsequent RLC pattern (Fig. SR23B) and determination of photophysiological parameters (for instance rETRmax Fig. SR23C), and ii) how this is modulated by the recent light history of cells (Fig. SR23C), i.e. the NPQ amplitude differs after LL or HL short acclimation. Our final recommendation was to avoid i) 10 s light step with this fluorometer because of errors due to rapid QA redox changes and NPQ induction; ii) 60 s and longer light step that have the tendency to under-estimate the differences in photophysiological state prior to RLC; this is due to a strong NPQ induction that decreases the fluorescence signal at unreasonable levels when RLC reaches the highest irradiance steps. Overall, we advised 30 s light steps as a good compromise with the fluorometer used, i.e. the Walz Diving-PAM, which actinic light source is a halogen lamp which intensity is unstable with heating, an effect that logically dramatically enhances with the duration of each light steps (see P35 supplementary material-Table 1). The second study (P21) was performed in situ on sediment of the intertidal mudflat on the Bay of Marennes-Oléron, over several consecutive days, during daily emersion summer HL conditions and on natural MPB diatom communities. Here again it was the first of its genre (previous studies were performed ex situ on sampled sediment, [START_REF] Serodio | Rapid light-response curves of chlorophyll fluorescence in microalgae: relationship to steady-state light curves and non-photochemical quenching in benthic diatomdominated assemblages[END_REF], i.e. the confrontation of our conclusions raised on one species (see above) and with light controlled conditions vs. the field reality, namely: MPB assemblage of several species and uncontrolled light climate. The purpose of HL summer conditions was to induce a strong NPQ in order to ascertain how it could disturb RLC output. This study was conducted with a Walz Water-PAM (microfiber version) which alleviates the actinic light source problem of the Diving-PAM, i.e. the Water-PAM uses blue LEDs. Based on our former study, we compared 10 s and 30 s light step duration, the two most commonly used duration for RLCs. We reported that in particular i) α determined with 10 s-RLCs and rETRmax determined with 30 s-RLCs were often underestimated. This was due to a strong NPQ prior to the RLC ('dark NPQ', see § I-1 and P19bc) that could not rapidly and totally relax with 10 s steps, and to NPQ maximal induction during the last steps of RLC accentuated by 30 s steps, respectively.

Based on these observations, we proposed a summary scheme that helps to find the best compromise of RLC settings as a function of the light history of MPB diatoms (Fig. SR24).

The main conclusion of our approach is that it is virtually impossible to reach a reasonable determination of α and rETRmax (and thus EK) simultaneously, i.e. with the same RLC settings. In contrast to our previous laboratory work (see above), the 10 s step appeared to be the only setting for a correct measurement of rETRmax; nevertheless the 30 s step offers the best compromise for a simultaneous reasonable measurement of all parameters. While this study was an interesting step forward, the main criticism lies in the fact that we did not examined the LL conditions in situ (left side of the 10 s and 30 s conditions in Fig. SR24). This is necessary to comfort our proposed scheme of events. Based on these two works, we decided to alternate between 10 s and 30 s light steps during further field experiments with the Water-PAM fluorometer (especially in the framework of A. Barnett's Ph.D.). We additionally combined it with beginning the RLC at minimal light intensity (step 1) or higher (step 3 or even 5) depending on the light history, i.e. if the solar irradiance was high or not, in order to try to find a balance between saturation of the light curve and maximal NPQ induction (as we were interested in measuring NPQ too).

Additionally, at the end of each RLC, we exposed the MPB biofilm to 5 min LL (step 1) and fire a flash to measure Fm level. Indeed, this way most of NPQ can be relaxed and measurement of the 'true' Fm level can be (nearly) reached, which is essential for the computing of NPQ (NPQ = Fm -Fm' / Fm'). We have tested this protocol in different ecosystems with different sediment particle size (muddy and sandy-muddy), in France and Portugal, and for different light climate (spring, summer and autumn). These data are under analysis and are still unpublished.

In general, one should use RLCs to measure the photosynthesis of MPB biofilm with care. Indeed, and in contrast to what is often argued to 'sell' the chlorophyll fluorescence tool: it can be invasive because it can modify both the photosynthetic activity (see above) and the assemblage of MPB diatom species (see the argumentation in P19bc) during the RLC itself. However, it still remains better than other light curve methodologies (i.e. steady-state LCs), while others (i.e. non-sequential LCs) cannot apply on MPB communities in situ; as to the other methodologies to asses MPB photosynthesis in the field (O2 and CO2): they are less convenient and not fast enough to allow many replicates and thus the assessment of spatial and temporal heterogeneity over an emersion (see P19bc for a thorough comparison of the different approaches). This being said, measurement of CO2 fixation and respiration with a CO2 analyzer coupled to transparent and dark airtight semi-spheres applied to the sediment is the most reliable system I have used to measure the absolute net and gross photosynthetic production of MPB diatom biofilms in the field and in the lab (see the section 'Work in progress', § I-3).

II-2-b_ LCs and RLCs analysis

As said above, RLCs and light-response curves allow to build not only rETR vs. E curves but also NPQ vs. E curves providing that the Fm level (or a maximum fluorescence level as close as possible to the 'true' Fm for MPB biofilm, see the argumentation in P19bc) is correctly assessed. We proposed a new mathematical fitting for the quantitative description of the NPQ vs. E curves (P22) in parallel to the usual fitting of rETR vs. E curves (based on the model by [START_REF] Eilers | A model for the relationship between light intensity and the rate of photosynthesis in phytoplankton[END_REF]. Our model is an adaptation of the Hill equation and it is based on the assumption that NPQ is mostly due to qE and thus depends on the close dependence of NPQ induction on the XC, an assumption proven to be especially true for diatoms (see § I-1 for all details). The central feature for the generic conditions of application of Hill equation is allosteric regulation of NPQ-qE, i.e. the sigmoidal shape of the NPQ-qE vs.

E curve is due to allosteric regulation of NPQ-qE resulting from irradiance-dependent LHC proton-binding with positive cooperativity coupled to the 'activation' of DT acting like a positive effector.

With our model, three main parameters describe the NPQ vs. E curve: 1) NPQm or NPQmax, the maximal NPQ; this is of the main usefulness of our model to estimate NPQmax despite the fact that in many cases, with RLCs, especially with in situ measurements, NPQ vs. E curves do reach saturation within the range of actinic irradiances applied (which justifies the use of RLC 30 s starting at intensity step 3 and even 5, see above); 2) E50NPQ that is the intensity for reaching half-saturation of NPQ, interpretable as the light level for the deepoxidation and 'activation' of the convertible LHC-bound DD pool necessary to induce 50% of NPQmax; 3) n that is a somewhat empirical coefficient that describes the sigmoidicity of the NPQ vs. E curve; it informs on the degree of NPQ-qE allosteric regulation and thus on the NPQEk that is the degree of NPQ induction for EK intensity. These indices are based on the observation that the light response of NPQ strongly depends on the photoacclimation status of cells (see above and § I-1-a) which we further tested in this study (P22) on the benthic diatom Nitzschia palea (Fig. SR25). In this example, although ETR vs. E and NPQ vs. E curves differ a lot with light acclimation, E50NPQ/EK is stable (2,44 ± 0,45) and NPQEk varies between ~5 and 15% confirming that EK is an important threshold for NPQ onset (see § I-1-a). Although we did not yet used these parameters further (except an unpublished example given § IV-3), they can surely be very informative in describing the balance between photochemistry vs. photoprotection (see § I-1-a and § III-1-a).

II-2-c_ A new type of LCs: the single pulse LCs (SPLCs)

As I did not use this new method in the projects described in this manuscript, it is further described in Appendix 3.

II-3_ Improvement of the ex situ ecophysiological analysis of natural MPB diatom communities with special focus on motile epipelon (EPL)

In parallel to the development of the SPLC approach (see just above), we started to use the advantages brought by imaging chlorophyll fluorescence systems to finely investigate in lab conditions the interplay between behavioral (motility) and physiological (NPQ) light response in natural MPB diatom biofilms, a process that is virtually impossible to study in situ. The results of our approach are described in § III-2-b (see also the section 'Work in progress', § I-2-b), here I will only insist on our methodological approach. The prime idea arose from the use of inhibitors on MPB diatom biofilm to separate diatom cell motility and NPQ light response (P17). NPQ is inhibited by the use of DTT (see § I-1), and motility by the use of Latrunculin A (Lat A) which inhibits actin filament contraction involved in cell diatom gliding without affecting photosynthesis [START_REF] Cartaxana | Inhibiting diatom motility: a new tool for the study of photophysiology of intertidal microphytobenthic biofilms[END_REF] (Fig. SR26A).

Fig. SR26. Effect of Lat A and DTT on a natural diatom MPB biofilm.

A-Variation of migration inhibition with the concentration of added Latrunculin A (Lat A) solution. B-Inhibition of NPQ as a function of concentration of added DTT solution. NPQ was induced upon exposure to 400 μmol photons m -2 s -1 . Adapted from P25.

An unexpected and interesting output, is our inability to fully eliminate DT and thus NPQ even upon the addition of high DTT concentrations (Fig. SR26B). We assume this is due to the synthesis of DT (prior to DTT addition) in the dark and thus anoxic subsurface layers of the sediment, known to occur in MPB diatoms [START_REF] Jakob | Unusual pH-dependence of diadinoxanthin de-epoxidase activation causes chlororespiratory induced accumulation of diatoxanthin in the diatom Phaeodactylum tricornutum[END_REF][START_REF] Serodio | Rapid light-response curves of chlorophyll fluorescence in microalgae: relationship to steady-state light curves and non-photochemical quenching in benthic diatomdominated assemblages[END_REF]. Because the DT-dependent induction of NPQ is inhibited by anoxia [START_REF] Cruz | Impact of chlororespiration on nonphotochemical quenching of chlorophyll fluorescence and on the regulation of the diadinoxanthin cycle in the diatom Thalassiosira pseudonana[END_REF], upon HL exposure, the oxygenation (by biofilm photosynthesis) of subsurface layers would allow for the observed NPQ regardless of DTT. Out of methodological considerations, the presence of DT in dark-acclimated MPB diatoms could be of ecophysiological interest. Indeed, as they spend most of their time (~18 h per day when only one diurnal emersion occurs) buried in sediment in the dark, MPB diatoms could accumulate significant amounts of DT (see [START_REF] Jakob | Unusual pH-dependence of diadinoxanthin de-epoxidase activation causes chlororespiratory induced accumulation of diatoxanthin in the diatom Phaeodactylum tricornutum[END_REF] that could ensure fast and strong induction of NPQ when diatom cells move upward along the sharp sediment light gradient.

The different treatment areas (control, +DTT, +Lat A) were isolated by disposing, in triplicates, plastic cores at regular intervals. The light treatments provided were either: ambient natural light and continuous HL delivered by a quartz white light source.

Photophysiology was assessed through RLCs by the use of a Water-PAM fiber version, which implied a single measurement on each sediment core, and thus a significant delay between replicate of the same treatment and between treatments. Sediment sampling for further pigment HPLC analysis was performed with a 'mini-spoon' and thus rather approximate as regards to the sampling-depth. Nevertheless, this first approach was successful and it left us with the feeling that 1) the use of inhibitors on naturally-forming biofilms works, 2) we need to refine our approach, especially to tackle the identified pitfalls concerning chlorophyll fluorescence measurements, light treatments, sediment sampling.

This is what we have done in our following studies (P25 and P35). The main improvements were:

-imaging of chlorophyll fluorescence; by using the Walz Imaging-PAM fluorometer (and later the PSI FluoCam, see Appendix 2), we introduced the use of multi-well plates (24 wells) in order to manipulate the sediment and multiply the treatments (introducing treatment combination, i.e. +Lat A+DTT, allowing for a better DTT effect, see § III-2-b and P25 for a detailed discussion about inhibitor issues) and the triplicates in a more reliable (owing to the previous homogenization of sediment) and convenient way (Fig. SR27A).

-light treatment; the use of the actinic light source (blue LEDs) of the Imaging-PAM (or of a digital projector, see Appendix 2) allows to perform 'light stress recovery' experiments in which samples are sequentially exposed to HL and then to LL, the regular sampling of Fs and Fm' during light induction and relaxation evaluates the evolution of the effective PSII quantum yield for photochemistry (ΔF/Fm' or Φ PSII) (Fig. SR27) as well as NPQ (see Appendix 3). Although moderate and maybe not (enough) ecologically relevant, the HL dose provided by the Imaging-PAM (P25) is a compromise between instrument limitation (maximal intensity reachable with the LED crown of the Imaging-PAM) and minimizing uncontrollable experimental conditions (excessive sample heating and desiccation, although light was provided with LEDs). Despite these limitations, this ex situ lab approach has the advantage over our previous study (P17) and others [START_REF] Serodio | Photosynthetic activity, photoprotection and photoinhibition in intertidal microphytobenthos as studied in situ using variable chlorophyll fluorescence[END_REF] -sediment sampling; the use of a new mini-core system (so-called 'crêmes brulées') [START_REF] Laviale | The "crème brûlée" sampler: A new high-resolution method for the fast vertical sampling of intertidal fine sediments[END_REF] which diameter is the same as the one of wells allows to sample sediment in a reliable way and at different depths (from 250 µm to 2 mm) for HPLC pigment (first 250-500 µm) and photosynthetic protein (first 500 µm) (see § III-2-b), analyses.

Photosynthetic protein analyses on sediment samples have been rare [START_REF] Hust | An immunochemical in situ approach to detect adaptation processes in the photosynthetic apparatus of diatoms of the Wadden Sea sediment surface layers[END_REF][START_REF] Cartaxana | Photoinhibition in benthic diatom assemblages under light stress[END_REF], and our work provides the first ever analysis of Lhcx proteins on field samples (P35).

III_ Ecophysiological response of diatom photosynthesis :

lab experiments with a field perspective This is probably the part of my research activity I like the most and I am the more proud of because it perfectly illustrates my personal need to permanently include my studies in a real, 'natural' framework. Probably the best proof of this is the repetitive intent to couple the physiological and ecophysiological sides of my NPQ-XC expertise in most of the successive reviews I participated to (P11r, P19bc, P23bc) with often significant part of the text devoted to this topic (P15r, P18r and P34bc). It started by the end of my Ph.D. Although the lab where I did my Ph.D. was very much focused on fine algal physiology in lab conditions, and although my Ph.D. supervisor was not so much interested in 'marine biology/ecology' considerations, she granted me the freedom to explore this track. I always have been attracted by environmental issues, and especially by the confrontation between, on one hand, the discoveries made under controlled conditions on model strains (like P. tricornutum) and on the other hand, the reality of the field (and especially the very different lab and in situ light climates) and the functional biodiversity of photosynthetic regulation (see for instance the recent reviews by [START_REF] Derks | Diverse mechanisms for photoprotection in photosynthesis. Dynamic regulation of photosystem II excitation in response to rapid environmental change[END_REF] and [START_REF] Goss | Biodiversity of NPQ[END_REF].

As a logic consequence, and because, only by considering a process like NPQ or the PSII CET, amplitude and/or mechanistic differences can be important between for instance pennate and centric representatives (see § I-1-c), I started with comparing the NPQ and XC peculiar features of P. tricornutum (see § I-1) with other planktonic diatom strains. The first purpose was to check if it would be possible to generalize these peculiar features or if P. tricornutum was some kind of an exception (P05). Of course the answer was yes and no (!).

From this first work, a new model strain arose: a naturally 'low NPQ' strain of Skeletonema costatum. Based on the clear differences of photosynthetic regulation between this strain and P. tricornutum, I started a series of comparative works that is still ongoing. The successive focuses were i) the light-dependent photoprotection vs. photochemistry balance (P14), ii) the NPQ mechanistic differences (P26), iii) the D1 repair cycle differences (P38). While part of this work supported the dissection of the fine regulation of the XC and NPQ alongside with the above described (see § I-1) different approaches on P. tricornutum, the main purpose of this series has been to accumulate convincing proves that 1) the fast regulation of photosynthesis, photoprotection, and especially NPQ, can be important, if not essential, for the light-response of diatoms in their natural environment, and 2) how it can potentially impact on the habitat distribution of strains/species as a function of the underwater light climate. The first point was furthermore deciphered in the framework of a collaboration with Christophe Brunet (Stazione Zoologica Napoli-Italy) (P33). The second point, i.e. how a physiological process as NPQ could be an important feature of the ecological diversity of diatoms, was first approached by a screening of several strains of planktonic diatoms originating from habitats characterized by different underwater light climate (P14) and it was further discussed based on recent discoveries on the NPQ mechanism (P26, see also § I-1-c).

Nevertheless, this first attempt had many defects (see § II-1-b below).

Based on this report, I was searching for a better model, and this is one of the reasons I got interested in microphytobenthic (MPB) diatoms inhabiting intertidal flats. We thus started a similar work as for planktonic diatoms comparing the light-response (fast photoprotective and photoacclimative) of the main growth forms of MPB diatoms, especially the motile epipelon and the sediment-attached epipsammon (P35). This study was very demanding but very successful in the end: we could confirm our primary hypothesis that NPQ-XC is indeed a crucial process for the ecophysiology and ecological diversity of diatoms, and we could extend it to the benthic habitat. In order to complete this first approach, we started to explore the effect of coupled environmental stresses MPB diatoms often experience in the field, on the light-response of representatives of the main growth forms. We first started with a straightforward approach coupling high salinity stress with moderate HL as encountered in spring-early summer (P36). In a second step, we focused on the HL-high temperature stress coupling as encountered in summer. Because they show a very unique inter-play between physiological and behavioral light-response, we decided to focus on motile epipelon but to work on natural MPB diatom communities (i.e. in sediment) including a latitudinal comparison between French and Portuguese habitats (P37). This study was the accomplishment of a preceding series of two pieces of works (P17, P25) in which we sequentially improved our technical expertise for analyzing the light-response of natural MPB diatom communities ex situ (see § II-3). It has been completed by a systematic investigation of light/temperature-response of epipelon representatives including XC-NPQ dynamics, Lhcx synthesis and a new physiological tool: the activity of the ROS scavenging network (unpublished data). Finally, we used the recent technical improvements brought by chlorophyll fluorescence imaging systems and LED panels (see § II-3) to explore the behavioral light-response of epipelon only, and especially how it responds to light quality, a question scarcely investigated before (see the section 'Work in progress', § I-2-b). This series of works on MPB diatoms well illustrate how we try to couple experimental approaches in controlled 'environmental conditions' (of light, temperature and salinity) on mono-specific diatom cultures and on natural MPB diatom communities in sediment in a field framework, i.e. by comparing lab work with in situ monitoring (see P36 and P37). I would have liked to reach such approach for planktonic diatoms but I did not achieve so far, mainly because of field access. Hopefully my new research activity at Université Laval-Canada on the Arctic phytoplankton, which is mainly composed of diatoms, will provide me this framework (see the section 'Future Research', § II-2).

For the sake of simplicity, the more detailed description of these works is below separated in the series dealing with planktonic diatoms and the series dealing with MPB diatoms. They were far from being performed alone. As regards to planktonic diatoms, I need to cite the essential inputs from 1) Robert Strzepek (now at the Australian National University, Canberra, Australia) which collaboration and inspiring work [START_REF] Strzepek | Photosynthetic architecture differs in coastal and oceanic diatoms[END_REF] have been fundamental for the maturation of the 'NPQ functional diversity' hypothesis; 2) Christophe Brunet (see above) who himself very much participated to the recent advances on the topic [START_REF] Dimier | Photoprotective capacity as functional trait in planktonic algae: relationship between xanthophyll cycle and ecological characteristics in three diatoms[END_REF][START_REF] Dimier | Comparative ecophysiology of the xanthophyll cycle in six marine phytoplanktonic species[END_REF] and with whom I had the luck to share expertise, especially in the framework of review papers writing (P18r and P23bc); 3) Doug Campbell (University of Mount Allison, New Brunswick, Canada) with whom I actually started to work in 2007 (although we achieved to finalize our collaboration only now (P38)), and with whom I will most probably go on collaborating on this topic in the framework of my new position in Canada (see 'Perspectives and Future Research').

As regards to MPB diatoms, I must cite the essential inputs by 1) Joao Serodio (University of Aveiro, Portugal) whom numerous works (too many to cite all of them !) have been inspiring and from whom I was lucky to learn everything about MPB diatoms, and more especially to witness and learn from his amazing technical skills; with Joao I must associate his post-doctorate fellow Martin Laviale (now at the University P. et M. Curie-Paris VI) whom expertise, enthusiasm and hard-worker ability were absolutely essential for the successful outcome of P37; 2) Vona Méléder (University of Nantes, France) for the access to the Nantes Culture Collection, the precious help in field monitoring as well as for sharing her knowledge of the phylogeny and ecology of the MPB diatom growth forms; 3) Koen Sabbe (University of Ghent, Belgium) for the access to the BCCM/DCG Diatoms Collection, sharing his knowledge of the phylogeny and ecology of the MPB diatom growth forms, learning us how to write a manuscript for a high-ranking journal as ISME Journal, and probably most of all for his trust in my supervision skills during working Lander Blommaert's visits to LIENSs; 4) Philippe Juneau (Université du Québec à Montréal) who brought his strong expertise in the ecophysiological analysis of microalgae (although he knew nothing about MBP diatoms !) to whom I need to associate Marcelo Pedrosa Gomes who worked very hard in adapting his plant-protocols ROS scavenging network analysis to diatoms (data under analysis not shown here).

III-1_ Planktonic diatoms

Planktonic diatoms live in a three-dimensional environment characterized by strong physical driving forces coupled with a depth-dependent attenuation of the irradiance. They usually undergo passive movements determined by their sinking rate and the water turbulence. Many studies (see P15r) have explored the in situ functioning of the XC and NPQ in planktonic diatoms in different habitats/ecosystems and in relation to changes of the diurnal, seasonal, and latitudinal underwater light climate. On a yearly scale, the pool size of DD-DT, the DES, and NPQ correlate well with day length and seasonal changes in irradiance.

On a daily scale, DT and NPQ track the course of the sun and the water depth, showing an increase at midday and in the upper layer of the water column. The dynamics of the XC and NPQ, together with other physiological light-responsive processes [START_REF] Depauw | Exploring the molecular basis of responses to light in marine diatoms[END_REF][START_REF] Wilhelm | Light acclimation in diatoms: From phenomenology to mechanisms[END_REF][START_REF] Wu | Photosystem II photoinactivation, repair, and protection in marine centric diatoms[END_REF], thus appear relevant for the regulation of photosynthesis in the mixed upper layer of the water column in most cases [START_REF] Alderkamp | Short-term photoacclimation effects on photoinhibition of phytoplankton in the Drake Passage (Southern Ocean)[END_REF] (this is probably best illustrated by the use of XC dynamics to trace the movements of water bodies [START_REF] Bidigare | Evaluation of the utility of xanthophyll cycle pigment dynamics for assessing upper ocean mixing processes at Station ALOHA[END_REF], see also P18r and P23bc). It is especially true in the context of a regular exposure to excessive light intensities coupled or not with other environmental stresses (nutrient deficiency, temperature, salinity, etc.). 30 years ago, pioneer works investigated the ecological niche occupancy of planktonic diatoms as a function of the underwater light environment [START_REF] Gallagher | Ecotypic differentiation in the marine diatom Skeletonema costatum: influence of the light intensity on the photosynthetic apparatus[END_REF][START_REF] Sakshaug | Thalassiosira oceanica and T. pseudonana: two different photoadaptational responses[END_REF]. Already at that time it was proposed that the differential XC-NPQ activity and efficiency may be influenced by ecological niche adaptation, i.e. the underwater light climate of the habitat from which the strains/ecotypes originate. In other words, the XC and NPQ efficiency would be a functional adaptive trait that would participate in the cost/benefit balance of photoadaptative strategies [START_REF] Mckew | The trade-off between the light-harvesting and photoprotective functions of fucoxanthinchlorophyll proteins dominates light acclimation in Emiliana huxleyi (clone CCMP 1516)[END_REF] and that could, in part, explain the strains habitat distribution and their temporal succession (a situation also true for sessile marine photosynthetic organisms like brown macroalgae, see P34bc). It was also suggested that the XC-NPQ diversity could be at the basis of the amazing capacity of diatoms, and other phytoplankton groups, to exploit the habitat-differences in underwater light climate and to occupy a wide range of ecological niches (see the work by Strzepek for a 'text book' example; [START_REF] Strzepek | Photosynthetic architecture differs in coastal and oceanic diatoms[END_REF]. Some recent works [START_REF] Dimier | Comparative ecophysiology of the xanthophyll cycle in six marine phytoplanktonic species[END_REF] even proposed a classification of ecological groups of phytoplankton, including diatoms, based on their XC dynamics.

The hypothesis of XC and NPQ as functional traits has been particularly investigated by a comparison of representatives of the main phytoplankton groups with a special interest to diatoms because of their ecological success and because they are among the best XC-NPQ performers. Now, we know that planktonic diatoms, and to a larger extent phytoplankton, show a large intergroup/species XC and NPQ diversity [START_REF] Goss | Biodiversity of NPQ[END_REF] Nevertheless, when I started these investigations on my own, there was not so much published but the pioneer works cited above and the ones of Casper-Lindley and Bjorkman (1998) and [START_REF] Meyer | Xanthophyll cycling in Phaeocystis globosa and Thalassiosira sp.: a possible mechanism for species succession[END_REF]. Since then there has been a wealth of literature on the topic, almost exclusively on planktonic diatoms, including comparison of strains/ecotypes from different pelagic marine habitats, with differential seasonal distribution, and with a growing interest for polar habitat representatives since the beginning of the 2010s (see the section 'Future Research', § II-2). This topic of the planktonic diatom ecophysiology, as well as the many examples of recent studies, have been sequentially reviewed since 2007 in several reviews/book chapters by myself, and with the significant input by Christophe Brunet: P15r, P18r, P23bc, P34bc.

III-1-a_ The differential NPQ regulation between diatom strains: P. tricornutum vs. S. costatum

Because the reasons for NPQ-XC differences between 'low NPQ' vs. 'high NPQ' cells have been largely described in § I-, I will not enter in details ( § III-1-a) and better focus on the possible ecophysiological consequences of such differences ( § III-1-b).

The main difference between the strains of P. tricornutum (P.t.2 strain) and S. costatum we examined is NPQ: it is ~2x higher in P. tricornutum independent of the light conditions (P05, P14) (Fig. SR28). The following paragraphs rapidly describe the reasons for this difference and the consequences on the S. costatum light-response (of course, for a reliable comparison, it was first checked that the general photosynthetic capacities of both strains were similar in our growth conditions, see P05 and P14). The differences in NPQ extent can be explained by the extent of Δ522 nm and of Chl a710-712 together with the distribution of DT within the photosynthetic machinery (see § I-1-a and § I-1-c). This is again very well illustrated by the peculiar NPQ vs. DT relationship (first built in P05 and refined in P26) (Fig. SR29). Nevertheless, this is independent of the total amount of DD+DT, of the DES, and of the rate for DT de novo synthesis; indeed, DES and DT de novo synthesis in S. costatum are similar and even stronger than in P. tricornutum (P05, P26). 

B-

As above described ( § I-1-c), and to summarize, a high NPQ ability (as observed in P.

tricornutum P.t.2 strain) mainly relies on 1) a high amount of DT which effectively participate to NPQ (Δ522 nm fingerprint) at Q2 site; 2) the capacity to form many/large functionally disconnected oligomeric FCP complexes (Chl a710-712 fingerprint) that build Q1 site in order to amplify the DT-dependent quenching process. These features are in dramatic contrast with the ones measured in S. costatum (P05, P14, P26), i.e. S. costatum is not able to build as many Q2 and Q1 quenching sites as P. tricornutum. This is well illustrated by the 2x times lower slope of the NPQ vs. DT relationship (Fig. SR29), and the lower Δ522 nm and Chl a710-712 (P05 and P26). The additional most relevant specific features of NPQ regulation in S. costatum are (Fig. These features, together with the virtual absence of a PSII CET (Fig. SR30) (which can explain in part the points i) and ii)) cannot promote a similarly strong and fast irradiancetuning of NPQ, including the rapid 'ON/OFF' phase around EK, as in P. tricornutum (P14).

The best illustration of this failure is the photoprotection (qN-NPQ) vs. photochemistry (qP) linear relationship observed in S. costatum and similar to the one of land plants (compare Fig. SR30 and§ I-1-a, Fig. SR6 above, P06 and P26). Importantly, not only the switching 'ON' of NPQ was not as flexible and fast but also the switching 'OFF', when irradiance decreases. This is may be the main feature that obviously reveals a different light-response strategy most probably based on an adaptation to a different natural light climate as compared to P. tricornutum and other strains (P05) (see § III-1-b below).

Ultimately, these differences lead to a higher susceptibility of S. costatum to photoinhibition during exposure to excess light and/or to a fluctuating light climate, negatively inferring on its photosynthetic productivity and growth (P14). More precisely, while under a moderate HL exposure (450 µmol photons m -2 s -1 ) the susceptibility to photoinactivation is similar in both trains (P14, P38), under an over-saturating light exposure (2000 µmol photons m -2 s -1 ), the rate of photoinactivation is ~20% stronger during the first 5 min rapid phase of O2-evolving PSII loss (see § I-1-a, Fig. SR7B) while this difference remains stable for the rest of the illumination (up to 45 min) (P05). Additionally, recovery from such light exposure was slower in S. costatum. When exploring the characteristics for the D1 repair cycle in both strains (P38), we discovered that in S. costatum, although the rate for damaged-D1 clearance (and further replacement by active D1) is low, it achieves to buffer PSII photodamage thanks to a 2x higher total PSII content including a significant initial reservoir of inactive PSII awaiting for immediate reassembly to the active form. This situation was exactly the opposite in P. tricornutum which can maintain a high ratio PSII active / PSII total thanks to a strong NPQ induction and a higher rate for damaged-D1 clearance.

Additionally, this study brought further evidence [START_REF] Wu | Distinctive photosystem II photoinactivation and protein dynamics in marine diatoms[END_REF][START_REF] Wu | Photosystem II photoinactivation, repair, and protection in marine centric diatoms[END_REF] that, in diatoms, together with the fast regulatory processes (NPQ, PSII CET), reassembly of PSII from its photodamaged to its active form is an essential mechanism to maintain the quantum yield of photochemistry when excess light exposure is prolonged.

To be complete, these data can be paralleled with the comparison of NPQ-qE regulation in P. tricornutum with other centric diatoms than S. costatum, and especially Cyclotella meneghiniana [START_REF] Goss | The importance of a highly active and delta-pH-regulated diatoxanthin epoxidase for the regulation of the PS II antenna function in diadinoxanthin cycle containing algae[END_REF][START_REF] Grouneva | A new multi-component NPQ mechanism in the diatom Cyclotella meneghiniana[END_REF][START_REF] Grouneva | The regulation of xanthophyll cycle activity and of non-photochemical fluorescence quenching by two alternative electron flows in the diatoms Phaeodactylum tricornutum and Cyclotella meneghiniana[END_REF]and P26).

III-1-b_ Habitat-related NPQ-XC difference, and importance for the ecophysiology of planktonic diatoms

The above described differences between P. tricornutum and S. costatum are not true for all diatoms strains: we have examined other marine planktonic species that show the same general NPQ characteristics (although there are differences in XC operation, see P05) as P. tricornutum (at least the P.t.2 strain) and especially the 1:1 NPQ vs. DT relationship for all light conditions (P05). This is true for Cylindrotheca fusiformis, Ditylum brightwelii and partially true for T. weissflogii.

Nevertheless, in that framework, the most interesting remain the differences in NPQ induction among planktonic diatom strains that we could extend beyond the P. tricornutum vs. S. costatum comparison (P26). We examined planktonic strains as representative of different marine habitats (estuary, semi-enclosed bay, coast, and open ocean) characterized by different rates of water mixing and hence underwater light climatesc (P14). Indeed, a light gradient exists in the marine environment that ranges from dynamic and turbid estuarine waters, characterized by light fluctuations with high amplitude and frequency (partly because of an active tidal hydrodynamism), to calmer and clearer oceanic waters characterized by a more stable average irradiance (sometimes illustrated by a seasonal stratification); coastal/bay waters being intermediary [START_REF] Macintyre | The effect of water motion on short-term rates of photosynthesis by marine phytoplankton[END_REF]. The estuarine strain (P. tricornutum) shows a higher NPQ than coastal and oceanic species (Fig. SR31). Within the same genus (Thalassiosira), NPQ clearly reflects the geographical origin of the isolates: NPQ is highest in the estuarine strain and lowest in the oceanic strain, whereas T. pseudonana, originating from a bay, shows intermediate NPQ induction. Extending these observations to strains/ecotypes of the same species, is the fact that the low NPQ P. tricornutum P.t.4 strain shows NPQ characteristics similar to the ones of S. costatum (see § I-1-b), and different from the P.t.2 strain shown here, P.t.4 originates from a high latitude marine habitat characterized by a stable low light environment [START_REF] Bailleul | An atypical member of the light-harvesting complex stress-related protein family modulates diatom responses to light[END_REF]. As said above, efficient photoadaptative strategy is not only based on a higher NPQ capacity vs. DT synthesis but it is also based on the fine tuning of photochemistry and NPQ vs. irradiance, an essential feature for which the PSII CET has an obvious and important role to play (see § I-2). Indeed, the rapid change in the distribution of photochemical vs. photoprotective allocation is of importance for cells that are rapidly mixed through a light gradient as, for instance, in estuarine habitats. If for instance, NPQ induced near the surface is not dissipated rapidly and nearly completely when the cells are mixed back to the bottom of the water column, their light-harvesting capacity, and thus their quantum yield for photochemistry and ultimately the photosynthetic productivity could be reduced.

Hence, in P. tricornutum, the sigmoidal photochemistry vs. photoprotection relationship (Fig. SR30 above) is more consistent with adaptation to low mean irradiance punctuated with episodic-regular exposure to over-saturating intensities that characterize the estuarine habitat.

Interestingly, the first-order reaction time constants of energy dissipation (via NPQ or PSII CET) are similar to the estimated time (few seconds) needed for the irradiance to double in estuarine waters [START_REF] Macintyre | The effect of water motion on short-term rates of photosynthesis by marine phytoplankton[END_REF], suggesting that the rapidity and flexibility of these coast mechanisms is well-suited for regulating photochemistry in such habitat. In contrast, the linear relationship observed in S. costatum is more consistent with adaptation to a more stable average irradiance characterized by slower light fluctuations, as is encountered in the clear water Mediterranean semi-enclosed bay this strain of S. costatum originates from.

Finally, because strain differences NPQ capacity is based more on the plastidic distribution of DT and its effective involvement in NPQ than on the total amount of DD+DT and the DES, the slope of the NPQ vs. DT relationship appears to be a good indicator of the adaptation of diatom strains to light (high slope = better adaptation to a highly fluctuating and/or on average HL climate) and, possibly, to an aquatic niche [START_REF] Dimier | Comparative ecophysiology of the xanthophyll cycle in six marine phytoplanktonic species[END_REF]and P05, P14, P26).

The above screening and the P. tricornutum vs. S. costatum series of works suggest that the habitat/ecosystem distribution of planktonic diatoms is likely influenced by their ability to cope with the underwater light climate, and especially with rapid vs. slow fluctuations in light intensity, punctuated by chronic excess light exposure, that are dictated by the rate mixing and light attenuation of waters. It confirms and provides an explanation at the molecular level to the numerous works that suggested that the diatom (and to a larger extent microalgal) inter-strains/species differences in XC-NPQ are involved in the differential colonization of marine habitats depending on the underwater light climate (see P34bc and references therein). Indeed, not only XC-NPQ was shown to significantly participate in the cellular response to fluctuating light laboratory conditions [START_REF] Wagner | Balancing the energy flow from captured light to biomass under fluctuating light conditions[END_REF][START_REF] Kropuenske | Photophysiology in two major Southern Ocean phytoplankton taxa: Photoprotection in Phaeocystis antartica and Fragilaria cylindricus[END_REF][START_REF] Mills | Photophysiology in two Southern ocean phytoplankton taxa: Photosynthesis of Phaeocystis antarctica (Prymnesiophyceae) and Fragilaria cylindrus (Bacillariophyceae) under simulated mixed-layer irradiance[END_REF]; and see P15r) but also to be important for maintaining the photosynthetic efficiency of diatoms in field situation [START_REF] Hashihama | Light acclimation states of phytoplankton in the Southern Ocean determined using photosynthetic pigment distribution[END_REF][START_REF] Van De Poll | Non-photochemical quenching of chlorophyll fluorescence and xanthophyll cycle responses after excess PAR and UVR in Chaetoceros brevis, Phaeocystis antarctica and coastal Antarctic phytoplankton[END_REF]and see P18r and P23bc). In that framework, we explored the dynamics of DD-DT, DES and NPQ by exposing the bloom-forming coastal model species Pseudo-nitzschia multistriata to near natural (as regards to light intensity and quality) light regimes with different rates of fluctuations over-imposed on the diel light cycle (similar to our approach described in § I-1-a, Fig. SR13) (P33). We found a flexible coupling between DD-DT and NPQ in relation to predictable (daily 'sine' light regime, dominance of the DD-DT synthesis response, confirming P27 findings) / unpredictable (mixing events, dominance of the NPQ response) changes in light climate; EK being a key parameter in modulating this response (see also § I-1). We concluded that this phenomenon might be a physiological adaptation of planktonic diatoms to thriving in coastal turbulent waters [START_REF] Strzepek | Photosynthetic architecture differs in coastal and oceanic diatoms[END_REF] where they often dominate the phytoplankton community. Such light-response would bring planktonic diatoms with a strong functional advantage in the competition for light which would explain the observed pattern of species succession related to water mixing independently of other environmental forcings (and especially nutrient availability) [START_REF] Huisman | Changes in turbulent mixing shift competition for light between phytoplankton species[END_REF][START_REF] Edwards | Functional traits explain phytoplankton community structure and seasonal dynamics in a marine ecosystem[END_REF].

Our results, as well as the numerous ones cited here and in P18r, P23bc and P34bc, provide an explanation at a physiological and molecular levels for the early 'Margalef's theory' [START_REF] Margalef | Life-forms of phytoplankton as survival alternatives in an unstable environment[END_REF]. Margalef and co-workers proposed that the competition amongst phytoplankton could be related to the upper ocean turbulence and the supply of nutrients. In that framework, diatoms face a strong ecological paradox: turbulent waters, which are often enriched in nutrients, allow them to maintain in the upper photic zone (otherwise they would sink into darkness due to the weight of their silicate cell-wall; [START_REF] Raven | The evolution of silicification in diatoms: inescapable sinking and sinking as escape?[END_REF], but somehow the 'price to pay' to be able to maintain in such habitat is an efficient flexibility in fast photosynthesis regulation. Interestingly, it has been debated how modifications in the upper-ocean turbulence may have shaped, via nutrient supply, the functional and evolutionary ecology of planktonic diatoms and may currently influence their geographical distribution [START_REF] Falkowski | The evolution of modern phytoplankton[END_REF][START_REF] Tozzi | Historical climate change and ocean turbulence as selective agents for two key phytoplankton functional groups[END_REF]. The recent series of work, including ours, strengthens and expands Margaleff's and Falkowski's theories by showing that the habitat distribution of diatoms might be influenced not only by the water turbulence-related nutrient availability but additionally by the underwater light climate, the ability for nutrient uptake and differential photoadaptative strategies (as observed for P. tricornutum and S. costatum) most probably influencing each other, and ultimately defining the success of a given diatom strain in a defined niche [START_REF] Strzepek | Photosynthetic architecture differs in coastal and oceanic diatoms[END_REF]. A similar proposal can be drawn for the crossed influences of light with temperature and/or salinity, especially during the seasonal succession of ice-related niches in polar systems (Petrou et al., 2011). In that respect, fast regulatory photosynthetic processes like XC-NPQ are important processes that have been likely participating to the formidable evolution and expansion of diatoms in the plankton [START_REF] Kooistra | The origin and the evolution of the diatoms: Their adaptation to a planktonic existence[END_REF][START_REF] Mock | Genomics and genetics of diatoms[END_REF] and to their current ecological success [START_REF] Armbrust | The life of diatoms in the world's oceans[END_REF].

Although very promising, this first attempt is not exempt of criticisms: i) a poor screening with only 5 strains including 3 from the same genus (Thalassiosira), ii) adaptation of one strain (T. oceanica) to other environmental factors, i.e. nutrient deficiency [START_REF] Strzepek | Photosynthetic architecture differs in coastal and oceanic diatoms[END_REF], iii) 1 pennate vs. 4 centric representatives, iv) different growth forms with isolated cells vs. colonial/chain forms, v) no real care of the potential influence of cell size [START_REF] Key | Cell size trade-offs govern light exploitation strategies in marine phytoplankton[END_REF], vi) the unclear light fluctuation rate vs. habitat relationship of the underwater light environment, i.e. it is often represented by gradients than by sharp differences.

III-2_ MPB diatoms

Because they inhabit sediments, MPB diatoms experience a different light climate than planktonic diatoms. The fluctuations of irradiance at the surface of bare flats are similar to those on a land surface, with the succession of emersion/immersion periods adding a regular, sharp light/dark photoperiod onto the diel solar light cycle. The vertical light field MPB experiences also depends on the light penetration in the sediment (Fig. SR32). Cohesive sediments ('mud') typically show a sharp photic zone reduced to the first ~500 µm of sediments, while in less cohesive sediment ('muddy sand') light penetrates deeper [START_REF] Kuhl | The light field of microbenthic communities: Radiance distribution and microscale optics of sandy coastal sediments[END_REF]. Additionally, and because intertidal flats are located at the cross-road between terrestrial and marine influences, MPB diatoms have to cope with other strong environmental driving forces (especially temperature, salinity and nutrients) [START_REF] Admiraal | The ecology of estuarine sediment inhabiting diatoms[END_REF][START_REF] Underwood | Primary production by phytoplankton and microphytobenthos in estuaries[END_REF][START_REF] Paterson | Microphytobenthos in contrasting coastal ecosystems: Biology and dynamics[END_REF]) (Fig. SR33 below). As a result, and due to the complex interplay between emersion timing, weather conditions and sediment composition, MPB diatoms are regularly exposed to extremely variable environmental conditions, over largely differing time scales (emersions, days and seasons) that generate stressful conditions and ultimately infer on their photosynthetic productivity [START_REF] Guarini | Modelling the dynamics of the microphytobenthic biomass and primary production in European intertidal mudflats[END_REF].

In temperate seas, intertidal MPB communities are largely dominated by diatoms, which display a high degree of taxonomic, phylogenetic and functional diversity [START_REF] Kooistra | The origin and the evolution of the diatoms: Their adaptation to a planktonic existence[END_REF]. Several growth forms can be distinguished, which mainly differ in their attachment mode and degree of motility (Fig SR33 ): 1) the epipelon (EPL) comprises larger (usually > 10 µm and up to 150 µm) motile diatoms, which can move freely in between sediment particles muddy-sand mud and typically form biofilms; 2) the epipsammon (EPM) groups smaller (usually < 10 µm) diatoms, which live in close association with individual sand grains; and 3) the tychoplankton (TYCHO), which is an ill-defined and rather enigmatic group of largely non-motile diatoms, which presumably have an amphibious life style (both sediment and water column) (for example: [START_REF] Sabbe | A new genus, Pierrecomperia gen. nov., a new species and two new combinations in the marine diatom family Cymatosiraceae[END_REF]. TYCHO (which is sometimes considered as resuspended EPL during immersion; [START_REF] Macintyre | Microphytobenthos: The ecological role of the 'secret garden' of unvegetated, shallow-water marine habitats. I. Distribution, abundance and primary production[END_REF] can live either as part of MPB or of phytoplankton, depending on the hydrodynamics [START_REF] Koh | Tidal resuspension of microphytobenthic chlorophyll a in a Nanaura mudflat, Saga, Arieke Sea, Japan: flood-ebb and spring-neap variations[END_REF]; it can contribute to up to one third of phytoplankton [START_REF] Guarini | Benthic contribution to pelagic microalgal communities in two semi-enclosed, European-type littoral ecosystems (Marennes-Oléron Bay and Aiguillon Bay, France)[END_REF][START_REF] Brito | Does microphytobenthos resuspension influence phytoplankton in shallow systems ? A comparison through a Fourier series analysis[END_REF]. Within the EPM group, non-motile (EPM-NM) species are firmly attached (either stalked or adnate) to sand particles, while motile forms (EPM-M) can move within the sphere of individual sand grains. These growth forms, show distinct distribution patterns in time and space, suggesting pronounced (micro)niche differentiation [START_REF] Haubois | Spatio-temporal structure of the epipelic diatom assemblage from an intertidal mudflat in Marennes-Oleron Bay, France[END_REF][START_REF] Méléder | Spatio-temporal patterns of microphytobenthos assemblages in a macrotidal flat (Bourgneuf Bay, Fr.)[END_REF][START_REF] Ribeiro | Structure and diversity of intertidal benthic diatom assemblages in contrasting shores: A case study from the Tagus estuary[END_REF][START_REF] Sabbe | Short-term fluctuations in benthic diatom numbers on an intertidal sandflat in the Westerschelde estuary (Zeeland, The Netherlands)[END_REF]. EPM dominates non-cohesive sandy sediments, while EPL dominates cohesive muddy sediments. Because of its reduced light field, EPL diatoms display vertical 'migration' following endogenous tidal/dial rhythms and environmental stimuli [START_REF] Admiraal | The ecology of estuarine sediment inhabiting diatoms[END_REF][START_REF] Consalvey | The ups and downs of life in a benthic biofilm: migration of benthic diatoms[END_REF]: typically, during daylight emersion, they migrate to the sediment surface where they form a dense biofilm, while before immersion starts they migrate downward to deeper sediment layers. To respond to their special light environment, as well as to the sometimes harsh conditions at the surface of sediment, MPB diatoms have evolved behavioral and physiological processes. EPL diatoms utilizes their motility i) to position themselves in sediment light gradient for an optimal photosynthesis [START_REF] Consalvey | The ups and downs of life in a benthic biofilm: migration of benthic diatoms[END_REF][START_REF] Ezequiel | Photoacclimation state determines the photobehaviour of motile microalgae: The case of a benthic diatom[END_REF], ii) to escape from prolonged exposure to -light penetrates deeper -buffering of pore-water S -low probability for HL+HS # Turbid water-column or buried in sediments: -low penetration of L -stable S or weak Δs -~0 probability for HL+HS excess light at surface (i.e. photophobic behavior) either by moving downward the sediment or by performing 'micro-migrations' within the biofilm itself to profit from cell self-shading [START_REF] Kromkamp | Determination of microphytobenthos PSII quantum efficiency and photosynthetic activity by means of variable chlorophyll fluorescence[END_REF]. The latter is part of the so-called 'behavioral photoprotection' hypothesis [START_REF] Admiraal | The ecology of estuarine sediment inhabiting diatoms[END_REF]. In addition, both motile and non-motile species use fast regulatory photoprotective processes, that is the 'physiological photoprotection' (see § I and § III-1). Thanks to both behavioral and physiological response, EPL diatoms have been claimed to be virtually immunized against photoinhibition [START_REF] Blanchard | Characterizing and quantifying photoinhibition in intertidal microphytobenthos[END_REF]Serodio et al., 2008).

Epipelon
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In that framework, the in situ light-response of MPB diatoms has received less attention than the one of their planktonic counterparts. This is may be due to their less obvious importance in the global marine primary production, and probably due to the technical challenge of measuring their photosynthetic activity in intertidal flats (see P19bc and § II).

The few in situ studies have shown that the DD-DT pool size and XC operation depends strongly on light and temperature as a function of the tidal cycle, season, and latitude [START_REF] Chevalier | In situ photosynthetic activity and xanthophylls cycle development of undisturbed microphytobenthos in an intertidal mudflat[END_REF][START_REF] Jordan | Diurnal changes of photoadaptive pigments in microphytobenthos[END_REF][START_REF] Van Leeuwe | Photacclimation in microphytobenthos and the role of the xanthophylls pigments[END_REF]. DES well correlates with higher daily and latitudinal irradiances, and with the cell's position within the sediments and along the intertidal elevation gradient [START_REF] Cartaxana | Physiological versus behavioral photoprotection in intertidal epipelic and epipsammic benthic diatom communities[END_REF][START_REF] Jesus | Adaptations of microphytobenthos assemblages to sediment type and tidal position[END_REF]. In general, NPQ correlates well with DES with an especially clear increase at midday emersion (exposure to high irradiance) in summer [START_REF] Chevalier | In situ photosynthetic activity and xanthophylls cycle development of undisturbed microphytobenthos in an intertidal mudflat[END_REF][START_REF] Serodio | Non-photochemical quenching of chlorophyll fluorescence and operation of the xanthophyll cycle in estuarine microphytobenthos[END_REF]. The seasonal pattern of NPQ is strongly influenced by both irradiance and temperature in a complex manner (Jesus et al., 2006b;[START_REF] Serodio | Non-photochemical quenching of chlorophyll fluorescence and operation of the xanthophyll cycle in estuarine microphytobenthos[END_REF]. This topic of the MPB diatom ecophysiology has been recently reviewed in P34bc.

III-2-a_ Growth form-and habitat-related NPQ-XC difference, and importance for the ecophysiology of MPB diatoms

# Light-response only Based on the above report ( § III-1-b), I was searching for a better model than planktonic diatoms, and after having discussed with Weibe Kooistra during a visit to the Stazione Zoologica in Naples in 2010, I got interested in microphytobenthic (MPB) diatoms inhabiting intertidal flats. Indeed, with MPB diatoms: i) the growth form diversity is rather well defined (apart from the thychoplankton group), ii) all strains are pennates, iii) the light climate of their respective habitat is well-defined, iv) after my hiring at the CNRS in LIENSs, I was granted a privileged access to the field and to the Nantes Culture Collection, it was rather easy to grow many strains in the lab. We thus started a 15 species screening including strains from the three major morphological growth forms: EPL, EPM and TYCHO, and within the EPM group we distinguished the motile (EPM-M) and the non-motile forms (EPM-NM) (P35). We could confirm our primary hypothesis that NPQ-XC is indeed a crucial process for the ecophysiology and ecological diversity of diatoms, and we could unambiguously confirm the 'behavioral photoprotection' hypothesis proposed 30 years before [START_REF] Admiraal | The ecology of estuarine sediment inhabiting diatoms[END_REF].

Although previous works hypothesized the existence of a trade-off between behavioral and physiological photoprotection mechanisms in MPB diatoms (based on a stronger XC in sandy vs. muddy sediments) [START_REF] Jesus | Adaptations of microphytobenthos assemblages to sediment type and tidal position[END_REF][START_REF] Cartaxana | Physiological versus behavioral photoprotection in intertidal epipelic and epipsammic benthic diatom communities[END_REF], our study was the first comprehensive comparison of the fast regulatory photosynthetic mechanisms in the main growth forms of MPB diatoms. By purpose, we worked on mono-specific cultures and we added no sediment so that the motile stains (EPL and EPM-M) were not able to position themselves in a light gradient, hence effectively incapacitating their behavioral response. This way, and in contrast to previous works [START_REF] Jesus | Adaptations of microphytobenthos assemblages to sediment type and tidal position[END_REF][START_REF] Cartaxana | Physiological versus behavioral photoprotection in intertidal epipelic and epipsammic benthic diatom communities[END_REF], we could selectively compare the physiological response of each strain and each growth form instead of a mainly motile or sediment particle-attached communities of a ~dozen of species.

Comparison of the physiological light-response was also possible thanks to the finding of growth conditions (at 20 µmol photons m -2 s -1 ) for which the growth rate and the main photosynthetic properties (content of the main pigments, Fv/Fm, EK, etc.) were not significantly different among growth forms. Additionally, we took care of including small and large species for all growth forms to rule out a potential size effect on the diversity of the functional light-response as often reported for phytoplanktonic diatoms [START_REF] Key | Cell size trade-offs govern light exploitation strategies in marine phytoplankton[END_REF] and phytoplankton in general (P18r).

Thanks to these precautions, we could reasonably compare NPQ, XC and PSII CET properties among the main growth forms of MPB diatoms, as well as investigating i) the photoacclimatory response to an increase in growth irradiance (from 20 to 75 µmol photons m -2 s -1 ), ii) the effect 'benthic' and 'planktonic' growth conditions on the TYCHO representatives. The major findings of this study are the following:

-in contrast to planktonic diatoms, the maximal PSII CET is rather similar among strains (it varies between ~1.5 and 3.5) with no significant difference between main growth forms, although a tendency for a higher (closer to 3) in EPM and lower (closer to 2) in EPL and TYCHO; thus PSII CET appears not as important as in planktonic diatoms (see § III-1-a above), may be because light fluctuations in sediments are not as dramatic as in the water column.

-NPQ capacity is significantly lower in EPL and TYCHO than in EPM, and within the later it is higher in non-motile strains compared to motile ones (Fig. SR34); NPQ difference is based on a stronger effective involvement of DT in NPQ as supported by the higher DT synthesis in EPM groups based on a higher DD-DT content (DES is similar among growth forms) and on a higher slope of the NPQ vs. DT relationship for EPM-NM, although for all growth forms it was far from the 1:1 optimum (~0.7 at maximum); although preliminary Lhcx immunodetection shows that NPQ difference could be additionally due to a differential Lhcx presence/synthesis (Fig. SR35).

-under higher light acclimation (i.e. 75 µmol photons m -2 s -1 ~ EK), that generates a high DD-DT and constitutive presence of DT, as often observed in field situation [START_REF] Van Leeuwe | Photacclimation in microphytobenthos and the role of the xanthophylls pigments[END_REF][START_REF] Cartaxana | Physiological versus behavioral photoprotection in intertidal epipelic and epipsammic benthic diatom communities[END_REF], all growth forms, including EPL and TYCHO, show a higher DT synthesis and NPQ, although inter-growth form differences remain the same.

-although showing similar low DT synthesis and NPQ, TYCHO has a different lightresponse than EPL to EK light acclimation; 'planktonic growth' did not bring further interesting data apart from the fact their growth rate is not affected by resuspension in contrast to some EPL and EMP representatives; NPQ and XC parameters (E50 and n, see § II-2-b) suggest that TYCHO is well adapted to its amphibious life style which is characterized by an average low irradiance [START_REF] Macintyre | Microphytobenthos: The ecological role of the 'secret garden' of unvegetated, shallow-water marine habitats. I. Distribution, abundance and primary production[END_REF]. By analogy with previous studies on planktonic diatoms ( § III-1), our data suggest that EPL and TYCHO diatoms are adapted to a less fluctuating light climate and/or to a lower average irradiance, and vice versa for EPM diatoms. This result fits well with the ecology of these growth forms. EPL is not only more abundant in muddy cohesive sediments where light penetration is more restricted than in sandy sediments [START_REF] Paterson | Microphytobenthos in contrasting coastal ecosystems: Biology and dynamics[END_REF][START_REF] Cartaxana | Physiological versus behavioral photoprotection in intertidal epipelic and epipsammic benthic diatom communities[END_REF], but, more importantly, their (micro-)migratory behavior allows positioning at the optimal irradiance in the vertical light gradient and rapid escape from periodic excess light [START_REF] Kromkamp | Determination of microphytobenthos PSII quantum efficiency and photosynthetic activity by means of variable chlorophyll fluorescence[END_REF][START_REF] Consalvey | The ups and downs of life in a benthic biofilm: migration of benthic diatoms[END_REF][START_REF] Serôdio | Microphytobenthos vertical migratory photoresponse as characterised by light-response curves of surface biomass[END_REF].

This alleviates the need to invest in a strong physiological capacity to respond to light stress, although the right balance between motility and physiology still remains essential (see § III-2b below). Such balance is even more crucial in the EPM-M species, which can move but have only limited control over their immediate light environment as movement is restricted, usually within the sphere of individual sand grains. As expected, they showed a significantly lower NPQ and a higher E50NPQ than EPM-NM, which have no behavioral control over their light environment. TYCHO typically alternates between resuspension in a highly turbid shallow water column at high tide and deposition and burial in the upper sediment layers of muddy sediments at low tide (deposition in sandy sediments does not occur because of the intense hydrodynamic disturbance in these sediments). As such, the TYCHO resembles planktonic diatoms adapted to subtle light fluctuations and/or on average low irradiance (see § III-1 above). Our results provide the first experimental evidence for the existence of a trade-off between behavioral (motility) and physiological (NPQ and the XC) light response in the major intertidal MPB diatoms growth forms. Remarkably, although motility is restricted to the raphid pennate diatom clade (i.e. the pennate diatoms EPL and EPM-M possess a raphe system that allows locomotion, while the attached EPM-NM are araphid), raphid pennate species, which have adopted a EPM-NM (for instance we examined Biremis lucens) or a TYCHO (Cylindrotheca closterium) life style, display the physiological photoprotective response typical of these growth forms (see P35 for further details). This observation underscores the importance of growth form and not phylogenetic relatedness as the prime determinant shaping the physiological photoprotective capacity of MPB diatoms. Our observations thus confirm (see § III-1 above) that photoprotective capacity in diatoms is a highly adaptive trait, which is to a certain degree constrained by clade-specific evolutionary innovations (the evolution of the raphe system and hence a behavioral response) but also, and more importantly, by growth form, which ultimately defines the balance between the physiological and behavioral photoprotective response (see § III-2-b below). As shown above for planktonic diatoms (see § III-1), such differential adaptation is of primary importance for the regulation of photosynthetic efficiency vs. light, because photochemical vs. tricornutum (see § I-1-b). For most of the others, the higher transcript level was maintained all along the 1 h HL exposure as well as during the subsequent 1h LL recovery.

This work owes to the essential input of i) Alexandre Barnett, my former Ph.D.

student at the University of La Rochelle, ii) Lander Blommaert, Ph.D. student at the University of Ghent I supervised during his working visits to LIENSs, iii) Pierre Gaudin, M2

student at the University of Nantes I co-supervised.

# Light-salinity coupled response

In intertidal flats, changes in light intensity at the surface of sediment during emersion are often coupled with other environmental modifications. For instance, HL stress, which is one of our main interest, is rarely observed alone and it very often occurs together with high temperature and high salinity. While the response of MPB diatoms towards temperature has been well investigated and identified as a major driving force of MPB photosynthetic productivity (see § III-2-b below), it is less the case of increased salinity in the uppersediment pore-water (low salinity coupled with nutrient gradient due to freshwater discharge was better studied; [START_REF] Underwood | Determining the environmental preferences of four estuarine epipelic diatom taxa: growth across a range of salinity, nitrate and ammonium conditions[END_REF][START_REF] Thornton | Factors affecting microphytobenthic biomass, species composition and production in the Colne Estuary (UK)[END_REF]. Furthermore, the effect of salinity-stress on the photophysiology of MBP diatoms has never been compared in the main growth forms, although it is known that sediment pore-water salinity differentially changes due to the degree of cohesion of sediment [START_REF] Paterson | Microphytobenthos in contrasting coastal ecosystems: Biology and dynamics[END_REF]. These were the objectives of the study we conducted (P36): i) to determine if a high salinity can enhance the negative effect of HL stress on the photosynthetic efficiency of MPB diatoms; ii) to determine if three representatives belonging to each of the growth forms of MPB diatoms react differently to a combined high salinity-HL stress; iii) to determine if the photophysiological response of the main growth form representative correlates to the light and salinity characteristics of their respective habitat.

Here I will only summarize the main findings, for a more complete discussion and literature overview of the salinity effect on the physiology of MPB diatoms, see P36. The photophysiology of representatives of the three main groups of intertidal MPB diatoms (i.e.

EPL, EPM-NM and TYCHO) differentially responded to a short (1 h) high salinity stress alone (up to 45) or combined with moderate HL exposure (600 µmol photons m -2 s -1 ), settings that mimic spring-early summer emersion conditions as monitored in situ in intertidal flats along the Atlantic French coast. Their response included differential induction of DD deepoxidation, NPQ, as well as modification in EK and rETRmax, and the different levels of sensitivity ultimately generated (or not) a significant decrease in the effective quantum yield of photochemistry (ΦPSII). While the representative of EPL (Navicula phyllepta) was relatively insensitive to these conditions, the TYCHO representative (Plagiogrammopsis vanheurckii) was highly sensitive to both, and the EPM-NM representative (Biremis lucens)

was sensitive mainly to the stress combination. These specific responses fitted well with i) their natural habitat (i.e. more or less cohesive sediment, i.e. 'mud' vs. 'muddy sand') for which light climate and changes in salinity differ; ii) their growth form (i.e. motile, immotile or amphibious) which determines their probability to be confronted to a combined high salinity-HL stress, and their capacity to eventually escape from it (i.e. EPL). Indeed, similar to the habitat-related light climate differences, salinity changes differ in EPL, EPM and TYCHO preferential niches as we monitored in situ (for EPL and EPM): i) in mud cohesive sediment, the EPL habitat, the pre-water salinity can highly (Δ5) and rapidly (within 1.5 h) change and reach extremes (up to 55-60 in Southern Europe intertidal flats), this is probably due to the trapping of pore-water sediment in the upper layers (first 0.5 cm) and its subsequent high evaporation due to high temperature and/or wind-driven desiccation [START_REF] Paterson | Microphytobenthos in contrasting coastal ecosystems: Biology and dynamics[END_REF][START_REF] Sauer | Effect of salinity, light and time on the vertical migration of diatom assemblages[END_REF]; ii) in muddy-sand less cohesive sediment, the EPM habitat, salinity changes are well buffered by, probably, up-ward and horizontal diffusion of ~33 salinity porewater; iii) in the water column, part of the TYCHO habitat, salinity is most often ~33 and can only decrease with estuarine river discharge, hence TYCHO can experience higher salinity only when settled at the surface of flat.

Although light and temperature are regarded as major drivers of the photosynthetic productivity of MPB in Western Europe intertidal flats (see § III-2-b below), salinity increase during emersion obviously can non-negligibly modulate the MPB photosynthesis when it is combined with HL (and temperature) according to the weather conditions and sediment type.

It nevertheless 1) appears mostly restricted to EPM and TYCHO when settled at the surface of sediment, and 2) in field conditions, although HL-high salinity conditions can occur while temperature being optimal (during sunny and windy spring-early summer day on the Western Atlantic coast of Europe), and although its effect is likely stronger than in our study (restricted to 1 h stress exposure), its effect might be low compared to HL stress alone.

Together with the light-response, it was possible to draw the following scheme summarizing the ecophysiological response of MPB diatom growth forms (Fig. SR36). 
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III-2-b_ EPL MPB diatoms: the interplay between behavioral and physiological response

Since the early 'behavioral photoprotection' hypothesis [START_REF] Admiraal | The ecology of estuarine sediment inhabiting diatoms[END_REF][START_REF] Kromkamp | Determination of microphytobenthos PSII quantum efficiency and photosynthetic activity by means of variable chlorophyll fluorescence[END_REF], and although the knowledge about the diatom physiological light-response has been growing (see § I and § III-a), only few works had really investigated the interplay between both [START_REF] Mouget | Migration or photoacclimation to prevent high irradiance and UV-B damage in marine microphytobenthic communities[END_REF][START_REF] Serodio | Photosynthetic activity, photoprotection and photoinhibition in intertidal microphytobenthos as studied in situ using variable chlorophyll fluorescence[END_REF]: is one relatively more important than the other ? If yes, under which environmental conditions ? Etc. For that reason, and thanks to recent parallel technical improvements (see § II-3), we decided to explore these questions with a 'fresh' point of view (especially for me who barely knew nothing about this topic when I started my position in LIENSs in 2008). Our first work (P17) was, to our knowledge the first attempt to systematically investigate the relative importance of motility vs. XC-NPQ by specifically inhibiting one or another or none (see how in § II-3). Our works indeed profited from the recent advances in the use of a new inhibitor of diatom cell motility, Latrunculin A (Lat A) [START_REF] Cartaxana | Inhibiting diatom motility: a new tool for the study of photophysiology of intertidal microphytobenthic biofilms[END_REF] and of imaging chlorophyll fluorescence systems, together with our input into using such tool for studying the ecophysiological response of natural MPB diatom communities (see § II-3 for further details). Indeed, in order to investigate the interplay between behavioral and physiological response of EPL diatoms, it is needed i) to work on fresh sediment, ii) to simultaneously assess the photosynthetic diatom biomass present at the surface of sediment (basal Fs level used as biomass proxy, Jesus et al., 2006a) and their photosynthetic activity (ETR vs. E and NPQ vs. E curves, see § II-2-b). In a first step, we focused on the exclusive effect of HL (P17 and P25), and in a second step we got interested in the coupling between HL and high temperature stress (P37).

# Light response only: seasonal and latitudinal response This aspect was investigated in a series of three works (P17, P25 and P37) for which our approach was sequentially improved and completed (see § II-3). Our first attempt (P17) (experiments were actually performed in 2008) was rather raw, including (to my mind) technical defects: i) the resolution of the time series that did not allow to measure the shortterm dynamics of NPQ induction, ii) the dosage of DTT in sediment to reach a maximal, if not total, inhibition of DD de-epoxidation and thus NPQ. Based on our subsequent tests (see § II-3, Fig. SR26 above), the DTT concentration used was too weak to even significantly inhibit DD de-epoxidation in sediment (at that time, concentration was based on liquid cultures experiments, see P02, which was a misjudgment); also the fact of using DTT without first blocking the biofilm at the surface of sediment with Lat A increased the DTT 'dilution' effect in sediment pore-water, a mistake we did not reproduce during the following studies (P25, P37). Interesting data were nevertheless gathered, and this study had the merit to pave the path to the following ones. The main conclusion was that the primary light-response of MPB diatoms to HL is vertical motility, which when inhibited by Lat A results in severe photoinactivation-photoinhibition. Of course, this conclusion was obviously mistaken by our bad DTT treatment.

Our second trial was more convincing because more technically refined and introducing a new protocol for distinguishing motility from physiology (P25, see § II-3, Fig. SR27 above). The purpose of this work was to start addressing different questions as: i) How efficient are photoprotective processes in preventing photoinhibition in MPB diatom biofilms ?, ii) What is the relative contribution of vertical motility and XC-NPQ for overall photoprotection ?, iii) To what extent does photoinhibition occur in natural MPB diatom communities ? These questions were addressed by testing the influence of the photoacclimatory state (i.e. seasonal light history) on physiological response ability, and susceptibility to photoinhibition by sampling MPB diatom biofilms in sediment in a temperate intertidal mudflat close to La Rochelle area (bay of l'Aiguillon) at two seasons (spring and autumn) with a global solar radiation 2x higher in spring. By exposing biofilms to a 3h HL stress (1200 µmol photons m -2 s -1 ), MPB diatom communities show i) a maximal 25% photoinhibition, ii) ~20% of the photoprotective light-response shared between vertical motility and physiology, iii) a seasonal-dependent photoacclimatory response illustrated by a lower HL susceptibility in spring including a stronger physiological response (XC-NPQ) as compared to motility. To our knowledge, this is the first study revealing a relationship between the photoacclimatory status and the ability for photoprotection in natural MPB diatom communities (reported in parallel for mono-specific MPB and planktonic diatom cultures, see § III-2-a and § I-1-a, respectively).

As regards to the three questions above, the first central finding is that photoinhibition (as we measured it, see below) is relatively low, indicating overall photoprotection to be particularly efficient as previously observed with different approaches [START_REF] Blanchard | Characterizing and quantifying photoinhibition in intertidal microphytobenthos[END_REF][START_REF] Mouget | Migration or photoacclimation to prevent high irradiance and UV-B damage in marine microphytobenthic communities[END_REF][START_REF] Serodio | Photosynthetic activity, photoprotection and photoinhibition in intertidal microphytobenthos as studied in situ using variable chlorophyll fluorescence[END_REF] (but see field experiments, § IV-1). The second finding is that vertical motility and XC-NPQ can compensate themselves to maintain an overall photoprotection capacity; apparently this balance is related to the photoacclimatory status of MPB diatoms. The third and somehow surprising finding (although it might be inherent to our approach), is that, although motility and XC-NPQ are usually considered as the main photoprotective processes in EPL, they can only explain at maximum 25% of the overall light-response. If true, this observation suggests the potential important role of other parallel processes as, for instance, the PSII CET ( § III-1-a) and the D1 turnover rate ( § III-1a).

Our approach is not exempt of criticism, especially as regards to the distinction between photoprotection and photoinhibition based on the respective qE and qI computation from recovery kinetics of chlorophyll fluorescence (see § II-3, Fig. SR27 above). Indeed, in diatoms a sustained quenching component due to the slow recovery of the Q1 site-quenching part (see § I-1-c) could generate an over-estimation of qI as compared to qE; If true, this assumption means that photoinhibition as measured with qI would even be lower than the ~20% reported here. This being said, our measurements were performed ex situ with a relatively moderate light dose (3h, 1200 µmol photons m -2 s -1 ) compared to extreme in situ light conditions (see § II-3 for further discussion on the light limitations), and most of all with no additional environmental stresses associated with HL (high temperature, see below; high salinity, see § III-2-a above; etc.) and as observed from in situ measurements, photoinhibition can be strong under harsh summer conditions (see § IV-1). Other factors (depth-integration effect of sub-surface fluorescence, rhythmic migration of epipelic MPB diatoms, see the section 'Work in progress', § I-2-b below) can negatively infer on the photoprotection vs. photoinhibition assessment (see P25 for further details).

Our third trial was performed with the same protocol on natural MPB diatom community from the same site sampled in July and compared with a community sampled at the same period in Portugal (ria de Aveiro). The main objective was to look for a potential adaptation of EPL diatom community to the differential latitudinal light dosage during emersion. Additionally, we introduced new physiological tools: i) the immunodetection of Lhcx proteins, to our knowledge this is the first report of Lhcx immunodetection on natural samples; ii) the Chl a allomerization ratio which informs on the level of oxidative stress.

In agreement with our two previous works i) photoinhibition (as measured by the decrease in ΦPSII, Fig. SR37A) remains moderate and even at a lower level, probably because the MPB diatom community is HL (i.e. summer)-adapted, and ii) the MPB diatom community that was prevented of motility by Lat A suffered a stronger photoinhibition that we could attribute, at least in part, to photooxidative damages likely due to the generation of ROS [START_REF] Cartaxana | Photoinhibition in benthic diatom assemblages under light stress[END_REF], as proved by the increase in Chl a allomerization (Fig. SR37B). Also similar to our previous studies was the significant involvement of NPQ in the photoprotective light-response (Fig. SR37C) which is coupled with a strong DES, especially when motility is inhibited (Fig. SR37D), and with de novo synthesis (i.e. increase in DD-DT, not shown). Interestingly and complementary to before, higher DT content is only marginally invested in NPQ and likely more in ROS scavenging and prevention of lipid peroxidation (see § I-1-a). Aside from our deepen ability to analyze natural MPB diatom communities in sediment (completed with the recent quantification of D1 protein degradation by J. Serodio's group; [START_REF] Cartaxana | Photoinhibition in benthic diatom assemblages under light stress[END_REF], probably the most significant novelty was the immunodetection (but no absolute quantification) of Lhcx proteins (Fig. SR38). Based on our acquired knowledge in P. tricornutum (see § I-1-b), we were able to identify isoforms that well react to HL with a clear up-regulation when motility was inhibited: Lhcx3 (already present under LL) and Lhcx 24 kDa unknown in P. tricornutum (which synthesis is triggered by HL). As in P. tricornutum, Lhcx is thus part of the light-response together with NPQ and DT synthesis in natural diatom communities, and, as reported before, behavioral and physiological responses compensate themselves to the finest level. Even more striking is the strong up-regulation of Lhcx3 and Lhcx 24 kDa to Lat A under LL (Fig. SR38, better seen on Our search for a latitudinal adaptation was successful. The 'Portuguese' MPB diatom community showed a lower HL-sensitivity (see Fig. SR39 below, 27°C data) including a nearly null photoinhibition when motility was not abolished. According to our measurements the stronger photoprotective light response was better supported by a stronger physiology partly based on a higher NPQ and Lhcx3 up-regulation (Fig. SR38).

# Light-temperature coupled response: latitudinal response The above '3 rd trial' experiments were performed at 27°C, ~the optimal temperature for the photosynthesis of natural MPB diatom communities [START_REF] Blanchard | Seasonal effect on the photosynthesic capacity of intertidal microphytobenthos and temperature[END_REF]. These authors additionally showed that in conditions where photosynthesis is light saturated, MPB diatoms can respond to a transient (i.e. hours) temperature increase if it remains within a 25-35°C range. Based on this knowledge and on our field monitoring (see below), we exposed the same two MPB diatom communities to 37°C in combination or not with a HL stress. The high temperature exacerbates the negative HL effects (Fig. SR39) in both communities, and the photoprotective light-response was accordingly stronger: i) higher NPQ (increase from ~3-4 to ~4-5), ii) higher DD-DT (increase from ~30 to ~50 DD-DT mol 100 mol Chl a -1 ) but similar DES, iii) higher Lhcx synthesis even under LL (Fig. SR40), a feature also reported in studies using mono-specific cultures of planktonic diatoms [START_REF] Wu | Photosystem II photoinactivation, repair, and protection in marine centric diatoms[END_REF]. The latitudinal effect was exacerbated as well with significantly less photoinhibition in the 'Portuguese' MPB diatom community in HL+37°C conditions, motility being abolished or not (Fig. SR39). The output of our lab experiments was well supported by our in situ monitoring (Fig. SR41). Indeed, not only the later (Fig. SR41A-B) helped us to design ex situ suitable light and temperature conditions and combination (see the Table S1 of the Supplementary Material of P37 for further details), but it additionally backed-up our data. Indeed, we could witness in both MPB diatom communities: i) similar average NPQ values as we found in the lab (~3-4 with maximums at 5-6) (Fig. SR41C-D); ii) similar drop-down (to ~0.4) of ΦPSII (Fig.

SR41C-D)

, and even stronger at 37°C under lab conditions arguing for a significant stress compared to the field situation. This argues for a reliable lab experimental set-up as compared to the reality of the field.

Additionally, field monitoring helped us to measure the emersion dynamics of ΦPSII and NPQmax (Fig. SR41C-D) and to complete and confirm our more static lab experiment output. For instance, the general trend of a more HL and high temperature resistant MPB diatom community in Portugal is backed-up by the time-course and level of ΦPSII that is comparable between both sites despite the potentially more stressful conditions at the Portuguese site (similar light conditions but 8-9°C higher average surface temperature). Here we could also profit from the in situ monitoring to confirm that the average Hence, with this study we went a step further in combining lab and field approaches than we did before with the light-salinity effect study (see § III-2-a above). To our knowledge, this is the first study that shows that on intact migratory MPB diatom biofilms, high temperature and HL act synergistically in decreasing photosynthesis, a feature so far reported only for individual species [START_REF] Salleh | The effects of temperature on th photosyntheti parameters and recovery of two temperate benthic microalgae, Amphora cf.coffeaeformis and Cocconeis cf. sublittoralis (Bacillariophyceae)[END_REF]. Other works have shown that temperature alone impacts photosynthesis in MPB diatoms, in mono-specific cultures [START_REF] Morris | Influence of temperature on the relationship between oxygen-and fluorescence-based estimates of photosynthetic parameters in a marine benthic diatom (Cylindrotheca closterium)[END_REF][START_REF] Yun | Photosynthetic activity of benthic diatoms in response to different temperatures[END_REF], MPB suspensions [START_REF] Blanchard | Seasonal effect on the photosynthesic capacity of intertidal microphytobenthos and temperature[END_REF] and intact MPB communities [START_REF] Vieira | Effects of short-term changes in sediment temperature on the photosynthesis of two intertidal microphytobenthos communities[END_REF]. Except from van Leeuwe et al.

(2009) in which the role of sediment habitat and the mix between EPL and EPM communities (see § III-2-a above) cannot be ruled out, this is also the first study that shows a latitudinal photoadaptation of EPL diatom communities, and may be a thermal adaptation too (also this is more difficult to ascertain from our data, see the discussion P37 on that topic) as experienced by MPB diatoms during successive diurnal emersions. Hence, we can complete the scheme summarizing the ecophysiological response of EPL diatoms (Fig. SR42). Our study brings a physiological basis to the previously reported depression of MPB photosynthetic productivity in summer [START_REF] Guarini | Modelling the mud surface temperature on intertidal flats to investigate the spatio-temporal dynamics of the benthic microalgal photosynthetic capacity[END_REF][START_REF] Guarini | Modelling the dynamics of the microphytobenthic biomass and primary production in European intertidal mudflats[END_REF] and/or during heat-wave events [START_REF] Brito | Seasonality of microphytobenthos revealed by remote-sensing in a South European estuary[END_REF] (see also § IV-1). They emphasize the joint role of temperature and light in limiting, at least transiently (i.e. during emersion), the photosynthetic activity of MPB diatom biofilm in situ. They confirm that high temperature, together with HL, is an important environmental driver that supports seasonal, spatial and potentially latitudinal MPB biodiversity and biomass distribution at the scale of intertidal mudflats along the Atlantic coast of Western and Southern Europe [START_REF] Guarini | Modelling the mud surface temperature on intertidal flats to investigate the spatio-temporal dynamics of the benthic microalgal photosynthetic capacity[END_REF][START_REF] Guarini | Modelling the dynamics of the microphytobenthic biomass and primary production in European intertidal mudflats[END_REF][START_REF] Brito | Seasonality of microphytobenthos revealed by remote-sensing in a South European estuary[END_REF]. This is the most frustrating part of my research activities so far for the main reason that a lot has been done and few is published; actually I could have as well included the majority of this part in the section 'Work in Progress', or may be better said 'in Endless Progress'. Hence, the following section highlights our main findings so far (as far as we went analyzing the wealth of in situ data we have generated) with a limited discussion as, I have to confess, I have still limited expertise on that aspect, especially as regards to the literature.
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Hence, and unfortunately, this section might appear rather descriptive. This somehow negative report might nevertheless simply be inherent to the difficulty of analyzing field data per se, and also to the way we analyze these data, i.e. use the lab experiments output (see § III-2) to helps us better understand the output of our field monitoring. This strategy of coupling field monitoring and lab experiments indeed constitutes a precious intermediary to in situ monitoring 'alone', and it has been a reinsuring step to confirm we have been on the right track (at least we believe we are). As discussed thoroughly in § III-2-b, the idea here is not only to help us design ex situ suitable environmental conditions and environmental factor combinations, as we did with light, salinity and temperature (P35, P36 and P37), but also to back-up our lab data and confirm our static experimental ex situ approach with the dynamic and complex in situ reality (P36 and P37).

Although obvious, this approach seems surprisingly scarce and rather innovative, and of iii) to two 'ensemble publications' that explain the main ecological features of the intertidal mudflat of Brouage: 1) features that ensure the feeding of migratory shore-birds in winter (P29), 2) features of the benthic-pelagic coupling during the regular emersion-immersion alternation (P32). 

IV-1_ In situ complex environmental control of the MPB diatom photosynthesis

Most studies on natural MPB diatom communities, show two main features: i) either they were performed ex situ on freshly collected sediment (see § II-2-b), and/or ii) although performed at different seasons [START_REF] Kromkamp | Determination of microphytobenthos PSII quantum efficiency and photosynthetic activity by means of variable chlorophyll fluorescence[END_REF], they were punctual and thus they mainly took into account the dynamics of photosynthesis over emersion only [START_REF] Brotas | In situ measurements of photosynthetic activity and respiration of intertidal benthic microalgal communities undergoing vertical migration[END_REF][START_REF] Serodio | Photosynthetic activity, photoprotection and photoinhibition in intertidal microphytobenthos as studied in situ using variable chlorophyll fluorescence[END_REF][START_REF] Chevalier | In situ photosynthetic activity and xanthophylls cycle development of undisturbed microphytobenthos in an intertidal mudflat[END_REF]. One of the main drawbacks of these approaches was the duration of the experimental environmental stress combination (typically few hours to mimic an emersion) or of the in situ monitoring (at best several non-consecutive days over a season or a year [START_REF] Kromkamp | Determination of microphytobenthos PSII quantum efficiency and photosynthetic activity by means of variable chlorophyll fluorescence[END_REF][START_REF] Serodio | Photosynthetic activity, photoprotection and photoinhibition in intertidal microphytobenthos as studied in situ using variable chlorophyll fluorescence[END_REF]. In these conditions, the cumulative effects on the regulation of MPB diatom photosynthesis, and especially the deleterious effects, of the synergic strong co-variation of environmental forcings could not be taken into account. That was the objective of this study to fill the gap between short-term ex situ studies and field investigations. In order to do so, EPL diatom photosynthesis and biomass were measured during diurnal emersions over an entire tidal cycle (9 to 15 consecutive days) at two contrasting seasons (winter and summer) together with a complete environmental monitoring (light, temperature, salinity, nutrients and sediment water content). For the first time (to our knowledge), our approach allows to take into account the cumulative effects of the co-variation of environmental forcings, under contrasting conditions, and over several consecutive days, on the in situ dynamics of MPB diatom photosynthesis regulation.

For the main photophysiological parameters (ΦPSII, α, EK, rETRmax, NPQ) determined by RLCs (see § II-2-a), we generated an extensive series of data at different time-scales: i) hour, ii) diurnal emersion, ii) tidal phase (typically 15 days), iii) season (see Fig. SR43 for an example with NPQ). After statistical analysis, we defined periods during which environmental conditions, and especially light intensity, were similar in order to facilitate our analysis (Fig. SR44 for an example with rETRmax and NPQ). So far, our main findings are the following. Although in winter the temperatures were below 10°C some days, Chl a biomass was high (Fig. SR45), ΦPSII remained high (~0.6) but rETRmax was constrained by low irradiance (Fig. SR44). NPQ was relatively high (~3) and there was a strong migration activity as illustrated by the dynamics of vertical Chl a biomass (Fig. SR45). At the end of the winter survey (22th-24 th of February), when irradiance and temperatures increased (~15°C), rETRmax increased and NPQ strongly decreased (~1), probably because the excitation pressure on PSII was lower: these conditions were actually the most productive of our survey (see also P29). On the opposite, ΦPSII dramatically decreased (~0.2-0.3) with high irradiance and temperature in summer (from the 16 th of July on) illustrating a strong photoinactivation and/or a strong NPQ (see below). rETRmax also strongly decreased to maintain at a level similar to the one observed in full winter (Fig. SR44). Motility was limited (as illustrated by the Chl a vertical biomass, Fig. SR45), probably by sediment desiccation (as illustrated by the very high salinity), and surficial Chl a biomass was very constrained by a strong grazing. Consequently to low migration, NPQ was high (~4-5; similar as in P37, see § III-2-b) (Fig. SR44). Summer situation means that from a diurnal emersion n to the emersion n+1 the MPB diatoms were unable to recover from the preceding harmful exposure when harsh conditions persist over several days. Although in-between successive emersions MPB diatoms spend several hours in the dark, it appears they can suffer from a cumulative light dosage, most probably accentuated by high temperature and high salinity, over successive emersions when stressful situation maintain. Nevertheless, their light-response is highly dynamic as, when there was one day (the 25 th of July) of more favourable light conditions (a cloudy day) that occurred after 9 consecutive days of maximal irradiance (Fig. SR43), ΦPSII and rETRmax promptly increased and NPQ decreased, recovery from environmental stresses is thus highly efficient in MPB diatoms. In general, NPQ is highly dynamic at all time scale, especially, and as expected, at hourly-and emersion-scales well confirming how it fits with field irradiance fluctuations (Fig. SR46). This is also the case for ΦPSII for instance, while a larger part of variation for rETRmax and EK can be explained at the seasonal level instead (Fig. SR46).
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IV-2_ In situ differential EPL vs. EPM MPB diatom light-response

Complementary to the above approach and to our works on the functional diversity of light-response among EPL and EPM diatoms (P35 and P36, see § III-2-b), we performed a short survey (3-4 consecutive days) in spring and autumn (contrasting light and temperature + more fluctuating conditions compared to summer at least) and in two sites with different sedimentology (see § III-2): i) the same Brouage mudflat as above where assemblages of EPL species dominate [START_REF] Haubois | Spatio-temporal structure of the epipelic diatom assemblage from an intertidal mudflat in Marennes-Oleron Bay, France[END_REF], and ii) the Liarne (bay of Bourgneuf, 44) bare mudflat where assemblages of EPM species dominate (at least the area where we sampled) [START_REF] Méléder | Spatio-temporal patterns of microphytobenthos assemblages in a macrotidal flat (Bourgneuf Bay, Fr.)[END_REF], although note that here it is impossible to distinguish EPM-NM from EPM-M.

While we did not analyze all data of all days for the two seasons yet, the currently available set for spring remains informative (Table SR3). When selecting one day of our spring survey that shows similar PAR, light dose and temperature over the diurnal emersion, we can compare photophysiological parameters as determined by RLCs and analyzed (for NPQ) with our model (P22, see § II-2-b). The 'classical' rETR vs. E curve parameters (rETRmax, EK, α) show a similar pattern as in EPL and EPM-NM mono-specific cultures (see P35, Table 3), i.e. for a similar α, rETRmax and EK is higher for the EPL community. More interesting are the NPQ parameters: while E50NPQ fits with what we measured in monospecific cultures (i.e. higher E50NPQ in EPL due to their motility and vice versa for EPM, P35, Table 4), NPQmax is i) higher than in lab conditions as also reported during our environmental monitoring in two other EPL-dominated sites (P38, see § III-2-b), ii) similar in EPL and EPM communities (~3,6). The higher general NPQ can be explained by the more stressful light in situ conditions together with the combination with other environmental cues (temperature, salinity, etc.) potentially increasing the light effect (see § III-2). SR3, see also § II-2-a. E and E50NPQ are in µmol photons m -2 s -1 ; L dose is in mol -2 ; for the other parameters see the Table at the end of the 'Scientific Framework' section, p 71.

E

The similar NPQmax is well explained by the DD-DT properties (Table SR4 and Fig.

SR47 below)

. While DD+DT amount is similar to EPM species grown in our lab conditions at 20 µmol photons m -2 s -1 (see P35, Fig. 3), the one of the EPL community is higher, even when cells were grown at 75 µmol photons m -2 s -1 arguing for a strong HL acclimation (see § I-1-a).

In contrast DES is similar to the DESmax observed in mono-specific cultures (see P35-Table 4) and higher for the EPM community, as expected. As a consequence, DT synthesis is higher in EPM community with values close to mono-specific cultures (see P35-Table 4), while for the EPL community it was higher than in mono-specific cultures grown at 20 µmol photons m -2 s - 1 but similar to the strains grown at 75 µmol photons m -2 s -1 (see P35-Table S9). For both communities, and although NPQ is relatively high, most of DT is not involved in NPQ but instead might serve as an antioxidant (see § I-1-a) (Fig. SR47). Hence, a relatively small pool of DT molecules is apparently highly efficient in triggering NPQ, a feature we did not observe during our lab experiments. It could also be that NPQ measured and analyzed that way (by RLCs and with our fitting model, see P22, see § II-2-b) is not reliable enough to be plotted against DT (see below). Although this set of data is restricted, and obviously the analysis of the other days is necessary to draw statistical relevance, it is very informative. It show that i) our experimental exploration of the functional diversity of the light response in MPB diatoms (P35, see § III-2-a) is in general correct, especially for EPM-NM strains, ii) in EPM-NM, and even more in EPL, in situ NPQ can be modulated to much higher levels than observed in controlled lab conditions, and this is most probably based on DD-DT synthesis related to HL (and possibly high temperature when it occurs, P38, § III-2-b) acclimation. This being said, one should keep in mind that in situ NPQ and lab NPQ were not measured the same way: while the first was measured with RLCs, the later was with Non-Sequential Light Curves (for a thorough comparison, see P20bc). Additionally, RLC NPQ was analyzed with our NPQ vs. E curve fitting model (P22, see § II-2) which might have the tendency of overestimating the potential for NPQmax. Nevertheless, and as observed during a coupled HL-high temperature stress (see § III-2-b), NPQ in EPL can be much higher than in lab conditions because of the synergetic effect of several environmental stressors, hence the necessity to conduct photophysiological studies in 'nearer natural' conditions (P38). Therefore, the NPQ differentiation we reported in controlled 'soft' lab conditions, even if true, is kind of virtual as it probably rarely happens in the field, i.e. it does not entirely reflect the full genetic ability of cells to cope with extreme light, meaning that we somehow under-estimate the NPQ ability of EPL especially, and even if, paradoxically, behavioral response was abolished in our lab conditions. This is nevertheless not so surprising: the lab conditions (i.e. HL alone applied for a short time on LL acclimated strains, obviously the opposite to the field conditions, at least the ones we monitored) probably does not require a strong motility engagement in lightresponse anyway. Therefore, in field conditions, the physiological response (NPQ) is obviously more important than first expected, i.e. it is at least as important (if not more) as motility as reported in P25 and P38 (see § III-2-b), may be because it requests less energy than producing and excreting EPS. In order to complete our set of data, it would be interesting to proceed with the same analysis under low irradiance and reasonable temperature to check if, or not, we could reach NPQ values closer to our lab experiments. We partially have already the beginning of an answer thanks to our above survey: NPQ in winter is ~1 (as in our lab conditions).

E

IV-3_ In situ relevance of ETR vs. E and NPQ vs. E curve parameters

The photochemical and NPQ parameters extracted from ETR vs. E and NPQ vs. E curves, and their coupling (see § II-2-b) have never been confronted to the field complexity. This is something I would like to perform from the numerous in situ data we have collected in the last years under different conditions of light (i.e. at different seasons) and at different sites.

Although it can appear rather methodological, such in depth analysis would bring essential information on the photochemical vs. photoprotective allocation balance of MPB diatoms in situ. Below is an example of such analysis from the one day diurnal emersion monitoring performed in the bay of l'Aiguillon (EPL-dominated site) in July 2012 (P37, see § III-2-b).

All parameters, except NPQmax, are light dose-dependent (Fig. SR48A, dashed line).

Instead NPQmax better fits with the instantaneous irradiance (Fig. SR48A, continuous line) furthermore arguing for its crucial role in coping with light fluctuations (see § III-1). ETR vs.

E curve parameters evolve as expected as a function of light dose: i) α decreases while EK increases and rETRmax also increases, ii) the decrease or increase is sharper at the beginning of emersion until a light dose of ~5 mol photons m -2 (when the irradiance is lower and changing), and it is followed by a slower phase when irradiance stabilizes to a maximum (between ~1500 and 2000 µmol photons m -2 s -1 ). It shows that MPB diatoms can rapidly (i.e.

within few hours) acclimate to their light environment. NPQ vs. E curve parameters (other than NPQmax) also show a clear pattern with light dose. E50NPQ follows a similar pattern as EK although more accentuated between the two phases delimited by the ~5 mol photons m -2 virtual boarder. Strikingly, E50NPQ also fits very well with instantaneous irradiance (compare Fig. SR48F and continuous line Fig. SR48A). n which shows an optimal positive cooperativity of DT-NPQ (~2) at the beginning of emersion decreases to ~0.5-1 with the light dose. It means that with the light dose increase DT 'activation' becomes lower, i.e. a growing pool of DT (likely supported by de novo synthesis, ) G-see § I-1-a) is less and less involved in NPQ which has to be paralleled with the above finding (Fig. SR47) that most of DT does not participate to NPQ but most probably better play a role as an antioxidant under prolonged over-saturating light exposure (between ~1500 and 2000 µmol photons m -2 s -1 ~for 2h30). Finally, E50NPQ/EK is rather stable (5.7 ± 2.5) along the emersion with no correlation with instantaneous irradiance or light dose. This is ~2x higher than the values usually observed in mono-specific cultures (see P22) illustrating acclimation of the photoprotective vs. photochemical balance to a much higher average irradiance. NPQEk is also rather stable (15 ± 6% of NPQmax) along the emersion with no clear correlation with instantaneous irradiance or light dose. This is similar to the values usually observed in monospecific cultures (see P22). It further confirms that EK is an important threshold for NPQ onset (see § I-1-a) also in field situation, i.e. most NPQ develops for irradiances > EK.

Although reduced to a one day survey, this example shows how relevant and informative it is to include NPQ vs. E curve parameters in parallel to the more classical ETR

vs. E curve parameters. The coupling of both allows to refine our view of the light-response of MPB diatoms in situ. As concluded above, it will be highly interesting to proceed with the same analysis with different light climates, and to compare EPL-and EPM-dominated sites together with the support of our ex situ experiments output (see § I and § II). We have the data-set for such complete approach.

Work in Progress,

Perspectives & Future Research acclimating the lhcx2OE (and lhcx3OE) transformants to a higher light intensity (EK level for instance) would induce a stronger phenotype as deciphered from the above described HL lhcx2 and lhcx3 transcript levels (see § I-1-a, Fig. SR12). In parallel, we generated lhcx1UE, lhcx2UE and lhcx3UE. So far, only lhcx1UE has been partially characterized. Its phenotype, while being interesting, is actually a bit of a disappointment. Indeed, in contrast to lhcx1UE P.t.1 strain (the naturally 'high NPQ' strain) [START_REF] Bailleul | An atypical member of the light-harvesting complex stress-related protein family modulates diatom responses to light[END_REF], we did not achieve to obtain lhcx1UE NPQ dramatically increases in all lines with a sine-like pattern also for the lhcx1UE transformant. There is no major reaction to the FL 500 regime except a steady slight increase in NPQ in lhcx1UE and WT cells. These data need to be paralleled with: i) the up-regulation Noteworthy is the current debate around such mechanism and the proposal that a plastid-to-nucleus retrograde signaling process via the PQ pool could not exist in diatoms, or that at least its physiological input would be irrelevant as regards to changes in irradiance fluxes and thus very indirect [START_REF] Wilhelm | Light acclimation in diatoms: From phenomenology to mechanisms[END_REF]. This assumption is mainly based on two facts: 1) the response we reported in P. tricornutum could be very different in other diatom strains known to show a different regulation of the PQ redox state as Cyclotella meneghiniana [START_REF] Grouneva | The regulation of xanthophyll cycle activity and of non-photochemical fluorescence quenching by two alternative electron flows in the diatoms Phaeodactylum tricornutum and Cyclotella meneghiniana[END_REF], 2) the redox state of the PQ pool is influenced by several electron donors alternative to the quinones that are not directly depending on the irradiance flux (as for instance chlororespiration, reviewed in [START_REF] Wilhelm | Light acclimation in diatoms: From phenomenology to mechanisms[END_REF]. Instead, the effects we observed (P27, P02s) would most likely be due to the ROS ( 1 O2)-dependent signaling pathway (higher ROS production would be induced by inhibitors and/or psbA mutation effects) [START_REF] Lepetit | Light signaling in photosynthetic eukaryotes with 'green' and 'red' chloroplasts[END_REF]. In that framework, the photoreceptor-based signaling pathway [START_REF] Depauw | Exploring the molecular basis of responses to light in marine diatoms[END_REF] would be the main one [START_REF] Lepetit | Light signaling in photosynthetic eukaryotes with 'green' and 'red' chloroplasts[END_REF][START_REF] Wilhelm | Light acclimation in diatoms: From phenomenology to mechanisms[END_REF]. Although we do not discard such proposal and we do not minimize the role of photoreceptors in regulating the gene transcription of components of the photosynthetic machinery, we believe the picture is more complex, and the three signaling sources (photoreceptors, ROS, PQ redox state) cohabite and are even involved altogether in the transcription of some genes as a function of light/environmental pressure. This is for instance the case for lhcx1 and lhcx2 which lightdependent transcription (see the part 'Synthesis of Research', § I-1-b) appears to be finely regulated by cryptochrome photoreceptors, PQ redox state and ROS 1 O2 signaling sources (P27) [START_REF] Coesel | Diatom PtCPF1 is a new cryptochrome/photolyase family member with DNA repair and transcription regulation activity[END_REF]. While such situation is also known in green plants [START_REF] Lepetit | Light signaling in photosynthetic eukaryotes with 'green' and 'red' chloroplasts[END_REF], and as regards to the light climate of their natural habitat, it would be of no surprise if diatoms would use a fine-tuned system based on i) the water/sediment/ice depthdependent light quality changes (photoreceptor-mediated response), ii) the unpredictable, fast and frequent changes in light intensity due to water mixing, water turbidity and cloud movements that generate energy imbalance (PQ redox state-mediated response), iii) the chronic exposure to excess light due to the same reasons as in ii) that generate oxidative damage (ROS-mediated response). In any case, plastid-to-nucleus retrograde signaling in diatoms raises the exciting question of how the cascading light signal can cross the four membrane of the secondary endosymbiosis plastid envelop when such process still remains unclear in the two membrane plastids of green counterparts [START_REF] Lepetit | Light signaling in photosynthetic eukaryotes with 'green' and 'red' chloroplasts[END_REF]. our sediment experiments (see above). We could identify species-specific Lhcx pattern between for instance N. phyllepta and H. coffeaeformis (Fig. WP4), these preliminary data need to be put in perspective of patterns in Jesus et al., 2006a) and on the use of LED panels, we could expose natural EPL diatom communities to a variety of light climates. This was only possible because ex situ, and even without any water 'immersion/emersion' stimulus, EPL diatoms still exhibit for few days (5-6 days) a migratory behavior that follows the in situ tidal cycle of the habitat were the sediment was harvested, i.e. no or very low upward migration at night, even during in situ time for emersion, and upward migration during the day which maximum nearly exactly corresponds to the in situ low tide (Fig. WP5). Based on such profile, it is possible to calculate the socalled photosynthetic active biomass (PAB) that is present at the surface of sediment during emersion [START_REF] Herlory | Does the size of the microphytobenthic biofilm on intertidal mudflats depend on the available photosynthetic biomass?[END_REF], i.e. PAB = the area below the curve that we can convert from chlorophyll fluorescence to a Chl a amount per surface area thanks to a fluorescence/pigment calibration (Fig. WP5). We therefore manipulated the light environment to better identify the trigger(s) behind the MPB diatom migration dynamics. artificial one within 4 days, still with no modification of the dependency on the in situ tidal cycle. These results, although visually spectacular, are not new (see [START_REF] Consalvey | The ups and downs of life in a benthic biofilm: migration of benthic diatoms[END_REF].

I-2_

Note that this behavior was observed throughout the year as also observed before [START_REF] Underwood | Patterns in microphytobenthic primary productivity: Species-specific variation in migratory rythms and photosynthetic efficiency in mixed-species biofilms[END_REF]. Our results show that the migratory behavior of EPL diatoms is first dependent on the tidal cycle onto which the photoperiod over-imposes, i.e. EPL diatom would possess an endogenous rhythm based on internal clock modeled onto the tidal cycle [START_REF] Coelho | Endogenous versus environmental control of vertical migration by intertidal benthic microalgae[END_REF][START_REF] Consalvey | The ups and downs of life in a benthic biofilm: migration of benthic diatoms[END_REF] which could be modulated by light-response triggered by both light intensity and light quality. We further explored the light triggering.

First, we played with the light intensity in order to verify its influence on the PAB at the surface of sediment during diurnal emersion (Fig. WP6). We found a positive effect with light intensities up to 120-180 µmol photons m -2 s -1 , while above this intensity, PBA decreases, corresponding to the well-known photophobic escape from excess light, so-called the 'behavioral photoprotection' (see § III-2-b). This again was not very new, several studies already noticed that intensities ~150-200 µmol photons m -2 s -1 appear as a threshold for +/migration of natural assemblages of EPL diatoms [START_REF] Ezequiel | Photoacclimation state determines the photobehaviour of motile microalgae: The case of a benthic diatom[END_REF][START_REF] Serôdio | Microphytobenthos vertical migratory photoresponse as characterised by light-response curves of surface biomass[END_REF].

It was nevertheless an essential step to validate our experimental set-up. This being done, we proceeded with the most interesting part of this study: the effect of different wavelengths of light, a scarcely investigated matter [START_REF] Mclachlan | Light-induced motile responses of the estuarine benthic diatoms Navicula perminuta and Cylindrotheca closterium (Baciilariophyceae)[END_REF][START_REF] Wenderoth | Influence of light quality and gassing on the vertical migration of diatoms inhabiting the Wadden Sea[END_REF]. Based on our knowledge of the response of planktonic diatoms to the light spectrum [START_REF] Depauw | Exploring the molecular basis of responses to light in marine diatoms[END_REF], we tested four different wavelengths: red, red+far red, green and blue, and we compared it to our natural ambient light conditions and to our artificial 'white' light triggering the maximal PAB at the surface of sediment (120 µmol photons m -2 s -1 , Fig. WP6). We have found that (Fig; WP7) i) green but more particularly blue light has a strong positive effect on migration (no effect by red and far red wavelengths), ii) this effect is intensity dependent. Again, it was observed throughout the year with no difference between communities harvested at different seasons. We have verified that the blue light effect is not related to an increase of absorbing blue light pigments (i.e. carotenoids) during emersion. We have also verified it is not due to the well-known enhancement of photosynthesis efficiency by blue light in diatoms [START_REF] Mouget | Acclimation of Haslea ostrearia to light of different spectral qualitiesconfirmation of 'chromatic adaptation' in diatoms[END_REF], i.e. photosynthetic capacity was similar under all conditions of blue light. Currently, we are analyzing the species present in PAB at the surface of sediment to check if some of them would specifically positively (or negatively) respond to the blue light trigger or if it is a whole community response [START_REF] Underwood | Patterns in microphytobenthic primary productivity: Species-specific variation in migratory rythms and photosynthetic efficiency in mixed-species biofilms[END_REF]. As regard to our current knowledge and to the most recent investigations on the effect of blue light on diatom biology, the most reasonable possibility that remains is to argue for a blue lightresponse controlled by a photoreceptor [START_REF] Wenderoth | Influence of light quality and gassing on the vertical migration of diatoms inhabiting the Wadden Sea[END_REF], namely aureochromes and/or cryptochromes (see [START_REF] Depauw | Exploring the molecular basis of responses to light in marine diatoms[END_REF][START_REF] Wilhelm | Light acclimation in diatoms: From phenomenology to mechanisms[END_REF]. Cryptochromes have been known to play an essential role in the endogenous regulation of many biological processes in photosynthetic organisms.

Recently, it has been demonstrated how blue light plays a crucial role in the global lightresponse [START_REF] Valle | System responses to equal doses of photosynthetically usable radiation of blue, green, and red light in the marine diatom Phaeodactylum tricornutum[END_REF], and especially HL photoacclimation (Schellenberger Costa et al., 2013b), and the cell division cycle [START_REF] Huysman | AUREOCHROME1amediated induction of the diatom-specific cyclin dsCYC2 controls the onset of cell division in diatoms (Phaeodactylum tricornutum)[END_REF] in diatoms, and how these responses are mediated by aureochromes. Additionally, blue light triggers biofilm formation in Navicula sp. [START_REF] Cao | Settlement and cell division of diatom Navicula can be influenced by light of various qualities and intensities[END_REF]. Interestingly, blue wavelengths are strongly attenuated by sediment particles, i.e. in sediment the light spectrum at a certain depth is depleted in blue wavelengths (and enriched in red ones) [START_REF] Kuhl | The light field of microbenthic communities: Radiance distribution and microscale optics of sandy coastal sediments[END_REF]. One can therefore question the role of blue light, and may be more precisely the ratio blue/red wavelengths (see [START_REF] Wilhelm | Light acclimation in diatoms: From phenomenology to mechanisms[END_REF], in controlling the coupling between surficial-emersion photosynthesis and as a matter of fact, most of these services owe (in-)directly to the biological activity of MPB diatoms. They include the four main categories as defined by the Millenium Ecosystem Assessment (2005), namely i) provisioning (ex. marine primary production, chemo-/biodiversity), ii) regulating (ex. CO2 sink, bioremediation of contaminated coastal water), iii) supporting (ex. shellfish farming and gathering, added value molecules for food, pharmacology), and iv) cultural (ex. maintenance of protected patrimonial areas, generation of a strong regional identity) services. Therefore the bay or Marennes-Oléron has been highly attractive to numerous social and economic actors including shellfish-and land-farmers, fishermen, (eco-)tourists, etc. The concentration of these activities along the coastline, coupled to urbanization (particularly during summer due to tourism) generates a strong pressure; specifically, resource and territory use conflicts have been a crucial recurrent problem. Additionally, recent extreme environmental events, like the 2010 Xynthia storm and its associated deadly floodings, have highlighted the fragility of the Charentais Sounds towards natural forcings.

Based on this report, we first started our discussion with a 'classical' ecosystem service-based approach carrying out a critical analysis of the socio-ecological assessment of intertidal bare mudflats. It turned out that the ecosystem service approach is relatively restrictive: it does not allow to apprehend the full diversity of ecosystem values, and the perception of their social and ecological potentialities. Indeed, the preservation of mudflatrelated ecosystem values relies on a reasonable management of goods and resources which needs a better understanding of the functioning of the socio-ecosystem. In that framework, a holistic view is necessary in order to better 1) apprehend the environmental complexity of intertidal mudflat ecosystems, 2) include the diversity of social and economic actors, 3) manage the conflicts between among Humans and between Humans and their natural environment (i.e. conflicts for resources and space). As regards to these three mark-ups, and to the necessity and complexity to integrate environmental, biological, ecological, social and economic data in a legal framework, it is required to follow a transdisciplinary approach. We therefore developed a different approach based on the concept of 'ecological solidarity'. This emerging concept is currently about to get a juridical framework in France. It particularly highlights the necessity to reconsider the relationships between Humans and their environment beyond the ecosystem services the nature can provide to human societies, and especially the monetarization of these services. The ultimate aim of the 'ecological solidarity' approach is to propose a more harmonious society project with improved relationships among Humans and between Humans and their natural environment.

The second phase started in 2014 with the reduction of the scientific framework to the impact of the evolution of the shellfish usages on the spatial and temporal variations of the biomass and production of MPB diatoms in the bay of Marennes-Oléron. Beyond this specific example, the idea is to characterize the strong interconnections between Humans and their natural environment in estuarine areas, and to test the 'ecological solidarity' approach in that concrete framework. Our starting hypothesis considers the existence of feed-back effects between the evolution of oyster production (which is an essential socio-economic activity in the bay of Marennes-Oléron) usages and the biomass and production of MPB diatoms, the latter providing 50% of oyster food. Our project has been funded by the Fondation de France (research program 'Quels littoraux pour demain ?', see the 'Detailed CV' section, RPLNat03f) until 2017. I am more specifically responsible for the work-package 'Mapping of the biomass and production of microphytobenthos dynamics'. Rapidly, this task intends to use the multi-spectral visible and near infra-red reflectance of MPB diatom pigments from satellite remote sensing and to couple it with 'classical' primary production measurements (CO2 fixation) and primary production models to generate the first maps of primary production at the scale of an entire intertidal flat. This a classical approach used for phytoplankton, the so-called 'ocean colour', but never used on MPB. While satellite remote sensing maps of MPB diatom biomass (see Kromkamp et al., 2006;[START_REF] Van Der Wal | Spatial synchrony in intertidal benthic algal biomass in temperate coastal and estuarine ecosystems[END_REF] are more and more used for the ecological assessment and management of intertidal mudflats [START_REF] Benyoucef | Microphytobenthos interannual variations in a north-European estuary (Loire estuary, France) detected by visible-infrared multispectral remote sensing[END_REF][START_REF] Brito | Seasonality of microphytobenthos revealed by remote-sensing in a South European estuary[END_REF][START_REF] Kazemipour | Microphytobenthos biomass mapping using the optical model of diatom biofilms: Application to hyperspectral images of Bourgneuf Bay[END_REF][START_REF] Ryu | Potential of remote sensing in management of tidal flats: A case study of thematic mapping in the Korean tidal flats[END_REF], production maps are a premiere. Sequentially, we (Fig. WP8) 1) measure gross primary production (net photosynthesis and respiration) of MPB diatoms in the field during diurnal emersion, 2) request a satellite image to be taken at the same time (SPOT satellite), 3) convert reflectance satellite images in MPB biomass index (NDVI-Normalized Difference Vegetation Index, and Chl a), 4) harvest sediment at the site of field monitoring in order to measure P vs.

E parameters in the lab under controlled light conditions and at optimal temperature [START_REF] Blanchard | Seasonal effect on the photosynthesic capacity of intertidal microphytobenthos and temperature[END_REF] in parallel to Chl a biomass and reflectance (i.e. NDVI) measurements, 5) use primary production models including a strong light [START_REF] Platt | of photosynthesis in natural assemblages of marine phytoplankton[END_REF] and/or temperature [START_REF] Guarini | Modelling the dynamics of the microphytobenthic biomass and primary production in European intertidal mudflats[END_REF] control in order to average both, 6) via NDVI and Chl a, apply the output of the primary production models to generate MPB diatom production maps.

La Rochelle [START_REF] Benyoucef | Microphytobenthos interannual variations in a north-European estuary (Loire estuary, France) detected by visible-infrared multispectral remote sensing[END_REF]. B-Production vs. light intensity (E) normalized to NDVI, definition of parameters can be found in the table at the end of the 'Scientific Framework' section; the model used to fit the P-E curve is the Platt et al. model [START_REF] Platt | of photosynthesis in natural assemblages of marine phytoplankton[END_REF] which includes the photoinhibition parameter (β) as a control of production for high irradiances (in this example photoinhibition starts at 800 µmol photons m -2 s -1 ). C-Example of MPB diatom production map (2015-05-18) as the result of combination of A-and B-using the Platt et al. model [START_REF] Platt | of photosynthesis in natural assemblages of marine phytoplankton[END_REF]. Maps A-and C-were generated by Astrid Lerouxel and Laurent Barillé, University of Nantes. As described above in the 'Work in Progress' section ( § I-3), we are currently working on the use of multi-spectral reflectance coupled with remote sensing and 'classical' primary production measurements (CO2 fixation) to generate the first maps of primary production at the scale of an entire intertidal flat. This first approach, also innovative, is not exempt of defects including i) the number (3 to 4) and resolution (tens of nm) of pigment absorption/reflectance bands, ii) the size of the pixels of satellite remote sensing reflectance images (minimum is 200 m 2 ), iii) the use of models based on empirical physiological parameters measured in lab controlled conditions and often different from the field reality.

LR

With the colleagues from the University of Nantes, and especially with Vona Méléder, our idea is to propose a more refined approach to overcome these defects. The idea is to couple hyperspectral reflectance of pigments, chlorophyll fluorescence and remote sensing in order to generate all necessary parameters from one hyperspectral reflectance image that better reflects the in situ production status of MPB. The ultimate objective is from one hyperspectral image to retrieve Chl a biomass, a* (the chlorophyll-specific absorption crosssection) and ΦPSII, which allows to calculate the absolute ETR (and not only the relative rETR) normalized to Chl a biomass. Through the use of the same models described above ('Work in Progress' section, § I-3), forecast irradiance and temperature and water level data, one could generate actual absolute ETR maps of MPB production of intertidal flats. The ultimate step would consist in converting ETR in C fixation thanks to a comparison between chlorophyll fluorescence and CO2 fixation, a relationship for sure not perfect but possible to certain limits (Kromkamp and Forster, 2006;[START_REF] Morris | Coupling between Photosystem II electron transport and carbon fixation in microphytobenthos[END_REF].

production and food-web mathematical modeling [START_REF] Spilmont | Short-term variability of intertidal benthic community production during emersion and the implication in annual budget calculation[END_REF], i.e. how is the MPB diatom biomass made available for consumers, maintained and constantly renewed as a function of emersion-immersion alternation (Fig. WP9) ? [START_REF] Blanchard | Analyse conceptuelle du système de production primaire microphytoenthique des vasières intertidales[END_REF].

Better understanding the dynamics of PAB at the surface of sediments__ The idea here is to complete local previous works [START_REF] Blanchard | Analysis of the short-term dynamics of microphytobenthos biomass on intertidal mudflats[END_REF][START_REF] Guarini | Modelling the dynamics of the microphytobenthic biomass and primary production in European intertidal mudflats[END_REF][START_REF] Herlory | Does the size of the microphytobenthic biofilm on intertidal mudflats depend on the available photosynthetic biomass?[END_REF][START_REF] Herlory | Microstructure of microphytobenthic biofilm and its spatio-temporal dynamics in an intertidal mudflat (Aiguillon Bay, France)[END_REF]. More specifically, we currently have no idea of the cellular and molecular basis for PAB dynamics in sediment, and we therefore need to understand from the gene to the EPL community levels i) how exactly occurs the synchronization of, If it would be possible to set-up such an experimental system, one could therefore explore (see § I-2-a above) i) the effect of photoperiod by mimicking the horizontal location of MPB diatom communities in the intertidal zone (i.e. the closer to the shore, the longer exposed to light); ii) the effect of light intensity, i.e. limiting vs. optimal vs. light intensity that triggers a photophobic response; iii) the effect of light quality by artificially changing the blue vs. red wavelength ratio (by using LED panels) or by triggering blue light pulses at different times of the tidal/diurnal cycle.

In the last two years, we have been trying, with Angela Falciatore (CNRS / University P. et M. Curie-Pars VI), to get this project funded (CNRS PEPS ExoMod call) without success so far.

Improving primary production and food-web modelling__ A now essential refinement of current primary production models is to include the functional diversity of MPB diatoms as it has been already done for years with phytoplankton (DARWIN model, [START_REF] Follows | Emergent biogeography of microbial communities in a model ocean[END_REF], i.e. not to consider anymore MPB diatoms as a 'black box' but to decipher into, at least, the main growth forms (EPL, EPM, TYCHO) may be even down to the few species that dominate, for instance, the EPL biomass throughout the year [START_REF] Haubois | Spatio-temporal structure of the epipelic diatom assemblage from an intertidal mudflat in Marennes-Oleron Bay, France[END_REF]. Based on our previous (see 'Synthesis of Research', § III-2-b) and current (see above § I-2-a) research, this is the level of detail we need to and we can assess now. In that framework, it is essential to better define the functional groups of MPB diatoms by better incorporating together biological and physiological characteristics in clade-based approach, as recently performed [START_REF] Nakov | Comparative analysis of the interaction between habitat and growth form in diatoms[END_REF][START_REF] Suggett | Functional diversity of photobiological traits within the genus Symbiodinium appears to be governed by the interaction of cell size with cladal designation[END_REF]. In that respect, we need to include a measurement of the absolute motility capacity that could yield significant inter-species differences [START_REF] Underwood | Patterns in microphytobenthic primary productivity: Species-specific variation in migratory rythms and photosynthetic efficiency in mixed-species biofilms[END_REF]. This work is currently being performed by Lander Blommaert (University of Ghent, Belgium) in the framework of his Ph.D., it will well complete our initial approach (see 'Synthesis of Research', § III-2-a). We also need to further confront our lab approach on unialgal cultures (see 'Synthesis of Research, § III-2-a) with community level approaches in controlled and in situ conditions (see 'Synthesis of Research', § III-2-b and IV).

It is especially true for EPL diatom community for which photoprotection ability can be modulated to some extent well beyond our lab findings probably illustrating a complex balance between photophysiology at different time scales (i.e. photoprotection and photoacclimation) and motility (see 'Synthesis of Research', § III-2-b).

Obviously, a MPB diatom community/growth form-based approach would also strengthen the most recent food-web modelling of intertidal flats (see P29 and P32). A further refinement of food-web modeling would be to, for instance, answer questions like: what is happening to EPL and TYCHO diatoms when resuspended in the water-column at high tide:

are they still able to photosynthesize or is the potential stress too strong ? What is the importance of TYCHO in such conditions, could they be an important link between sediment and water-column food-webs ? I have been asking myself these questions since I started working at LIENSs but I considered that first a more precised knowledge of the photosynthetic functional diversity of MPB diatoms was needed, which is now reached (see 'Synthesis of Research', § III-2-a). Obviously experiments on EPL and TYCHO representatives in controlled conditions, as well as on natural EPL communities with an experimental biofilm erosion approach [START_REF] Dupuy | Sequential resuspension of biofilm components (viruses, prokaryotes and protists) as measured by erodimetry experiments in the Brouage mudflat (French Atlantic coast)[END_REF], are needed. These data, included to physico-biological models, as developed by Vincent LeFouest in LIENSs, would surely help to improve current models that couple the benthic and planktonic food-webs during the regular emersion-immersion alternation (P32). In parallel, there is a need to deepen our current knowledge of the way diatoms 'interact' with their direct micro-biotope, i.e. viruses, bacteria and meiofauna. In that framework, i) the current works we have performed on MPB diatom-viruses and MPB diatom-bacteria interactions together with Hélène Montanié, Sophie Sablé and Isabelle Lanneluc (P03s and manuscript in preparation), as well as ii) the current of the seasonally-covered ice zone is expected to increase significantly during the next years, possibly over the whole Arctic Ocean as early as 2030. Over the last decade, the decrease in the extent of the summer ice-pack has already led to a +20% of the pan-Arctic primary production. Phytoplankton blooms now occur earlier in several parts of the Arctic ocean; a recent later (autumn) second occurrence has even been revealed by the Takuvik's team [START_REF] Ardynan | Parameterization of vertical chlorophyll a in the Arctic Ocean: impact of the subsurface chlorophyll maximum on regional, seasonal, and annual primary production estimates[END_REF]. The structure of the phytoplankton community is shifting toward smaller species, typical of more oligotrophic conditions, and some species found in warmer waters now migrate into the Arctic Ocean. How will the PSB evolve in this context and what will be the consequences on the Arctic ecosystem is currently unknown.

To understand the PSB spatial and temporal dynamics, and to determine its role in the Arctic Ocean of tomorrow is the main objective of the currently ANR program funded project Green Edge (http://www.greenedgeproject.info/index.php). More specifically, Green Edge aims at 1) understanding the key physical, chemical and biological processes governing PSB, 2) identifying the key phytoplankton species involved in PSB and at modelling their growth under various environmental conditions, and 3) predict the fate of PSB and related carbon transfer through the food-web and toward the bottom sediments over the next decades. The research program couples in situ survey and experimental lab approaches. The field survey includes a ice-camp (Qikiqtarjuaq, Nunavut) and research ice-breaker cruise (CGCS Amundsen) in the Baffin Bay within the seasonally-covered ice zone from before the onset of melting sea-ice in May to its conclusion in July. It will document phytoplankton growth, photosynthesis, nutrient assimilation and the transfer of carbon through the food web and toward the sediment. The experimental approach will be performed on key phytoplankton species freshly isolated and grown in the laboratory under various conditions to model their response to environmental factors (light, temperature, salinity) and to understand their succession during spring. A coupled physical-biological model will be optimized for simulating PSB in the Arctic Ocean and for predicting changes in phytoplankton communities and food web dynamics. Past and present trends in the intensity and spatial distribution of PSB will be documented using a paleoceanographic approach (diatom lipids), and using satellite remote sensing.

I will more specifically bring my expertise in the ecophysiological approach (effect of light, temperature and salinity) in a framework of lab and in situ coupled experiments and survey, together with a more broaden inter-disciplinary picture including satellite remote sensing, mathematical modelling and human/social sciences that I know well (see § I-3 above). Questions of interest obviously deal with (see the section 'Synthesis of Research', § III-1): i) the differential physiological response of species/strains to environmental changes, ii) comparing the light-response of Arctic and temperate species/strains of the same genus/species (Chaetoceros, Thalassiosira, Nitzschia) in the framework of the ongoing migration of temperate strains to the now warmer waters of the Arctic Ocean. This will obviously help to refine the current physical-biological modelling approaches. In the recent years, many ecophysiological works have been performed on the key phytoplankton species (including diatoms) in the Southern Antarctic Ocean [START_REF] Hernando | Effects of salinity changes on coastal Antarctic phytoplankton physiology and assemblage composition[END_REF][START_REF] Kropuenske | Photophysiology in two major Southern Ocean phytoplankton taxa: Photoprotection in Phaeocystis antartica and Fragilaria cylindricus[END_REF][START_REF] Mills | Photophysiology in two Southern ocean phytoplankton taxa: Photosynthesis of Phaeocystis antarctica (Prymnesiophyceae) and Fragilaria cylindrus (Bacillariophyceae) under simulated mixed-layer irradiance[END_REF][START_REF] Petrou | Rapid photoprotection in sea-ice diatoms from the East Antarctic pack ice[END_REF]Petrou et al., 2011;[START_REF] Petrou | Photophysiological responsesof Fragilaria cylindrus (Bacillariophyceae) to nitrogen depletion at two temperatures[END_REF][START_REF] Van De Poll | Non-photochemical quenching of chlorophyll fluorescence and xanthophyll cycle responses after excess PAR and UVR in Chaetoceros brevis, Phaeocystis antarctica and coastal Antarctic phytoplankton[END_REF], and surprisingly not such equivalent exists for the Arctic Ocean. That will be one of my tasks to fill this gap.

One of the main questions of my interest will be to understand how diatoms manage the transition from the sea-ice habitat to the water column during melting, and what is the role played by environmental cues and especially light, in controlling this transition and thus the onset of PSB. Although, PSB spatio-temporal dynamics are strongly related to the sea-ice living species and strongly impacted by the current sea-ice cover changes, little is known. In this framework, I will work, in parallel to PSB dynamics, on the sea-ice inhabiting diatoms.

The biodiversity of sea-ice diatoms is particularly interesting as it mixes strict Arctic species with species/strains also known in temperate habitats together with strict ice species and species that can be found in the ice as well as in the water column [START_REF] Sackett | Phenotypic plasticity of Southern Ocean diatoms: Key to success in the sea ice habitat?[END_REF]. The functional diversity of this consortium, its seasonal dynamics, as well as its interspecies/strains differential physiological adaptation/acclimation means to the strong environmental gradients (light, temperature, salinity, nutrients) they have to cope with in the ice and during melting, are certainly of prime importance, but they remain not so well known (Petrou and Ralph, 2011;[START_REF] Sackett | Phenotypic plasticity of Southern Ocean diatoms: Key to success in the sea ice habitat?[END_REF].

One of the most extraordinary adaptation of sea-ice diatom is their survival to prolonged darkness/very LL with temperatures ~0°C during the 4 month polar night. In order to explore the molecular and cellular aspects of such physiological and metabolic adaptation, we have submitted, together with Marcel Babin, Guillaume Massé and Connie Lovejoy (CNRS and Université Laval, Takuvik) and Chris Bowler (CNRS, ENS Paris) an application to the HSFP ('Green life in the dark'). Additionally, there have been some recent investigations on the light-and photoprotective-response of very LL-adapted sea-ice diatoms [START_REF] Katayama | Photoprotective responses of an ice algal community in Saroma-Ko Lagoon, Hokkaido, Japan[END_REF]Petrou et al., 2011), and especially how they manage extreme light (and temperature) changes during the sea-ice/water transition (Petrou et al., 2011;[START_REF] Rajanahally | Can bottom ice algae tolerate irradiance and temperature changes ?[END_REF]. Takuvik is currently working on these questions: https://greenedgeproject.wordpress.com/2015/06/24/pam-stresser-les-algues-et-observerleurs-limites/. Interestingly, a recent study has reported the ability of sea-ice diatoms to vertically move within the ice as a function of the snow cover-light penetration, adding behavior to the physiological means of adaptation [START_REF] Aumack | Diatom vertical migration within land-fast Arctic sea ice[END_REF]. Both physiological and behavioral adaptation are crucial to better understand the vertical distribution of diatoms in ice in order to improve the modelling of their photosynthetic production [START_REF] Duarte | The importance of vertical resolution in sea ice algae production models[END_REF]. The study by [START_REF] Aumack | Diatom vertical migration within land-fast Arctic sea ice[END_REF] emphases the common points with MPB diatoms that inhabit sediment of intertidal flats, and hopefully the tools we have been developing (see the section 'Synthesis of Research', § II) will help to further explore this behavior together with photophysiology [START_REF] Hawes | Photobiology of sea ice algae during initial spring growth in Kangerlussuaq, West Greenland: insights from imaging variable chlorophyll fluorescence of ice cores[END_REF][START_REF] Ryan | Chlorophyll fluorescence imaging analysis of the responses of Antarctic bottom-ice algae to light and salinity during melting[END_REF].

Obviously the expertise I have gained during the last 17 years on both planktonic and benthic diatoms will strongly support my next scientific challenge in Takuvik. I am convinced that in return, this additional experience on another extreme habitat such as the Arctic will help me to pursue with my ideas of future research on the temperate (and tropical ?) intertidal flats (see § II-1-b above) may be in the framework of a comparative broad project on the regulation of photosynthetic productivity of diatoms in sediment vs. ice ? *****
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  l'entends moi, et pas quelqu'un d'autre, et encore moins une quelconque administration ou un quelconque système. C'est assez égoïste, mais je préfère voir ça comme de l'indépendance intellectuelle et la recherche d'une certaine liberté… en intégrant les risques professionnels qui vont avec, évidemment... Et effectivement, en général, je ne suis pas pressé, pourquoi d'ailleurs ? Mon semblant d'ambition sait attendre, ma soif d'apprendre et de comprendre et d'avancer, beaucoup moins, c'est paradoxal, donc compliqué... et c'est d'autant plus compliqué que je suis perfectionniste (synonyme politiquement correct de 'chieur'), avant

(

  n°20/05) section 20 (actuellement section 30) 'Surface Continentale et Interfaces' au printemps 2007, j'allais alors sur mes 32 ans (je prends les devants : oui, pour cette époque-là, il était temps…). Mon affectation effective a eu lieu en janvier 2008 dans l'UMR6250 (actuellement UMRi7622) 'Littoral, Environnement et Sociétés' (LIENSs) à l'Institut du Littoral et de l'Environnement de l'Université de La Rochelle. Mon recrutement au CNRS était l'aboutissement, a posteriori et sans prétention, logique voire évident, d'une longue démarche et d'un défi personnels (je précise quand même que je ne rêvais pas de rentrer au CNRS quand j'étais petit, je voulais être footballeur), la fin d'un cycle, d'une période de vie même, le début d'une autre. Mon affectation au LIENSs de La Rochelle était un challenge à multiple facettes, scientifiques, professionnelles, personnelles, dont certaines me sont apparues progressivement ou brutalement en cours de route (aucun regret ni reproche, l'inverse aurait été barbant de toute façon) : le retour en France et la réadaptation à son système universitaire et de recherche après 4 ans en Allemagne (ça fait un peu STO dis comme ça !), l'intégration à un institut de recherche de pointe flambant neuf et en pleine mutation transdisciplinaire, la reprise du flambeau de la thématique 'production primaire littorale' à la suite de chercheurs de haut niveau (le trio 'Blanchard-Guarini-Richard') tout en poursuivant ma propre voie ou comment 'faire pareil mais différent', la construction d'une nouvelle approche expérimentale dédiée à l'écophysiologie des microalgues en démarrant de quasiment rien (si ce n'est beaucoup d'argent), et tout cela en ne connaissant littéralement personne. Après 7 ans et demi, je ne sais pas si je peux dire que j'ai réussi, ce n'est pas à moi d'en juger et les avis divergeront sans doute. Ce que je peux dire c'est que j'ai essayé de me démarquer de la ligne historique (ça fait très FLNC dis comme ça !) tout en l'intégrant et la respectant (cf la section suivante 'Scientific Framework & Approach'), et je pense, et j'espère, avoir réussi : c'était mon objectif premier. Je n'étais pas intéressé par faire mieux, c'était de toute façon quasiment impossible, ce qui me motivait et me motive toujours c'est de faire différent, autrement, et en tentant cela de transcender le sujet scientifique, de le porter vers des horizons déjà explorés mais avec une nouvelle vision, un nouvel angle d'attaque, voire, objectif ultime, de lui ouvrir des terres inexplorées. Je sais aussi que cela a pris plus de temps que prévu (c'est surprenant !) : les 4 ans initiaux de mon projet pour le CNRS se sont transformés en 6 ans, si je me permets de mettre de côté la première année (2008) pendant laquelle j'ai réalisé beaucoup d'allers-retours entre La Rochelle et Konstanz, en Allemagne, pour cause de suivi de projet DFG dont j'étais le porteur depuis 2006, d'encadrement de thèse (S. Sturm) dont j'étais le responsable scientifique… et de beaucoup de nostalgie. Donc, 2008, année de transition et d'adaptation (ça peut paraître long, mais c'est moi) ; 2009, ça commence à frémir, les premières demandes de financement sont lancées, les premiers achats d'équipement, etc. ; 2010, le laboratoire est monté et équipé, les premiers chercheurs invités débarquent ; fin 2010, Bernard Lepetit commence son post-doctorat, Alexandre Barnett sa thèse, le train se met en marche et quitte tranquillement la gare ; la suite n'a été qu'une accélération permanente, une transformation assumée et assurée de vieille locomotive à

  Photosynthétiques et Environnement') des opportunités que je n'aurais jamais eu ailleurs : premiers voyages, premiers enseignements, premières vraies rencontres scientifiques, premières collaborations. Je me suis donc lancé dans 3 ans et 9 mois de dur labeur qui m'ont permis de me révéler à moi-même. J'étais timide, peu sûr de moi, avec un fort complexe d'infériorité : au fil des années, je me suis rendu compte, au milieu de tous ces normaliens et élites actuelles et futures, que je n'étais pas si nul que ça. Au point d'obtenir un poste ATER à l'Université Paris VI (grâce à une grosse dose de chance aussi : merci à Thibault Desquilbet et à Catherine Bajon) et d'y rester 2 ans de plus. J'ai aussi eu la chance de participer à un projet de recherche plus appliqué en collaboration avec Suez-Lyonnaise des Eaux (maintenant Suez Environnement). Ceci m'a permis de 'tester' la manière d'appréhender la recherche dans un groupe privé, et le moins que l'on puisse dire c'est que ça ne m'a plu… malgré l'intérêt porté au projet et les sublimes missions terrain en Malaisie et à Macao ; dans ce cadre particulier, merci à Jean-Pierre Barbier, Thomas Le Vaillant et Adi Wong. Je me dois donc de citer de nombreuses personnes qui m'ont aidé pendant ces 6 années et demie passées à l'ENS Ulm, elles ont toutes d'une manière ou d'une autre participé à mon évolution en tant que chercheur et en tant que jeune homme, certaines sont parties à la retraite, beaucoup sont parties dans d'autres laboratoires après l'implosion de l'UMR 1 an après mon départ en Allemagne, d'autres sont devenues incontournables dans notre communauté, pêle-mêle : Bernard Rousseau, Gérard Parésys, Gérard Guglielmi, Jean-Pierre Roux, Claude Rigart, Chris Bowler, Diana Kirilovsky, Pascal Lopez, Jean-Charles Cadoret, Lise Caron, Dominique Douady, Jean Houmard, Andrew Pascal, Alexandre Korber, Alexander Ruban, Bruno Robert, et Jean-Paul

  Main collaborator: C. Dupuy. Research projects : RPPNat01, RPLReg01f, RPLReg02f, RPLLoc01. (Co-)supervision : PhDL03, IUT03. Publications : P29, P32, P35, P36, P05s. Communications : CI18p, CI20t, CS10p to CS14t. # CLienss02_ Diatom-bacteria and diatom-viruses interactions within the microbial biofilm of intertidal mudflats: started 2010.

  Main collaborators: H. Agogué, H. Montanié, S. Sablé, I. Lanneluc. Research projects : RPLReg01f, RPLLoc01, RPPNat04, RPPNat05. (Co-)supervision : PhDP03, PhDP04, M204, M102. Publications : P03s (Ibtissem). # CLienss03_ Environmental evolution of the 'ecosystem services' provided by benthic diatoms in intertidal mudflats: started 2013.

  Main collaborators: B. Lebreton, A. Michelot. Research projects : RPLNat01f to RPLNat03f, RPLReg01f. (Co-)supervision : E01. Publications : P03s. VI-1-b_ Over # CLienss04_ Analysis of phytoplankton communities: 2010-13. This work intended to analyze the diversity and photosynthesis of phytoplankton community (and especially cyanobacteria) in the Charentes river and the salt marshes of the Pertuischarentais by means of active chlorophyll fluorescence (PhytoSensor and AquaPen fluorimeters). Because in these habitats the waters are very turbid, the analysis was not reliable and I had to stop my participation to this project. Main collaborator: V. David, H. Agogué. Research projects : RPPReg01, RPPNat02, RPPReg02. (Co-)supervision : M202. VI-2_ National collaborations out of UMRi7266 LIENSs # CNat01_ EA2160 'Mer, Molécules, Santé', Université de Nantes et du Mans, France.

  Main collaborators: V. Méléder, J.-L. Mouget, L. Barillé. Research projects : RPLInt05, RPLNat01f to RPLNat03f, RPLReg02f, RPPInt03, RPPNat03. (Co-)supervision : PhDL03, E01, M203. Publications : P10, P17, P19bc, P21, P25, P31, P35, P36, P37, P04s, P05s. Communications : IS03, CS10p, CS12p, CS13t, CS14t. # CNat02_ UMR8187 'Laboratoire d'Océanologie et de Géosciences', CNRS-Université de Lille 1, France.

  of Marine and Estuarine Ecology, CESAM (Center for Environmental and Marine Studies)/University of Aveiro, Aveiro, Portugal.

  of Ecotoxicology of Aquatic Microorganisms, Université du Québec à Montréal (UQAM), Canada.
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 1 Fig. 1. Schematic representation of the scientific approach and research strategy I have been following. Axis n°1 to n°4 are further detailed in the section 'Synthesis of Research', while Modeling and Human-social applications are detailed in the section 'Work in Progress'.

Fig. 2 .

 2 Fig. 2. Illustration of the back and forth switches in spatial scales I have been following: from km 2 (a) to Å (f) and back. (a) bare intertidal mudflat of the bay of Marennes-Oléron; (b) MPB diatoms forming a biofilm at the surface of sediment, the brown colouring is due to the pigment content of diatoms (see picture (d)); (c) community of MPB diatoms of different sizes (usually ranging from ~10 to 150 µm); (d) one cell of MPB diatom isolated from the MPB diatom community (here an epipelic diatom, Navicula sp.); (e) transversal cut of a diatom cell showing the main organelles, and especially the plastid and its thylakoid membranes (adapted from P15r); (f) scheme of a thylakoid membrane showing the organization of the main photosynthetic complexes, and especially the photosystem II (credit: John Niel).

  Photosynthetic apparatus

Fig. 3 .

 3 Fig. 3. Schematic representation of the methodological approach I have been following. The bubbles refer to the corresponding 'Synthesis of Research (SR) and 'Work in Progress' (WP) chapters.

Finally

  , as regards to the structure of the section 'Synthesis of Research', the size of the four chapters is obviously very different. It simply illustrates the time I have spent on each of them so far, i.e. while § I-('the physiology') is my oldest research activity (started in 1998), I started § II-('the methodology') in 2006, § III-(the ecophysiology') in 2002-2003, and § IV-('the field') in 2008 (with a short period from 1998 to 2001). The number of my published articles well illustrates this unbalance as well: § I-, 14 papers; § II-8 papers; § III-8 papers; § IV-4 papers. This being said, I regularly participated to reviews and book chapters

Fig. SR1 .

 SR1 Fig. SR1. Diatoms photosynthesis under environmental stress (light and/or temperature for instance).The sequence of events (1. to 5.) illustrates the, for instance, exposure to excess light to net photoinhibition, and the several 'photoprotective' biological and physiological processes (right side) that allow to prevent/delay/decrease photoinhibition. Oblique dark arrows show the photoprotective processes that are further described in this manuscript. Adapted from[START_REF] Derks | Diverse mechanisms for photoprotection in photosynthesis. Dynamic regulation of photosystem II excitation in response to rapid environmental change[END_REF] 

  photosynthetic machinery to use the excitation energy via photochemistry is at its maximum, the yield for Chl a fluorescence increases and the probability of 3 Chl a* formation increases.This situation is critical since 3 Chl a* can react with O2 generating ROS such as singlet 1 O2* which are very harmful for proteins, pigments and lipids, and lead to a decrease in the rate of photosynthesis (i.e. 'photoinhibition'). Photosynthetic organisms are able to maintain a low steady state of 3 Chl a* through several rapid dissipative (or 'photoprotective') mechanisms which help to minimize the production of ROS. NPQ is believed to be one the most important of these processes that leverage the excitation pressure on PSII.The safely excess energy dissipation as heat that results in NPQ takes place in the LHC of PSII, which in diatoms is mainly composed of Fucoxanthin Chl-biding proteins (FCPs, also called LHCF). NPQ reduces the lifetime of 1 Chl a* and, as a consequence, the quantum yield of Chl a fluorescence as measured with PAM-fluorometers (see § II). NPQ is composed of three components (qE, qT and qI) whose respective importance varies among photosynthetic lineages, qE being essential for most of them. qT refers to the part of the quenching which is due to state-transitions, i.e. the reversible wavelength-dependent translocation of part of the PSII LHC antenna to PSI. So far, there is no experimental

  et al. (2014) 'Non-Photochemical Quenching ad Energy Dissipation in Plants, Algae and Cyanobacteria' in which I co-wrote a chapter together with Reimund Goss about the peculiar features on NPQ-XC in diatoms (P34bc). To be complete, I must also cite the recent following informative reviews: Wilhelm et al. (2014), Derks et al. (2015) and Goss and Lepetit (2015).

Fig. SR2 .

 SR2 Fig. SR2. The xanthophyll cycle (XC) in diatoms. The figure depicts i) the cofactor requirements of the enzymes diadinoxanthin (DD) de-epoxidase (DDE) and of the diatoxanthin (DT) epoxidase (DEP), ii) depicts the pH range of the thylakoid lumen where DDE is active, iii) the inhibition of DEP by the transthylakoidal H + gradient (ΔpH) (i.e. high ++ pH control). The + symbol after the cofactors ascorbate (Asc) and monogalactosyl-diacylglycerol (MGDG) indicate that only low concentrations are needed for high DDE activity. Adapted from P34bc.

I

  started my post-doctorate at the University of Konstanz in Germany (see § I-1-b). The use of different light regimes and inhibitors was preponderant before the post-genome period but, and although these chemicals are not always perfectly specific and require careful manipulation and interpretation of data, they turn out to be an interesting complement to the DDE use of 'NPQ mutants/transformants' until recently (see P26, P27, P02s) (see § I-1-a). The somehow ultimate purpose of these complementary works was to propose a mechanistic model for the NPQ mechanism, which was satisfying enough, at least as a solid enough working basis (P34bc) (see § I-1-c). Finally, we recently started to explore other aspects of the fast control of photosynthesis that broaden our view of the regulation of the synthesis of DD and DT, as well as Lhcx proteins, in and out of the NPQ framework (see the section ''Work in Progress', § I-1-b).

Fig. SR3 .

 SR3 Fig. SR3. My chronological study of NPQ-qE. See the Table SR1 below for further details

  .2 and P.t.4 strains ⇒ NPQ, XC, Δ pH § I-1-a, I-1-b + § I-1-b 'Work in Progress' Beyond NPQ : the redox regulation ⇒ XC, Lhcx § I-1-b 'Work in Progress' Genetic manipulation P.t.2 and P.t.4 strains ⇒ NPQ, XC, ΔpH, Lhcx § I-1-b + § I-1-a 'Work in Progress'

  in P. tricornutum with the one in other diatom strains. P26 is essential as it links my work on diatom physiology ( § I) with the one on diatom ecophysiology ( § III-1). In complement, we produced cells of P. tricornutum more or less enriched in DD-DT and consequently with different NPQ capacities by acclimating them to different light intensities (LL to ML, ML to HL). Although in complement with P05 these cells especially helped us to better understand the different DD-DT synthesis as a function of the light regime (different intensities and durations) and the different degrees of involvement of DT in NPQ, these data were never published elsewhere than in my Ph.D. manuscript; they are now synthesized here (pp 89-90).

  Fig. SR4. NPQ vs. DT relationship in P. tricornutum (P.t.2 strain). A-In 'low NPQ' and 'high NPQ' cells, linear regression is : NPQ = 1.04 [DT]. B-In the same cells in presence of increasing concentrations of DTT (0 to 200 µM), DTT is an inhibitor of the DD de-epoxidase (DDE), linear regression is NPQ = 0.99 [DT]; in 'low NPQ' cells in presence of increasing concentrations of NH4Cl, NH4Cl is an uncoupler which reduces the transthylakoidal ΔpH. C-NPQ induction and DT synthesis in 'low NPQ' cells (where a ΔpH, NPQ and DT are already present) as a function of progressive ΔpH increase obtained with diffusion of DCCD in the cells, DCCD is an inhibitor of the ATP synthase which generates the accumulation of H + in the thylakoidal lumen and thus increase ΔpH. Adapted from P01, P02 and P12.

Fig. SR5 :

 SR5 Fig.SR5: Relationship between NPQ and Δ522 nm (A-) and between NPQ and Chl a710-712 (B-) in P. tricornutum (P.t.2 and P.t.4 strains). NPQ was measured after 5 min illumination at 2000 μmol photons m -2 s -1 . Chl a710-712 was assessed as the ratio of Chl a fluorescence 711 nm / 687 nm. Three NPQ types of cells, 'low', 'medium' and 'high', were used; they correspond to CL, stationary phase of growth and IL cells, respectively. The exponential relationship NPQ vs. Δ522 nm was NPQ = 0.35 ×e (1.24 Δ522 nm) (R 2 = 0.93); the linear relationships NPQ vs. Chl a710-712 were NPQ = 8.10 × Chl a710-712 (R 2 = 0.99) and NPQ = 4.62 × Chl a710-712 (R 2 = 0.98) for the P.t.2 and P.t.4 strains, respectively. For P.t.2, NPQ vs. Δ522 nm were performed on 'low NPQ' cells in presence of NH4Cl (2 mM) and DTT (25 μM) during the illumination (open circles). Data (±SD) are the average of three independent measurements. For a more complete version of these figures (that further supports the exponential and linear fits), see P26.

  Fig. SR22 below).

  other. It was proposed that this characteristic is partially due to PSII cyclic electron transfer-PSII CET (see § I-1-e below): up to a prolonged exposure (several minutes) to a certain light intensity corresponding to ~Ek and a certain level of PSII reduction, PSII CET is enough to modulate the excitation pressure on PSII. Beyond EK, we verified that the development of NPQ was concomitant with an increase in excitation energy dissipation (P01). The amplitude of dissipation is function of the NPQ amplitude (i.e.

  Fig. SR7. Photoinactivation in P. tricornutum (P.t.2 strain) as a function of light intensity (A-) and illumination time (B-).Photoinactivation was assessed through the decrease in O2-evolving PSII; Athe illumination duration was 5 min for each intensity, B-E450 and E2000 are the two light intensities in µmol photons m -2 s -1 , E450 is the light intensity at which photoinactivation starts (see A-) and E2000 is close to full sunlight. Adapted from P01 and P14.

Fig. SR8 .

 SR8 Fig. SR8. NPQ vs. light intensity in P. tricornutum (P.t.2 strain) cells acclimated to increasing irradiances: from LL-low light (50 µmol photons m -2 s -1 ) to ML-medium light (500 µmol photons m -2 s -1 ) to HL-high light (1000 µmol photons m -2 s -1 ), respectively. The light exposure for each intensity was 5 min. Unpublished data.

Fig. SR9 .

 SR9 Fig. SR9. Kinetics of DD-DT synthesis over 98 h (A-) and 60 min (B-) of excess light exposure (A-500 and B-2000 µmol photons -2 s -1 ) in P. tricornutum (P.t. 2 strain, 'low NPQ' cells). A-the numbers refer to the 4 step DD-DT synthesis as described in the text below, B-the dashed line refers to the initial value of DD+DT pool size. Adapted from P05 and unpublished data.
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  Fig. SR10. NPQ vs. DT relationship in P. tricornutum (P.t.2 strain, 'low NPQ' cells) cells acclimated to increasing irradiances:from LL-low light (50 µmol photons m -2 s -1 ) to ML-moderate high light (500 µmol photons m -2 s -1 ) to HL-high light (1000 µmol photons m -2 s -1 ), respectively. Unpublished data.

  Fig. SR11. Isolation of the main complexes from the LHC antenna system in P. tricornutum (P.t.2 strain). A-Sucrose gradient showing the three main FCP complexes and their contribution to the cell Chl a amount loaded on the density gradient after treatment with a mild detergent (adapted from P04). B-Gel filtration (FPLC) profiles of the same three FCP complexes after the same treatment (adapted from P09). Inset: separation of the major LHCo complex into two sub-complexes through a second gel filtration (adapted from P09). C-Pigment content of the two LHCo-1 and LHCo-2 showing the enrichment of LHCo-2 in DD (adapted from P09). D-SDS-PAGE protein profile of the PSII minor FCP and LHCo complexes in 'low NPQ' and 'high NPQ' cells (unpublished data). The three upregulated polypeptides at ~15 kDa and ~20 kDa are highlighted.

  The DD-DT data describe here obviously argue for a possible co-regulation of i) the xanthophyll biosynthetic pathway, ii) the synthesis of the DD-DT binding LHC proteins, and iii) the synthesis and activity of the enzymes involved in the XC. Although I briefly reviewed some of these aspects (see P15r, P18r and P23bc) and we further explored points ii) and iii) (see § I-1-b below, and also the section 'Work in progress', § I-1-b), I am far from being a specialist of this topic and I must refer to and acknowledge the essential works by M. Lohr (Univ. Mainz-am-Frankfurt, Germany)[START_REF] Lohr | Carotenoid metabolism in phytoplankton[END_REF] (further completed byDambek et al. 

(

  almost) back to their original suggesting a fast inducible/reversible regulatory system.(panels D and E). This pattern is confirmed at the protein level (panel F) with a clear strong synthesis of Lhcx3 and the appearance of Lhcx2 during HL stress. Western-blot of Lhcx (panel F) was also successfully used for analyzing the light response of natural communities of benthic diatoms and isolated unialgal strains (see § III-2-b, and the section 'Work in Progress', § II-2-a).

  Fig. SR12. lhcx genes transcription levels under different light intensities and regimes in P. tricornutum (P.t.4 strain). Expression ratios are given in log2 transformed values as indicated by the color bar and represent relative amounts referring to 18S mRNA. All levels were normalized to the respective initial value and represent the mean of four independent measurements. Asterisks represent significant changes with a p-value < 0.05. A-C: 33 h experiments with A) darkness all along, B) 40 µmol photons m -2 s -1 illumination (LL-low light) from 8:00 until 00:00-midnight, C) 750 µmol photons m -2 s -1 illumination (mHL-moderate high light) from 8:00 until 00:00-midnight; D-E: 6 h experiments with D) LL illumination all along, and E) 2000 µmol photons m -2 s -1 illumination (HL-high light) for the first 2 h followed by 4 h of LL recovery. F: Western-blot of LL and HL samples as treated in D and E, respectively. A polyclonal LHCSR3 antibody of Chlamydomonas reinhardtii was employed, which detects 3 of the Lhcx proteins in P. tricornutum. Adapted from P27.

Fig

  Fig. SR13.Light intensity variation during 'sine light' (SL) and 'fluctuating light' (FL) regimes. In this example SL and FL maximum intensity is 500 µmol photons m-2 s-1, so-called SL 500 and FL 500.

Fig

  Fig. SR14. A-lhcx1, lhcx2 and lhcx3 transcript level evolution during exposure to a SL (500) and FL (500 and 1000) regimes (see Fig.SR13) in P. tricornutum (P.t.4 strain). SL or FL light treatments started at Day 1_8:00. Samples were taken 1 h before the maximum light intensity (see Fig.SR13just above). Transcript levels are expressed vs. the endogenous control rps mRNA. Significance is based on Student's t-test with a p-value < 0.05; a: transcript level is significantly differentially expressed compared to Day 0 under the same light treatment; b: transcript level from FL is significantly differentially expressed compared to SL; c: transcript level from FL 1000 is significantly differentially expressed compared to FL 500. B-Lhcx1, Lhcx2 and Lhcx3 protein synthesis evolution during exposure to SL 500 and FL 1000 regimes in P. tricornutum (P.t.4 strain). For Lhcx1 and Lhcx3, ratios were normalized on Day 0; as no Lhcx2 was detected on Day 0, its level was normalized on the relative intensity of Lhcx3 band on Day 0. Samples were harvested simultaneously as RNA samples. Immunodetection was the same as in Fig.SR12Fjust above. Unpublished data.

  more complex. As regards to their differential expression and synthesis, Lhcx1, Lhcx2 and Lhcx3 are obviously expected to play different functional roles in the light response and/or NPQ mechanism of P. tricornutum. While a role for Lhcx1 has been proposed (see § I-1-c below), the exact roles of Lhcx2 and Lhcx3 remain under debate (see below and see § I-1c, and the section 'Work in progress', § I-1-b). # redCAP gene and other light-responsive genes Because it falls out of the mains scope of this manuscript, only the transcript level light response is depicted here. The rest of this study is available in P28 and is described more in details in Appendix 1. Most of this work owes to the essential input of i) Arne Materna, a Ph.D. student at the University of Konstanz-Germany I co-supervised; ii) Sabine Sturm, my former Ph.D. student at the University of Konstanz, iii) Ansgar Gruber, post-doctorate at the University of Konstanz; iv) Bernard Lepetit, my former post-doctorate, and now post-doctorate at the University of Konstanz, as well as to the collaboration with the group of Angela Falciatore, CNRS / University P. et M. Curie-Pars VI. ___The contribution of NPQ-qE mutants/transformants to the diatom NPQ deciphering # dde-vde transformantsWe first silenced the transcription of the nucleus located dde-vde gene encoding for the DDE enzyme that is responsible for DD de-epoxidation (using antisense and inverted repeat approaches, for further technical details, see P24 and its supplementary material). The generation and characterization of ddeUE (UE for 'under-expressers') transformants with 50% and up to 70% reduction in DES and NPQ, respectively (and compared to the WT), provided a strong in vivo support to three main aspects: 1) the demonstration that the DDE-VDE uses DD as a substrate which was previously known only from in vitro studies[START_REF] Jakob | Unusual pH-dependence of diadinoxanthin de-epoxidase activation causes chlororespiratory induced accumulation of diatoxanthin in the diatom Phaeodactylum tricornutum[END_REF], it further supports previous works on the particular biosynthetic pathway of xanthophylls in diatoms[START_REF] Lohr | Carotenoid metabolism in phytoplankton[END_REF]; 2) the further demonstration of the tight and specific link between the irradiance, the dependent build-up of the transthylakoidal ΔpH, the DD deepoxidation, the 'activation' of DT molecules and the development of NPQ in the mechanistic model proposed for NPQ in diatoms (see above and the proposed NPQ mechanistic model in § I-1-c below) as well as the possible reasons for the discrepancy observed under some conditions of light between the regulatory NPQ partners by formerly using chemical/inhibitors with potentially unspecific effects (see § I-1-a above); 3) a solid basis for hypotheses about the potential functional role of the de-epoxidases related to the VDE-DDE, the VDL and VDR enzymes, their possible i) localization within the chloroplast, ii) role in the DD de-epoxidation and DT synthesis, and iii) regulation as a function of the ΔpH.

Fig. SR15 .

 SR15 Fig. SR15. NPQ development vs. DT amount in WT and two ddeUE transformants of P. tricornutum (P.t.4 strain) cells grown under LL. A-NPQ and DT data obtained as a function of light intensity for a 5 min light exposure, B-NPQ and DT were measured as a function of time at an irradiance of 450 µmol photons m -2 s -1 . The linear NPQ/DT relationships in A-obtained for WT was NPQ = 0.45 DT (R 2 = 0.98), for ddeUE_AS-198 NPQ = 0.24 DT (R 2 = 0.83) from ~1 mol DT 100 mol Chl a -1 , and for ddeUE_IR-5 NPQ = 0.23 DT (R 2 = 0.97).

(

  Fig. SR15B. These assumptions, if not speculations, are supported by several previous observations that VDL and VDR might have a different localization and functional role than DDE, starting

Fig. SR16 .

 SR16 Fig. SR16. NPQ induction as a function of light intensity in WT and transformants over-expressing dde (ddeOE) cells of P. tricornutum (P.t.4 strain). Cells were dark-acclimated for several hours so that the DT content of WT and dde transformants was similar ~0.2-0.4 mol 100 mol Chl a -1 .

Fig. SR17 .

 SR17 Fig. SR17. Map of the D1 protein locating the mutations for the four psbA mutants, and the QB pocket and the non-heme iron. The four mutants are named according to the amino acid exchange localization, i.e. for instance V219I means that at the position 219 of the D1 protein, the amino acid valine was replaced by isoleucine.

Fig. SR18 .

 SR18 Fig. SR18. Influence of mutations on the photoprotective processes under LL (50 µmol photons m -2 s -1 ) vs. moderate HL (~EK = 250 µmol photons m -2 s -1 ) conditions in the psbA mutants (V219I, F255I, S264A, L275W) and WT cells of P. tricornutum (P.t.4 strain). Left: the e -pathways within the PSII RC (see P16). Symbols: red star, mutation; size of the QA -/QB -, concentration of QA -/QB -; thickness of the e -arrows, value of the rETRmax and of the QB -to QA back-transfer; dotted feature of the O2-evolving complex (OEC) arrow, proportion of the disturbance of the OEC operation; arrow up, increased value (the true value is given in-between brackets); arrow down, decrease; flat arrow, no change.

Fig. SR19A .

 SR19A Fig. SR19A. A simplified model of the NPQ (qE) mechanism in P. tricornutum. The numbering refers to the sequence of the process steps leading to NPQ; the different size of the arrows between the up and down panels reflects the light intensity and the intensity of the photochemical ETR process, the same is true for e -and H + symbols. DD, diadinoxanthin; DDE, DD de-epoxidase; DT, diatoxanthin; DT*, activated state of DT; e -, electrons; ETR, e -transport rate; FCPs, Fucoxanthin-Chlorophyll Proteins; H + , protons; LHC, light-harvesting complex; Lhcx, LHC 'x'; PSII RC, photosystem II reaction centre; ∆pH, transthylakoid proton gradient. Adapted from P15r and CI12ti and following communications (see CV, pp47-48).

  Fig. SR19B. A working model for NPQ (qE) in pennate diatoms depicting the organization of the PSII LHC antenna system in 'low NPQ' and 'high NPQ' cells dark-acclimated and exposed to excess light conditions.It should be noted that this model is based mainly on observations in P. tricornutum; differences observed in other species are discussed in the text (see § III-1-a). Light and dark-grey circles are FCP polypeptides forming trimers and higher FCP oligomeric complexes, respectively; the latter are loosely bound to the PSII LHC antenna system and can disconnect under excess light exposure. Chl a710-712, chlorophyll a fluorescence emission band between 710 and 712 nm; DD, diadinoxanthin; DT, diatoxanthin; H + , protons; PSII RC, photosystem II reaction center, Q1-Q2, quenching sites 1 and 2; ΔpH, trans-thylakoid proton gradient; Δ522 nm, absorption change at 522 nm, Δ522 nm is a spectroscopic fingerprint that provides information on the engagement of DT in energy dissipation (P06, P26), i.e. its effective involvement in NPQ, it is similar to the Δ525-Δ535 nm in land plants[START_REF] Jahns | The role of the xanthophyll cycle and of lutein in photoprotection of photosystem II[END_REF][START_REF] Ruban | The photoprotective molecular switch in the photosystem II antenna[END_REF]. The model depicted here aims to illustrate the effective involvement of DT as an allosteric regulator of a conformational change in the LHC antenna. The conformational change is believed to be an aggregation of part of the LHC antenna generated by the protonation of FCP-binding sites (P12)[START_REF] Goss | The importance of a highly active and delta-pH-regulated diatoxanthin epoxidase for the regulation of the PS II antenna function in diadinoxanthin cycle containing algae[END_REF][START_REF] Büchel | Fucoxanthin-chlorophyll-proteins and non-photochemical fluorescence quenching of diatoms[END_REF]. Chl a710-712 is a spectroscopic fingerprint illustrating the ability to form oligomeric FCP complexes that disconnect from the PSII core under excess light conditions[START_REF] Miloslavina | Ultrafast fluorescence study on the location and mechanism of non-photochemical quenching in diatoms[END_REF][START_REF] Lepetit | Molecular dynamics of the diatom thylakoid membrane under different light conditions[END_REF] in order to amplify DT-dependent energy dissipation and thus NPQ (P27). Adapted from P34bc.

  1) direct quenching of excited Chl a at the Q2 site by DT via a transfer of energy from the respective S1 states of Chl a and DT as measured in vitro, or (2) together with proton binding, de-epoxidation of DD to DT could support a conformational change of the DD-DT-binding Lhcf-Lhcx proteins, thereby promoting disconnection of the FCP oligomers and formation of the Q1 site. This disconnection could also render the FCP oligomers more prone to changes of the ΔpH, and thus to protonations, which would further facilitate their aggregation. The possibility n°2 is supported by (i) the sensitivity of the Δ522 nm fingerprint to the ΔpHuncoupler NH4Cl and to the DD de-epoxidation-inhibitor DTT and (ii) numerous studies that succeeded in uncoupling ΔpH, DT and NPQ in several diatom species (P02, P12, P24) (Goss

(

  see also above § I-1-a and § I-1-b): (1) a certain magnitude of the ΔpH is needed for complete induction of NPQ, (2) NPQ can be modulated to a certain extent by the ΔpH in the presence DT, (3) NPQ can be modulated to a certain extent by DT in the absence of a ΔpH, once DT had been synthesized in the presence of a ΔpH (at light), and (4) DT is mandatory for NPQ. The possibility of a coupling between both a direct and an indirect effect of DT in NPQ is consistent with the synergistic effect of ΔpH and zeaxanthin in the NPQ-qE allosteric model of green plants

  as a function of strains/species and of the organism's acclimation to light (see § I-1-a and § III-1-a). Aside from i) the regulation of their transcription (see § I-1-b above, and the section 'Work in progress', § I-1-b), ii) the report that the synthesis of Lhcx2 and Lhcx3 is upregulated under light (see § I-1-b) and/or temperature stresses (see § III-2-b), iii) the stronger NPQ in lhcx3 over-expressing genetically modified lines of P. tricornutum (see the section 'Work in progress', § I-1-a), there is, so far, no more precise information on the exact involvement of Lhcx2 and Lhxc3 in NPQ in P. tricornutum (Lhcx4 being not responsive to the light trigger, see P27). Because lhcx3 is i) most likely up-regulated by ROS production (see the section 'Work in progress', § I-1-b), ii) Lhcx3 synthesis is higher after prolonged excess light (2 h, 2000 µmol photons m -2 s -1 ; P27, see also see the section 'Work in progress', § I-1-a) and temperature stress (see § III-2-b) as well as during 'sine light' and 'fluctuating light' regimes (see § I-1-b), and iii) it is paralleled with increasing DD-DT pool size and DT synthesis independent from DD de-epoxidation and enhanced NPQ (P27, see also § I-1-b), we

Fig. SR20 .

 SR20 Fig. SR20. Kinetics of the PSII CET and NPQ (qE) development in P. tricornutum as a function of time exposure to an irradiance of 450 µmol photons m -2 s -1 (left panel) and as a function of irradiance for a 5 min exposure (right panel). Adapted from P15r.

Fig. SR21 .

 SR21 Fig. SR21. The mechanistic model for the PS II CET in diatoms. Chl, chlorophyll; LHC, light-harvesting complex; NPQ, non-photochemical fluorescence quenching; OEC, oxygen evolving complex; PQ, plastoquinone; PSII, photosystem II; P680, Chl centre; Q, quinones. The '?' refers to the fact that the pathways from Cytochrome b559 to P680 possibly via alternative donors of unknown identity remains under debate. Adapted from P15r.

Fig. SR22 .

 SR22 Fig. SR22. Relationship between the potential for photochemistry (0-min < qP < 1-max) and the two fast photoprotective processes for the dissipation of the excess excitation energy: qN (similar to NPQ; open symbols) and the PSII CET (closed symbols) in P. tricornutum. Data were obtained by varying the light intensity at 5-min illumination intervals. Data (± SD) are the average of three to four independent measurements. Adapted from P14.

  photosynthetic activity via chlorophyll fluorescence (P10). This is when I definitely realized that my research could profit from methodological improvements that are themselves mostly based on expertise on the fine regulatory mechanisms of photosynthesis, and thus of chlorophyll fluorescence emission. Indeed, in vivo chlorophyll fluorescence has become an essential tool to evaluate the activity of microalgae in the lab as well as in the field, and the reliability of chlorophyll fluorescence measurement directly depends on a mix of technical and more 'theoretical' skills, namely a solid knowledge of: i) the fluorometer and of its use specificities, ii) the examined microalgae, their (eco-)physiology and ecology as well as their biodiversity if a community, iii) the specificities of their habitat if field measurements, especially in the case of the intertidal mudflats. Necessarily, this aspect was one of the major parts of my research plan when I started my CNRS position in 2008 (see 'Framework & Approach'). As a consequence of my on-going work on diatom physiology, and of my new focus on MPB diatoms and on their intertidal mudflat habitat, my new interest was very much focused on these new facets of my research. It includes:-the improvement of a widely used chlorophyll fluorescence analysis of photosynthesis, the Rapid Light Curves (RLCs), especially for MPB diatom natural communities in the field and in the lab as well (P21 and P19bc) together with a new mathematical modeling approach for their more complete analysis (P22); this work was especially performed together with Rupert Perkins, University of Cardiff-UK, Sébastien Lefebvre, University of Lille 1-France, Jean-

Fig. SR23 .

 SR23 Fig. SR23. Effect of NPQ induction degree on RLC pattern and output. A-Fluorescence induction kinetics in Navicula phyllepta under a 370 μmol photons m -2 s -1 actinic light; application of saturating pulses to measure Fm' are indicated by downward arrows after 10, 30, 60 s and when fluorescence reached 'steady-state' (140 s); NPQ = (Fm -Fm') / Fm'. B-RLCs of the same LL culture acclimated at 100 μmol photons m -2 s -1 for 1 h. C-rETRmax parameter as extracted from the RLCs built on N. phyllepta LL (100 μmol photons m -2 s -1 for 1h, see B-) and HL (400 μmol photons m -2 s -1 for 1 h) acclimated cultures. PPFD, Photosynthetic Photon Flux Density. Adapted from P10 and P19bc.

Fig. SR24 .

 SR24 Fig. SR24. Summary of the best RLC settings compromise for the most reasonable determination of photophysiological parameters. The diagram shows influence of the duration of RLC irradiance steps, the light acclimation prior to RLC and the photochemical and photoprotective processes (QA redox state and NPQ, respectively) on the determination of photophysiological parameters (rETRmax, α and EK) of a motile diatom-dominated biofilm. Adapted from P10 and P21.

  capacity for DT 'activation'; values ~1.5-2 or more indicate a positive cooperativity while values ~ 0.8-1 (the minimum reported) indicate a week cooperativity. These parameters were successfully used: 1) to compare NPQ features in P. tricornutum 'high' and 'low' NPQ cells (P22), confirming earlier data (P01, see § I-1-a), 2) to compare NPQ features in different planktonic diatom strains (P22), confirming earlier data (P14, see § III-1-b), 3) to compare NPQ features in the main growth forms of benthic diatoms (P35, see § III-2-a), 4) to characterize ex situ natural MPB diatom communities (P25, see § III-2-b), 5) to assess RLC-NPQmax during in situ monitoring in intertidal mudflats (P37, § III-2-b). Additionally, we successfully applied the same model to fit DT and DES vs. E curves which allowed us to extract the same respective parameters (i.e. DTmax, E50DT, nDT; DESmax, E50DES, nDES) to describe DD de-epoxidation and DT synthesis light response (P35, see § III-2-a).

Fig. SR25 .

 SR25 Fig. SR25. Comparison between the light-response curves of NPQ and rETR of Nitzschia palea grown under low (LL), moderate (ML) and high (HL) light. Estimates of the parameters of fitted NPQ vs. E and rETR vs. E curves are shown on the left and right sides of the curves, respectively. Adapted from P22.

Fig

  Fig. SR27. 'Light stress-recovery' experiment on a natural diatom MPB biofilm. A-Variation of PSII quantum yield, ΔF/Fm' (or Φ PSII), as visualized in false color by the Walz Imaging-PAM fluorometer during sequential exposure to LL ('pre-stress',55 μmol photons m -2 s -1 ), light stress under HL ('high light', 1200 μmol quanta m -2 s -1 , 180 min) and recovery under LL ('recovery', 55 μmol quanta m -2 s -1 , 15 min) for control sediment wells and for sediment wells treated with Lat A and with Lat A + DTT. B-Evolution of ΔF/Fm' during the whole 'light-stress recovery' sequence. C-Enlargement of the LL recovery period. Adapted from P25.

  carried out ex situ but out of the lab (i.e. under natural light conditions) of allowing the application of controlled and reproducible conditions, making it possible to directly compare the behavioral and physiological responses of natural samples collected in different locations (P35) and/or occasions (i.e. seasons, P25). The further complementary use of LED panels of different wavelengths allowed us to develop the new SPLC set-up (see Appendix 3), and to explore the influence of light quality on diatom cell motility (see the section 'Work in progress', § I-2-b).

Fig

  Fig. SR28. NPQ differences in P. tricornutum and S. costatum. A-NPQ induction vs. light intensity. B-NPQ induction vs. illumination time at 2000 µmol photons m - 2 s -1 . Adapted from P05 and P14.

Fig. SR29 .

 SR29 Fig. SR29. Differences in DT involvement in NPQ in P. tricornutum (P.t.) and S. costatum (S.c.). A-Relationship between DT synthesis and NPQ induction in S. costatum as a function of the illumination time (from 0.5 to 60 min) at 2000 μmol photons m -2 s -1 (triangles, R2=0.92) and as a function of the light intensity for an illumination time of 5 min (inverted triangles, R2=0.81); hence both curves meet for the cells sampled after 5 min illumination at 2000 μmol photons m -2 s -1 (highlighted area). The numbers refer to the X slope of the relationship NPQ = X × [DT]; the times refer to the illumination times. The same relationship with the same light conditions obtained in P. tricornutum (P.t.2 strain) cells is shown by a continuous line (circles, see § I-1-a, Fig. SR4 above). Adapted from P26.

  the early onset of NPQ, i.e. already for a (low) light intensity corresponding to the growthlight intensity (50 µmol photons m -2 s -1 ); -ii) the slow development of NPQ vs. DT vs. light for non-saturating irradiances which likely due to weak/slow 'activation' of DT due to limited protonation of the LHC antenna in conditions of low transthylakoidal ΔpH (see § I-1-c, Fig.SR19Babove) which could be due to the a lower number of Q2 NPQ loci and consequently to a lower Lhcx1 protein amount/synthesis[START_REF] Bailleul | An atypical member of the light-harvesting complex stress-related protein family modulates diatom responses to light[END_REF]; -iii) the apparent slow recovery of NPQ related to a limited epoxidation of DT likely due to a NADPH, H + shortage (also reported for the 'low NPQ' P. tricornutum P.t.4;[START_REF] Goss | The importance of a highly active and delta-pH-regulated diatoxanthin epoxidase for the regulation of the PS II antenna function in diadinoxanthin cycle containing algae[END_REF]; -iv) the low investment of de novo synthesized DT in the enhancement of NPQ (also observed for Thalassiosira weissflogii, see P05), instead it is likely that DT de novo molecules directly enhance the thylakoid matrix located DD-DT pool (see § I-1-a) where they can directly scavenge ROS and prevent/decrease damages due to oxidative stress[START_REF] Lepetit | Evidence for the existence of one antenna-associated, lipid-dissolved and two protein-bound pools of diadinoxanthin cycle pigments in diatoms[END_REF], this can be the result of a true light-responsive strategy under excess light prolonged illumination (i.e. DT de novo synthesis starts after ~30 min exposure at 2000 µmol photons m - 2 s -1 , see § I-1-a, Fig.SR9Babove) and/or to the saturation of DT-binding NPQ loci may be due to a low amount/synthesis of Lhcx3 (and Lhcx2) proteins accordingly to their potential functional role (see § I-1).

Fig

  Fig. SR30. Differences in the photoprotection vs. photochemistry balance in P. tricornutum and S. costatum. Relationship between the potential for photochemistry (0-min < qP < 1max) and the two fast photoprotective processes qN (similar to NPQ; open symbols) and the PSII CET (closed symbols). Data were obtained by varying the light intensity at 5-min illumination intervals. Adapted from P14.

Fig

  Fig. SR31. NPQ amplitude vs. light fluctuations. NPQ vs. light intensity in diatom strains isolated from different marine habitats. P.t., P. tricornutum; T.w., Thalassiosira weissflogii; S.c., S. costatum; T.p. T. pseudonana; T.o., T. oceanica. Adapted from P14.

Fig. SR32 .

 SR32 Fig. SR32. Light penetration in cohesive ('mud') and less cohesive ('muddy sand') sediment. Adapted from Cartaxana et al. (2011).

Fig

  Fig. SR33. The three main growth form of MPB diatoms. The main characteristics of their environment we have been interested in are precised. L, light; S, salinity; T, temperature; HL, high light; HS, high salinity; Δ, change.

  of L -high pore-water evaporation -strong probability for HL+HS at surface # Less cohesive sediments:

Fig

  Fig. SR34. NPQ induction vs. light intensity in the main growth forms of MPB diatoms. EPM-NM, epipsammon non-motile; EPM-M, epipsammon motile; EPL, epipelon; TYCHO, tychoplankton. Adapted from P35.

  photoprotective energy allocation as a function of light is drastically different in species adapted to a fluctuating vs. a more stable light environment. However, unlike in pelagic habitats, the trade-off between physiology and motility in MPB diatoms allows relatively micro-local co-existence (depending on the particle sediment size gradient) of different growth forms under the same overall light environment. It appears essential to take into account the functional diversity of MPB diatoms when evaluating the spatial (sediment microhabitat difference on a same flats or between flats of the same estuarine ecosystem) and temporal (light climate difference during an emersion, between seasons, etc.) dynamics of MPB diatom photosynthetic activity.

  Fig. SR36. Summary of the main ecophysiological features of the three main growth forms of MPB diatoms. L, light; S, salinity; HL, high light; LL, low light; mHL, moderate HL; HS, high salinity; Δ, change. Adapted from P35 and P36.

Fig. SR37 .

 SR37 Fig. SR37. Index of photoinhibition (decrease in ΦPSII, A-), of oxidative stress (degree of Chl a allomerization-AR, B-), and of photoprotection (NPQ, C-and DES, D-) in the MPB diatom community harvested at the French site (bay of l'Aiguillon). T0, situation before the HL stress; HL, HL stress (3 h, 1200 μmol photons m -2 s -1 ); Recov, 15 min LL recovery; LL, low light control; Ctrl, without Lat A; + Lat A, with Lat A. *, ** and *** indicate statistical significant differences. Adapted from P37.

  ' panel). It suggests that the inhibition of motility generates a strong preventive physiological answer in EPL diatom cells blocked at the surface of sediment (which can occur in situ during sediment desiccation for instance), an additional sophisticated hint that physiological and behavioral photoprotection are closely related in EPL diatoms.

Fig

  Fig. SR38. Lhcx proteins presence in MPB diatom communities harvested at the French (bay of l'Aiguillon) and Portuguese (Ria de Aveiro) sites. LL, low light; HL, high light (3 h, 1200 μmol photons m -2 s -1 ); -, without Lat A; +, with Lat A; N.p., Navicula phyllepta, the dominant species in these MPB communities; P.t., P. tricornutum strain 1. All samples are normalized to the same Chl a concentration (15 µg Chl a mL -1 ). Adapted from P37.

  Fig. SR39. Comparison of photoinhibition level (decrease in ΦPSII in MPB diatom communities harvested at the French (FR-bay of l'Aiguillon) and Portuguese (PT-Ria de Aveiro) sites. T0, situation before the HL stress; HL, high light stress (3 h, 1200 μmol photons m -2 s -1 ); Ctrl, without Lat A; + Lat A, with Lat A; *** indicate statistical significant differences. Adapted from P37.

Fig. SR40 .

 SR40 Fig. SR40. Lhcx proteins presence in MPB diatom communities harvested at the Portuguese site (Ria de Aveiro) and exposed at two temperatures. LL, low light; HL, high light (3 h, 1200 μmol photons m -2 s -1 ); -, without Lat A; + with Lat A; N.p., Navicula phyllepta, the dominant species in these MPB communities; P.t., P. tricornutum strain 1. All samples are normalized to the same Chl a concentration (15 µg Chl a mL -1 ). Adapted from P37.

  Fig. SR41. In situ environmental conditions and photosynthetic activity of MPB diatom communities during a summer diurnal emersion in Portuguese (Ria de Aveiro, Vista Alegre: A, C) and French (bay of l'Aiguillon, Esnandes: B, D) intertidal flats. (A, B) photosynthetic active radiation (PAR, μmol photons m -2 s -1 , black line) at the surface of the sediment and temperature (°C) at five depths (surface, -0.5 cm, -2 cm, -5 cm, -10 cm, grey lines); (C, D) ΦPSII (open squares) and NPQmax (closed circles). Local time (FR: UTC+1, PT: UTC).

  photoprotective light-response (NPQ) in Portugal was stronger and we could observe different dynamics in NPQmax (Fig.SR41C, D): at that time of the year (end of June) in Portugal, NPQmax was already high right from the beginning of the emersion although light intensity was still moderate and it remained relatively stable along the emersion while in France, NPQmax tended to follow the fluctuations of light intensity at the beginning of the emersion until it stabilized when irradiance maintained at its highest level. This differential pattern is in agreement with a possibly more dynamic MPB diatom community in France as regards to the coupling between motility and physiology, while the Portuguese community appears to rely more on physiology, as concluded in parallel by our lab experiments.

Fig

  Fig. SR42. Summary of the main ecophysiological features of EPL diatoms. L, light; S, salinity; T, temperature; HL, high light; LL, low light; mHL, moderate HL; HS, high salinity; HT, high temperature; Δ, change. Adapted from P35, P36 and P37.

  of L -high pore-water evaporation -strong probability for HL+HS and HL+HT at surface # Environmental adaptation: -to LL and weak fluctuations -to high S and large Δs -insensitive to mHL+HS -sensitive to HL+HT -L and may be T latitudinal adaptation # Light-response interplay: -strong motility -weak physiology, adjustable to high level if needed -seasonal and latitudinal dynamic balance IV_ Regulation of the diatom photosynthesis in intertidal mudflats : from the lab to the field This part is exclusively dedicated to in situ work on MPB diatoms and thus on intertidal bare flats. Indeed, before I got the CNRS position in the LIENSs laboratory I barely performed in situ work (see Appendix 2) and the work performed on phytoplankton in 2010-12 failed (see the 'Detailed CV' section, § VI-1-b).

  course the ultimate step is to perform and analyze field monitoring based on the knowledge generated ex situ in our pocket. Chronologically, my exclusive in situ works have started in February 2008, immediately after my hiring in LIENSs. Thanks to Christine Dupuy (LIENSs), who was the coordinator of an ANR Blanche program called VasiRéMi (see http://vasiremi.univ-lr.fr/ and http://www.sciencedirect.com/science/journal/13851101/92), I was involved in two intensive field surveys (9 days in February and 15 days in July) on the intertidal bare mudflat of Brouage in the Bay of Marennes-Oléron. In that framework, I participated i) to the measurement and analysis of the photosynthetic activity of MPB diatoms by chlorophyll fluorescence (unpublished data); ii) to the improvement of RLCs settings (P21, see § II-2-a);

  My chronologically second and most important involvement in situ work was during the Ph.D. of AlexandreBarnett in 2012. Although the survey was shorter (3-4 days), we monitored two seasons (spring and autumn) in complement to VasiRémi's surveys, and in two different habitats: the same Brouage mudflat where assemblages of EPL species dominate and the Bourgneuf-Liarne bare mudflat where assemblages of EPM species dominate. The main purpose here has been to confront our findings on the functional diversity of the lightresponse (P35, see § III-2-a) with in situ situation. Unfortunately, the light and temperature conditions we experienced were not as contrasted as hoped, and especially the spring conditions were mainly cold and cloudy. This survey was nevertheless rather complete, thanks to the input of Christine Dupuy, including not only environmental monitoring (light, temperature, pore-water salinity, pH, etc.) but also a rather complete analysis of MPB diatom communities: species identification, pigments, exopolysaccharides, chlorophyll fluorescence, spectro-radiometry and CO2 exchanges. So far the very most of these data are not even analyzed yet, except for pore-water salinity in cohesive (Brouage) and less cohesive (Bourgneuf-Liarne) sediments that supported our study on the effect of a coupled lightsalinity stress on the light-response of the main growth forms of MPB diatoms (P26, see § III-2-a).In 2013, on the invitation of Vona Méléder (University of Nantes, France) and in the framework of her EC2CO project (RPPNat03, see CV p 40), I participated to a similar field survey including the same EPM site (Bourgneuf-Liarne) and a closer EPL site (Bourgneuf-Coupelasse). The main purpose here was to couple chlorophyll fluorescence and spectroradiometry measurements, and thus to complete our 2012 set of data, in order to produce a model that would ultimately allow to generate production maps in intertidal flats based on hyperspectral remote sensing; this work is better described in the 'Perspectives' section ( § II-1-b). On that occasion, we took the opportunity to sample sediments on both sites, two seasons (spring and autumn), and all along diurnal emersion, to analyze the dynamics of Lhcx proteins. These samples are currently being analyzed; this work is related to the part 'Ecophysiological response of diatom photosynthesis: lab experiments with a field perspective' in the 'Work in Progress' section ( § I-2-a).The main persons who helped me to gain access to the field, and with whom I could learn more about intertidal mudflats, natural MPB diatom communities and their analysis, especially with chlorophyll fluorescence, which ultimately helped me to broaden my field of expertise towards ecology are: Christine Dupuy, Vona Méléder and Sébastien Lefebvre (University of Lille I, France; see also § II-2-a). In that framework, I must also cite the deep enthusiasm and essential input of Alexandre Barnett, my former Ph.D. student at the University of La Rochelle.

Fig

  Fig. SR43. Monitoring of NPQ during diurnal emersion at two seasons on the intertidal bare mudflat of Brouage (bay of Marennes-Oléron).

Fig. SR45 .

 SR45 Fig. SR45. Typical dynamics of Chl a biomass in sediments in winter and summer. t0, beginning of the emersion; t1, middle of the emersion; t2, end of the emersion.

Fig. SR46 .

 SR46 Fig. SR46. Coefficient of variation (CV) of different photophysiological parameters and at several time scales. ΔF/Fm' is ΦPSII.

Fig

  Fig. SR47. NPQmax vs. DT in EPL-and EPMdominated communities. The linear regressions fits the relationship up to ~1.5 mol DT 100 mol Chl a -1 .

Fig. WP1 .

 WP1 Fig. WP1. In progress characterization of lhcxOE transformants in P. tricornutum (P.t.4 strain).Alhcx transcript level in LL-acclimated lhcx1OE, lhcx2OE and lhcx3OE transformants as compared to the WT cells. B-NPQ induction for a light intensity of 1250 µmol photons m -2 s -1 in LL-acclimated lhcx1OE, lhcx2OE and lhcx3OE transformants as compared to the WT cells.

  under both SL 500 and FL 500 regimes right from the beginning of both light regimes; ii) the up-regulation of Lhcx2 under the SL 500 regime after 24 h exposure; iii) the mirrored behavior of the DD-DT pool size with a dramatic increase during the first 24 h exposure, followed by a steady slow increase with no difference between the three types of cells (not shown). Although preliminary, these data illustrate i) how the naturally 'low NPQ' P.t.4 strain NPQ capacity is limited by its Lhcx2 content; ii) how a strong NPQ can buffer the light fluctuations and regular exposure to moderate HL, supporting ecophysiological implications (see the section 'Synthesis of Research', § III-1-b and § III-2-a); iii) how Lhcx2 and Lhcx3 are involved in enhancing NPQ capacity together with the DD-DT additional molecules. It is likely that both provide additional NPQ locus by binding additional DT molecules synthesized during prolonged exposure to excess light.More work is obviously needed to exploit at maximum the information such transformants could bring as regard to the exact functional role of Lhcx proteins in the NPQ process and to a larger extent in the light-response of P. tricornutum.

Fig. WP2 .

 WP2 Fig. WP2. NPQ evolution of lhcx1UE and lhcx1OE transformants as compared to the WT cells in P. tricornutum (P.t.4 strain). A-'Sine light' regime with a maximum intensity of 500 µmol photons m -2 s - 1 (SL 500). B-'Fluctuating light' regime, FL 500. See § I-1-a, Fig. SR13 above for a visualization of the light regimes. The arrows up indicate the starting of the SL 500 and FL 500 regimes.

  photosynthesis: lab experiments with a field perspective', the below studies relate to the § III-2-and § III-2-b, Epipelic MPB diatoms: the interplay between behavioral and physiological response / light-temperature coupled response.

Fig. WP3 .

 WP3 Fig. WP3. Lhcx proteins presence in samples of Halamphora coffeaeformis (EPL) exposed to different lights and temperatures. LL, low light; HL, high light stress (2 h, 2000 µmol photons m -2 s -1 ). CP47 serves as a loading control. All samples are normalized to the same Chl a concentration (1 µg Chl a mL -1 ). Preliminary data.

Fig. WP5 .

 WP5 Fig. WP5. Dynamics of EPL diatom biomass at the surface of sediment vs. tidal cycle and photoperiod. The in situ water level is the one measured at the site where the sediment were harvested. Unpublished data.

Fig. WP6 .

 WP6 Fig. WP6. Effect of artificial darkness and 'white' light of different intensities on the EPL diatom PAB during diurnal emersion. PAB in all light conditions is normalized to the PAB measured under ambient light conditions that serves as a 'natural control'. Unpublished data.

  at the surface of sediment

Fig. WP7 .

 WP7 Fig. WP7. Effect of artificial blue (435 nm) light of different intensities on the EPL diatom PAB during diurnal emersion as compared to the effect of artificial 'white 'light. PAB in all light conditions is normalized to the PAB measured under ambient light conditions that serves as a 'natural control'. Unpublished data.

  Fig. WP8. Location of our field monitoring site and maps of MPB diatom biomass and production. A-The different maps sequentially locate the bay of Marennes-Oléron, the intertidal mudflat of Brouage and our field monitoring site (2015-05-18, 10:54, spatial resolution = 6 m). The map on the right shows the MPB diatom biomass using the NDVI index based on the visible and near infra-red pigment reflectance (see[START_REF] Benyoucef | Microphytobenthos interannual variations in a north-European estuary (Loire estuary, France) detected by visible-infrared multispectral remote sensing[END_REF]. B-Production vs. light intensity (E) normalized to NDVI, definition of parameters can be found in the table at the end of the 'Scientific Framework' section; the model used to fit the P-E curve is the Platt et al. model[START_REF] Platt | of photosynthesis in natural assemblages of marine phytoplankton[END_REF] which includes the photoinhibition parameter (β) as a control of production for high irradiances (in this example photoinhibition starts at 800 µmol photons m -2 s -1 ). C-Example of MPB diatom production map (2015-05-18) as the result of combination of A-and B-using the Platt et al. model[START_REF] Platt | of photosynthesis in natural assemblages of marine phytoplankton[END_REF]. Maps A-and C-were generated by Astrid Lerouxel and Laurent Barillé, University of Nantes.

  potential longer term 'Perspectives' to my work are obviously part of a gradient together with the above pieces of 'Work in Progress' and with the below and immediate 'Future Research', and ii) they mostly deal with the MPB diatom/intertidal flat part of my recent research activities in LIENSs, here I will only focus on ideas about how to possibly go on with improving our assessment of diatom-based primary production in intertidal flats.

Fig

  Fig. WP9. Scheme of the main events occurring to EPL diatoms in intertidal mudflats during diurnal emersion and immersion. Adapted from[START_REF] Blanchard | Analyse conceptuelle du système de production primaire microphytoenthique des vasières intertidales[END_REF].

  photoprotection/photoacclimation (i.e. Lhcx, DDE; we already know that some of these genes show a circadian regulation, see 'Synthesis of Research', § I-1-b, and Appendix 1), photoreceptors (aureochromes,[START_REF] Depauw | Exploring the molecular basis of responses to light in marine diatoms[END_REF] and cell division, i.e. cyclines, Huysman et al., 2013) partners. Procedures used on natural EPL communities are described above in § I-2-b and in the section 'Synthesis of Research', § II-3 and § II-2-b. Furthermore, A. Barnett also showed that it is feasible to analyze the cell division status by flow cytometry on MPB diatoms extracted from sediment, although this procedure would necessitate some improvements. The use of the motility inhibitor Lat A on S. robusta in sediment and on natural EPL communities will further help to disturb the tidal and/or light rhythmicity and hopefully to identify essential partners of the synchronization.

  

  

  

  Christian Bruckner, et bien sûr ma technicienne favorite : Doris, la femme aux cheveux de feu qui écrit des poèmes multilingues. Je dois aussi associer à ses remerciements Christian Wilhelm, Torsten Jakob et Reimund Goss de l'Université de Leipzig. J'ai adoré séjourner dans cette ville plusieurs fois entre 2004 et 2010, et j'apprécie énormément de travailler avec ce groupe : c'est une école de la précision et de la rigueur à laquelle je reviens régulièrement. La période du post-doctorat n'est pas évidente, on se retrouve le c… entre deux chaises au niveau professionnel et privé, mais ces 4 années-là, ce furent aussi, pour moi, l'exotisme (oui, oui en Allemagne), l'impression de vacances perpétuelles dans un cadre idyllique, et des tonnes d'amis que je ne peux pas tous citer ici mais qui savent : merci mes amis pour les souvenirs inoubliables ! C'était la belle vie… mais la belle vie est un piège, mon contrat de 3 ans + 3 ans était là pour me le rappeler, et la belle vie devait prendre fin, le concours CNRS était là pour me le rappeler. Nous travaillons donc sur un projet avec Pierre Richard et Gérard Blanchard. Je passe l'oral, tous les voyants sont au vert, si ce n'est que le comité de sélection a peur que 'je reste dans mon labo à faire de la paillasse et que je n'aille pas sur le terrain' (parfois les comités sont peu clairvoyants…), et comme me le dit un de mes rapporteurs 'tu as tout bon, mais ce ne sera pas pour cette année, ne m'en demande pas plus' : pour la première et seule fois de ma vie, j'ai failli passer un téléphone par la fenêtre. On est au printemps 2006, le CNRS vient d'échouer à nouveau et j'ai la possibilité de quitter Konstanz pour débuter un nouveau postdoctorat à Villefranche-sur-Mer avec Marcel Babin. D'un commun accord, nous décidons de de la bourse de recherche DFG et la pérennisation du financement de doctorat de Sabine Sturm : sans cette bourse, mon contrat d'Assistant Professeur n'aurait pas été renouvelé en juillet 2007, cela aurait eu peu d'importance au final mais ça je ne le savais pas encore ; et cette année et demie sera encore plus essentielle d'un point de vue privé que professionnel mais ça c'est une autre histoire. Printemps 2007 : rebelote CNRS donc, je mise tout sur la section 20, sur LIENSs, Gérard Blanchard a tellement travaillé au corps en coulisse que je ne suis plus qu'en compétition qu'avec moi-même ; à la dernière minute j'hésite à saborder l'affaire pour rester à Konstanz, mais au fond de moi, je sais que c'est l'opportunité d'une vie, et que Konstanz est une cage dorée dans laquelle je finirai par me brûler les ailes... Je suis recruté, je débute en janvier 2008. Deux personnes auront donc été essentielles pour mon entrée au CNRS : Pierre Richard et surtout Gérard Blanchard, je les remercie tous les deux du fond du coeur. J'ai passé de très bons moments avec le premier à prospecter les sites Richard, je devais suivre ma propre voie, proposer autre chose, ce serait difficile, ça l'a été, mais ce serait tellement plus 'gratifiant' et payant, et ça l'a été. Dès le début, je suis quand même pris en main par Christine Dupuy qui m'invite à intégrer son ANR VasiRéMi, je la remercie beaucoup pour ça, aussi pour la confiance accordée lors de certains arbitrages et pour la remplacer à des bureaux de laboratoire et des réunions budgétaires entre 2009 et 2012, ainsi que pour son aide dans l'encadrement du doctorat d'Alexandre Barnett. VasiRéMi a été Brouage en février 2008, une crève d'enfer, l'aéroglisseur tombe en panne, on doit rentrer à pieds avec Sébastien Lefebvre avec une seule luge pleine de matériel et la marée qui nous lèche le derrière. Là, je dois remercier Sébastien (avec qui j'avais co-écrit en 2006, mais que je n'avais jamais rencontré), pas pour m'avoir sauvé la vie (bon, il ne faut pas non plus exagérer) mais pour m'avoir appris à manipuler un fluorimètre sur la vasière et à mesurer l'activité photosynthétique du microphytobenthos in situ. La partie scientifique de l'aventure LIENSs va être largement détaillée dans la suite de ce manuscrit. Avant d'en arriver là, et dans l'ordre pas du tout chronologique, je dois remercier Jean-Luc Mouget pour plein plein de choses (en vrac : le combi, Sherlock Holmes, le rugby, les idées fumeuses, etc.) et en particulier pour m'avoir intégré à ses PHCs Pessoa et Alliance en 2008 et 2009 et à son consortium international BIOVADIA en 2015. Ces projets m'ont est une belle collaboration qui m'a beaucoup appris, en particulier sur les aspects du travail sur les communautés naturelles ex situ et sur des aspects méthodologiques qui sont la marque de fabrique de Joao. Et nous avons beaucoup produit. Je le remercie pour ça, et je tiens aussi à remercier son post-doctorant Martin Laviale et son doctorant Joao Ezéquiel sans qui une bonne partie de ce travail n'aurait pas vu le jour. Nous nous sommes bien amusés aussi, et Evaristo restera à jamais un de mes restaurants préférés. Muito obrigados !!! Il y a eu aussi Philippe Juneau, le 'québecquois', chez qui j'ai passé l'été 2010 et qui ensuite est venu travailler à LIENSs tous les ans entre 2011 et 2014. Par-delà le travail et les échanges d'étudiants, c'est aussi une très belle amitié, et quelqu'un avec qui j'aime travailler : c'est toujours le fun avec Philippe ! Une collaboration qui à l'évidence se poursuivra sur son territoire dans les prochaines années. Est venue également se greffer une collaboration Isabelle Lanneluc, je les remercie pour m'avoir invité à participer au comité de thèse de leur doctorante Ibtissem Dohgri, c'est une collaboration très stimulante. Dans le même cadre, merci aussi à Hélène Montanié pour m'avoir invité à travailler sur les aspects interactions entre virus et diatomées, un champ d'investigation porteur et sans limite. Et le transdisciplinaire dans tout ça ? Un grand merci à Benoît Lebreton et à Laurent Picot pourm'avoir mis le pied à l'étrier dans ce cadre, j'ai apprécié les nombreuses discussions passées à refaire le monde, c'était très stimulant et, presque contre toute attente : ça a marché !!!! C'est une belle aventure, j'espère qu'elle continuera également, avec ou sans moi : l'avenir est en grande partie là. Merci également à Agnès Michelot, Audrey Rivaud, Thierry Sauzeau, sans qui notre projet n'aurait pas été viable, et que j'ai plaisir à côtoyer régulièrement ; et même si je ne comprends pas toujours le parler juriste (!), on a eu de bons fous rires. Enfin, je remercie plus avec des 'élèves' qui apportent leur eau au moulin, c'est sublime. Et quand ça fonctionne, c'est ultra productif, et à seulement trois on a abattu des montagnes de travail. Après 17 ans de ce métier, qui est un métier de passion comme on dit, ce que j'ai découvert c'est la passion de l'humain (et pourtant je ne suis pas du tout un exemple de sociabilité), celui en devenir, celui qui ne demande qu'à être façonné tout en restant libre, fort de lui-même autant que de l'autre, du 'mentor'. Si j'ai appris une chose, si j'ai eu une révélation primordiale pendant mes 7 ans et demi à LIENSs, c'est celle-là. Il y a beaucoup de moments intenses que je pourrais citer ici pour illustrer mes propos, des souvenirs impérissables, il y en beaucoup trop en fait, et il y en a à venir, et je sais qu'il y en aura d'autres : Alex et Bernard, mille mercis pour me les avoir fait partager avec vous, ce fût grand, ça restera grand, et j'espère que vous trouverez votre voie comme j'ai trouvé la mienne.
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Merci aussi à tous les étudiants et doctorants du M9 que j'ai eu la chance de côtoyer et, pour certain(e)s, d'encadrer : Oli Kilian, Arne Materna, Sabine Sturm, Ansgar Gruber, Sascha Vugrinec, Stefanie Bürger, Verena Reiser, Pitter Huesgens, Holger Schuhmann, Et nous voici de retour à La Rochelle, à LIENSs. Là aussi, le hasard a été prépondérant ; je ne me souviens plus exactement de la raison pour laquelle j'ai contacté Pierre Richard en novembre 2005. J'imagine vaguement que j'avais dû regarder les sites web du CRELA et du LBEM, je mettais rendu compte qu'il y avait des activités sur les microalgues, que La Rochelle (que je connaissais à peine) c'était cool, et j'avais décidé d'envoyer un CV, histoire de dire. Et la machine s'est emballée très rapidement car Pierre Richard et Gérard Blanchard cherchaient justement un candidat à présenter au CNRS. Là je dois ouvrir une parenthèse : avant de postuler 2 fois au CNRS pour le LIENSs, j'avais essayé une première fois en 2005 (et aussi en 2006 d'ailleurs) pour l'ECOBIO à Rennes ; dans ce cadre c'est Yvan Lagadeuc qui m'avait ouvert les yeux en me convaincant que mon dossier était recevable au CNRS, ce que je n'aurais jamais envisagé au préalable : je le remercie pour cela. ne pas finaliser pour une raison pragmatique : le salaire, beaucoup plus élevé de l'autre côté du Rhin. Et comme le dit la chanson 'come to believe that I better not leave, before I get my chance to ride'. L'année et demie qui suivra sera très importante, en particulier grâce à l'obtention d'étude terrain (l'Aiguillon et Brouage, en particulier) et avec le second, dans son bureau de l'Houmeau, à bosser, rebosser et rerépéter mon oral jusqu'à l'overdose ; j'ai beaucoup appris des deux, des choses très différentes, et j'ai regretté de ne pas en apprendre plus, mais ça devait se passer comme ça. En effet, dès le début Gérard Blanchard me dit 'maintenant, tu dois vivre ta vie de chercheur indépendant' tout en attendant beaucoup de moi 'tu dois être une locomotive pour la recherche à LIENSs', et 4 mois seulement après mon arrivée, il devient Président de l'Université et quitte la direction de LIENSs : gloups, là je me suis vraiment senti lâché au milieu de nulle-part ! D'autant que la réacclimatation à la France est difficile : je me rends compte que même si je ne parle toujours pas la langue, je suis devenu à moitié allemand (je retourne d'ailleurs régulièrement à Konstanz en 2008, et puis ça s'estompe en 2009 et 2010, et puis plus rien ou presque). Mais finalement, l'isolement était un mal pour un bien : je ne voulais pas et ne devais pas refaire comme proposé avant par l'hydre Blanchard-Guariniimportant pour deux raisons : 1) réapprendre le modèle du travail collectif à la française, à l'opposé du modèle plus individuel à l'anglo-saxonne, et qui est suivi en Allemagne, 2) réapprendre le travail terrain, et appréhender la vasière. Et là j'ai été servi : première sortie sur permis de rentrer en contact avec les communautés anglaise (Roo Perkins), portugaise (Bruno Jesus et Joao Serodio) et nantaise (Laurent Barillé et Philippe Rosa) du microphytobenthos ; et aussi de renouveler une collaboration avec Doug Campbell au Canada, qui me servira très certainement dans un avenir proche. Le travail avec Nantes a en fait débuté dès fin 2008 par la visite de Vona Méléder que je connaissais déjà depuis 2002 : elle voulait monter une ANRjcjc, quelle drôle d'idée… j'ai essayé de coordonner le montage du projet deux années de suite, mais après 5 ans d'affilée à sacrifier mes vacances de Noël (3 ans CNRS, 2 ans ANR), j'en ai eu marre, j'ai laissé tomber, l'ANR mais pas Vona. Vona Méléder (à qui je dois associer les 'nantais' déjà cités plus haut, et le récemment recruté Bruno Jesus), c'est une grande et belle amitié : c'est mon copain à casquette rose ! Nous avons sillonné les vasières de la côté Atlantique ensemble, par tous les temps, en toute saison. J'ai particulièrement aimé notre co-encadrement du M2 de Pierre Gaudin et du doctorat d'Alexandre Barnett : sans Vona, ça aurait été beaucoup plus compliqué... Et le tout a été très productif, on a visé haut, ça a pris du temps et beaucoup de travail, et on a décroché les étoiles, et c'est-pas-fini !... Mais surtout qu'est-ce qu'on s'est marré !!!! Le summum fût quand même le congrès à Gand en Belgique : l'escalier après la Kwak, ché hôôôôôôô. Peut-être dans quelques mois nous serons aux antipodes l'un de l'autre, moi dans la glace Arctique, Vona sous le soleil du Pacifique, un peu comme nos caractères (même si au fond, je suspecte que nous ne soyons pas si différents), mais je sais que nous continuerons de travailler ensemble : les diatomées ne peuvent se passer de nos blagues à deux balles, charriages à tout va et gros fous rires. Le travail avec Joao Serodio, lui, a réellement commencé en 2010 avec sa venue à LIENSs sur un programme 'chercheurs invités' du CNRS, puis nous nous sommes revus très régulièrement à La Rochelle et à Aveiro en 2012 et 2013 dans le cadre de son projet FCT et de notre PHC Pessoa. C'inattendue avec le groupe de Wim Vyverman de l'Université de Gand en Belgique. J'y suis allé pour la première fois fin 2011, et nous avons ensuite poursuivi de manière fructueuse dans le cadre d'un PHC Tournesol (2012-13) et avec les visites régulières à LIENSs (4 au total entre 2012 et 2014) du doctorant Lander Blommaert, que j'ai plaisir à aider. Là aussi, c'est une école de la rigueur et de la précision, et je dois remercier Koen pour son aide précieuse dans le cadre du doctorat d'Alexandre Barnett, ainsi que Wim pour avoir accepté de rapporter cette thèse. Merci aussi Koen de m'avoir invité à co-animer une session de l'International Diatom Symposium en 2012, c'était une grande première pour moi ! Gand est une très belle ville où j'ai aimé séjourner. J'ai eu aussi plaisir à travailler avec le groupe d'Angela Falciatore dans le cadre du post-doctorat de Bernard Lepetit, ainsi qu'avec celui de Christophe Brunet, en particulier son doctorant Vasco Giovagnetti. Le séjour à Naples en 2010 est inoubliable ! Enfin, le plus récent de ces collaborateurs que je me dois de remercier est Christian Bruckner, un ancien doctorant de Konstanz, qui m'a invité à participer à son projet sur la mariculture des macroalgues dans les fjords du nord de la Norvège. J'avoue avoir été dubitatif au début mais les deux séjours à Bodo et Inndyr en 2014 m'ont régalé, j'ai retrouvé avec beaucoup de plaisir une recherche plus appliquée. Et j'espère que cette collaboration va perdurer, ne serait-ce que pour les parties de pêche et les ventrées de saumon ! Et alors, les collaborateurs internes à LIENSs ??? J'ai déjà cité plus haut Christine Dupuy. Je remercie également Hélène Agogué pour son invitation à participer à deux de ses projets EC2CO et au doctorat de Céline Lavergne sur les interactions bactériesmicrophytobenthos, je regrette que nous n'ayons pas poussé plus avant cette collaboration. Ceci dit, c'est un aspect que j'ai continué d'explorer, différemment, avec Sophie Sablé et Gilles Radenac pour les discussions et les bons conseils, et pour m'avoir parrainé au sein de sa famille de pronostiqueurs. Hors science : merci au groupe des badmintoniens assidus à commencer par Benoît Simon-Bouhet, Thomas Lakoué et Nicolas Becu, c'était essentiel de pouvoir se défouler toutes les semaines dans un cadre de compétition amicale ou les vannes fusaient plus que les volants ! Et bien sûr il y a toutes les personnes que j'ai croisées à LIENSs et que j'ai rencontré régulièrement au dehors, et qui pour certain(e)s sont devenu(e)s des ami(e)s, je pense particulièrement dans le désordre à David, Thomas, Caio, Sébastien, Joana, Florence, Benoît, l'autre Benoît, Luc, Pascaline, j'en oublie certainement, je m'en excuse. Mais je pense surtout à Marion qui a été la première avec qui j'ai noué des liens au

LIENSs. Avoir le bureau de Marion quasiment en face du mien, c'était un gage de 'coolitude' quotidienne : j'étais sûr qu'il y aurait toujours un mot gentil, un sourire, beaucoup de rires.

Pour moi, il y a eu un avant et un après Marion à LIENSs. J'ai commencé mes remerciements à LIENSs par une paire, je les termine de la même manière, par les deux personnes que je considère comme les plus importantes car j'ai eu la tâche ardue de les 'encadrer' : Alexandre Barnett en doctorat/ATER/ingénieur (2010-2015) et Bernard

Lepetit en post-doctorat (2010Lepetit en post-doctorat ( -2012))

. Pourquoi ces deux gugusses sont aussi importants que ça ? Parce qu'il n'y a rien de plus dur et de plus enrichissant que de prendre la responsabilité de former des jeunes en devenir, de les former à la science, à la recherche, à tout ce que ce métier implique, mais aussi de les former humainement : tout ici est une école de la vie, à commencer par l'humilité et la persévérance, c'est pas la marine mais ça y ressemble. Et en les formant, on se (re)découvre soi-même, on se transcende, on s'entraîne tous ensemble vers un autre niveau de perception individuelle et collective ou le scientifique et l'humain sont idéalement entrelacés : tendre vers la perfection tout seul c'est sympa mais à plusieurs et en Et l'avenir, on ne le remercie pas l'avenir ? L'avenir c'est l'UMI Takuvik à l'Université Laval à Québec-ville dans la Belle Province, anciennement Nouvelle-France. L'avenir c'est l'Arctique, ses blooms de phytoplancton printaniers et ses diatomées des glaces. Un avenir froid, certes, mais un avenir blanc, pur et lumineux (ça va carrément changer de la vase !). Et si cet avenir existe c'est avant tout grâce à Marcel Babin, oui, celui plus haut, de 2006, et oui, les fils de la destinée sont sacrément entremêlés… Un grand merci pour la confiance, j'espère ne pas la décevoir. Et comme dit plus haut 'Le parcours/bilan scientifique et professionnel d'un chercheur est très souvent intimement lié à son parcours/bilan personnel'. Dans mon cas, ça ne peut pas être plus vrai. Quand je suis arrivé à La Rochelle j'étais un peu au fond du trou, je ne savais pas qu'un an et demie plus tard, j'allais faire la plus belle et la plus importante des rencontres, juste là, dans l'encadrement de la porte de mon bureau. Je m'étais juré 'jaaaaaaaaamais au travail, non-non-non-non-non-non-non-non-nooooooooooon, trop compliqué' (!), tout cela a volé en éclats en un regard ; et je me revois me disant 'et meeeeeeeeeeerde' tout en souriant au destin. Et finalement, ça été très facile, l'évidence comme un piano tombé du ciel, c'est toujours facile. Une paire d'yeux noirs… je ne pouvais pas avoir peur de m'y noyer, pas moi. Blanche, tu m'as apporté un amour sans fond, un soutien sans faille, des joies sans cesse renouvelées, deux magnifiques garçons, et maintenant tu m'emmènes vivre un nouveau morceau de vie sur la terre de mes rêves : un merci serait bien trop peu. UMRi7266 'LIENSs-Littoral, Environnement et Sociétés' Centre National de la Recherche Scientifique (CNRS) -Université de La Rochelle Institut du Littoral et de l'Environnement (ILE) 2, rue Olympe de Gouges 17000 La Rochelle cedex, France Tél / Fax : +33-(0)5.46.507645 / 458264 E-mail : johann.lavaud@univ-lr.fr Web-sites: LIENSs : http://lienss.univ-larochelle.fr/Lavaud-Johann-CR1 Research Gate : http://www.researchgate.net/profile/Johann_Lavaud/?ev=hdr_xprf Google Scholar : http://scholar.google.fr/citations?user=VJojlMoAAAAJ&hl=fr&oi=sra Scopus Author ID : http://www.scopus.com/authid/detail.url?authorId=7005438082 Researcher ID : http://www.researcherid.com/rid/N-6185-2014 ORCID : http://orcid.org/0000-0002-4704-2502 LinkedIn : http://fr.linkedin.com/pub/johann-lavaud/71/416/31a IdHAL : johann-lavaud in https://hal.archives-ouvertes.fr/search/index
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	PSB Abbreviation Meaning Phytoplankton spring bloom Chl PSI Photosystem I Chlorophyll Chl a710-712 PSII Photosystem II Chl a fluorescence emission band between 710 and 712 nm CHX PSII CET PSII cyclic e -transfer Cycloheximide CL P.t. Phaeodactylum tricornutum Continuous light D QA, QB Quinones Darkness DBMIB qE Part of NPQ, 'energy-state' quenching 5-dibromo-6-isopropyl-3-methyl-1,4-benzoquinone DCCD qI Part of NPQ, 'photoinhibitory' or 'sustained' quenching N,N'-dicyclohexyl-carbodiimide DCMU qN Non-photochemical quenching of Chl fluorescence (=NPQ) Diuron, 3-(3,4-dichlorophenyl)-1,1-dimethylurea DD qP Photochemical quenching of Chl fluorescence Diadinoxanthin DDE Q1, Q2 Quenching sires 1 and 2 DD de-epoxidase DES RedCAP Red lineage chlorophyll a/b-binding-like DD de-epoxidation state DT RLC Rapid light curve Diatoxanthin DTT ROS Reactive O2 species Dithiothreitol D1 Sepx Stress-enhanced protein 'x' PsbA protein of the PSII reaction center E SL Sine light regime Light intensity EPL SPLC Single pulse LC Epipelon EPM TYCHO Tychoplankton Epipsammon EPM-M SR 'Synthesis of Research' section of the present manuscript EPM motile EPM-NM UE Under-expresser EPM non-motile ETR VDE Violaxanthin de-epoxidase Photosynthetic e -transport rate e -VDL Violaxanthin de-epoxidase like Electron FCP VDR Violaxanthin de-epoxidase related Fucoxanthin chlorophyll-binding protein = LHCF, LHC fucoxanthin WP 'Work in progress' section of the present manuscript protein FL WT Wild-type Fluctuating light regime HL XC Xanthophyll cycle High light HLIP ΔpH Transthylakoid H + gradient HL-induced protein H + Proton Δ522 nm Absorption change at 522 nm
	IL	Intermittent light
	L	Light
	Lat A	Latrunculin A
	LC	Light curve
	LED	Light-emitting diode
	LHC	Light-harvesting complex
	Lhcx	LHC protein 'x'
	LIENSs	'Littoral, Environnement et Sociétés' lab
	LL	Low light
	ML ou mHL Moderate HL
	MPB	Microphytobenthos
	NH4Cl	Ammonium chloride
	NPQ	Non-photochemical quenching of Chl fluorescence
	OE	Over-expresser
	OEC	O2-evolving complex
	OHP	One helix protein
	P	Publication

Photophysiological parameters cited in the following text and their meaning.

  The concerned parts of the manuscript includes the sections SR-'Synthesis of Research Activities & Major Achievements' and WP-'Work in Progress, Perspectives & Future Research'.

	Parameter Definition	Photophysiological meaning
	E	Light intensity; µmol photons. m -2 s -1	/		
	F0	Minimum PSII Chl fluorescence yield Used to calculate Fv/Fm
	Fm	Maximum PSII Chl fluorescence yield Used to calculate Fv/Fm and NPQ
	Fv/Fm	Maximum PSII quantum yield;	Maximum	potential	quantum
		Fv/Fm = (Fm -F0) / Fm	efficiency of PSII photochemistry
	Fm'	Fm for illuminated cells	Used to calculate ΦPSII, NPQ and
			rETR		
	F or Fs	Steady-state Chl fluorescence for	Used to calculate ΦPSII, NPQ and
		illuminated cells	rETR		
	ΦPSII	Operational PSII quantum yield;	Effective quantum efficiency of
		ΦPSII = ΔF / Fm' = (Fm' -F) / Fm'	PSII photochemistry
	rETR	Relative electron transport rate of	Effective quantum yield of
		PSII; rETR = ΦPSII x E x 0.5;	photochemistry vs. E
		µmol electrons m -2 s -1			
	α	rETR-E curve initial slope;	Maximum light efficiency use
		µmol electrons m -2 s -1 / µmol photons.			
		m -2 s -1			
	rETRmax	rETR-E curve asymptote;	Maximum relative photochemical
		µmol electrons m -2 s -1	electron transport rate
	EK	EK = rETRm / α; µmol photons. m -2 s -1 Light saturation coefficient
	Emax	= Pmax ; E to reach rETRmax;	E for which photochemistry is the
		µmol photons. m -2 s -1	highest		
	NPQ	Non-photochemical quenching of	Estimates	the	photoprotective
		Chl fluorescence; NPQ = Fm / Fm' -1	dissipation of excess energy
	NPQmax	NPQ-E curve asymptote	Maximum NPQ	
	E50NPQ	E for reaching 50% of NPQmax;	Pattern of NPQ induction vs. E
		µmol photons. m -2 s -1			
	n	NPQ-E curve sigmoidicity coefficient informs on the capacity for DT
			'activation'		
	NPQEk	Degree of NPQ induction for EK	Informs on the E acclimation level
	E50NPQ/EK	Compares Es for NPQ half-saturation	Informs on the photoprotective vs.
		and EK	photochemistry balance
	DES	DES = [DT / (DD+DT) x 100]	De-epoxidation state of DD to DT
	DESmax	DES-E curve asymptote	Maximal DES	
	NPQ vs. DT NPQ-DT curve slope	Effective involvement of DT in
			NPQ for all Es	

  Table SR1 below for further details

	1998	2002	2004	2008	2012	2016	201?
	DEA	Ph.D.	ATER	CNRS-INEE CR2		CNRS-INEE CR1 CR1 / Assoc. Prof.
						Uni. Laval-Can.

ENS Ulm -Uni. Paris VI, Fr.

Post-doc. / Assis. Prof.

Uni. Konstanz, Ger.

*

Uni. La Rochelle, France

Fig. SR6. Relationship between NPQ and qP, the potential for PSII photochemistry in

  

	B-		
	P.t.2		
	P.t.4		
	'Low NPQ' cells	'High NPQ'	cells
	Chl a 710-712		

leaves of Arabidopsis thaliana (green plant) and 'high NPQ' cells of P. tricornutum (P.t.2 strain, 'low NPQ' cells). Adapted from P07.

Table SR2 . Photophysiological parameters in P. tricornutum (P.t.2 strain, 'low NPQ' cells) cells acclimated to increasing irradiances.

 SR2 EK, the light saturation coefficient (and index for the photoacclimation level); E-onset NPQ, the light for NPQ induction onset; Emax, the light intensity for which ETRmax is reached; E50NPQ, the light intensity for which 50% of NPQmax is reached. All Es are in µmol photons m -2 s -1 . Unpublished data.

		LL cells	ML cells	HL cells
	A-EK	145	245	325
	E-onset NPQ	70 < E < 150	150 < E < 200	200 < E < 300
	Emax	~450	~650	> 650
	E50NPQ	375	700	990

Lhcx1, Lhcx2 and Lhcx3 protein synthesis evolution during exposure to SL 500 and FL 1000 regimes in

  For Lhcx1 and Lhcx3, ratios were normalized on Day 0; as no Lhcx2 was detected on Day 0, its level was normalized on the relative intensity of Lhcx3 band on Day 0. Samples were harvested simultaneously as RNA samples. Immunodetection was the same as in Fig.SR12Fjust above. Unpublished data.

). SL or FL light treatments started at Day 1_8:00. Samples were taken 1 h before the maximum light intensity (see Fig.

SR13

just above). Transcript levels are expressed vs. the endogenous control rps mRNA. Significance is based on Student's t-test with a p-value < 0.05; a: transcript level is significantly differentially expressed compared to Day 0 under the same light treatment; b: transcript level from FL is significantly differentially expressed compared to SL; c: transcript level from FL 1000 is significantly differentially expressed compared to FL 500. B-P. tricornutum (P.t.4 strain).

Table SR3 . Environmental and photophysiological parameters measured at EPL-and EPM- dominated

 SR3 

		L dose T°C	α	rETRmax EK	NPQmax E50NPQ
	EPL site 1092.6	16.4	17.5	0.41	147.3	341,.6	3.69	1582.9
	± 495.4		± 3.0	± 0.08	± 41.3	± 183.6	± 0.50	± 442.8
	EPM site 1150.4	17.6	20.5	0.42	87.2	223.7	3.62	829.2
	± 565.4		± 2.2	± 0.12	± 22.1	± 94.3	± 1.53	± 560.9

sites. E, light intensity; L, light; the other parameters are defined in Table

  P.t.4 line where NPQ was dramatically lower than in the WT cells (-25% to -40%). If true, this observation means that a constitutive minimal content of Lhcx1 protein is necessary to ensure a minimal NPQ induction in P. tricornutum. Instead of a 'usual' characterization as for the dde-vde transformants, we first decided to check how lhcx1UE would behave as compared to lhcx1OE and WT cells (Fig.WP2) under a 'nearer natural light climate' (see Fig.SR13 before). During the first 48 h of exposure to SL 500, NPQ in the lhcx1UE transformant does not show the sine-like pattern as the WT and the lhcx1OE transformant. Instead, NPQ increased in a steady linear way. In the lhcx1OE transformant, there is no net increase in NPQ. After 48 h exposure.

  P. tricornutum (see the part 'Synthesis of These analyzes will be completed with sediment samples from mud and muddy-sand habitats dominated by EPL and EPM diatom communities, respectively, and harvested under different light and temperature climates (i.e. spring vs. autumn) and dose exposure (regular sampling during the diurnal emersion).With such analyzes we hope to end up with a clearer view of the tide and seasonal Lhcx synthesis dynamics in MPB diatoms.

	Research', § I-1-b): i) in contrast to P. tricornutum, Lhcx2 and Lhcx3 isoforms are already
	present under LL; ii) similar to P. tricornutum, Lhcx2 and Lhcx3 can be up-regulated under
	HL exposure; iii) while this is true in H. coffeaeformis (and E. paludosa, not shown), it is not
	in N. phyllepta at least for Lhcx3 (which might partly explain its low NPQ ability, see the part
	'Synthesis of Research', § III-1-b); iv) in both species, Lhcx synthesis does not seem to react

to 33°C, confirming that up to 35°C EPL diatoms are not thermo-stressed

[START_REF] Blanchard | Seasonal effect on the photosynthesic capacity of intertidal microphytobenthos and temperature[END_REF] 

(note that samples exposed to 40°C still need to be analyzed).
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VI-3-a_ Europe Main resource fundings have been: the German Research Foundation-DFG, the German Academic Exchange Service-DAAD, the Universität Konstanz, the land of Baden-Württemberg. under review at the DFG (the German Research Foundation) with the coauthoring of reviews and book chapters on the peculiarities of the photosynthesis regulation (P11r) and photoprotection (P34bc) in diatoms, as well as some methodological aspects of the chlorophyll fluorimetry (P20bc). the EU-FP7-PEOPLE-2010-IRSES program (n°269294) BIOVADIA and the RPLInt03_ 2010 ; Project co-leader (50%). CNRS grant, program 'chercheurs invités' ; 11.5 K€. France, Portugal. P22, P25, P30. RPLInt02_ 2010 -12 ; Project leader and post-doctorate scientific supervisor (100%). DAAD (German Academic Exchange Service) grant ; 51.5 K€. France, Germany.

I_ Work in progress

I-1_ Influence of light on the diatom photosynthesis: intracellular and molecular physiological regulations

In the section 'Synthesis of Research_Influence of light on the diatom photosynthesis: intracellular and molecular physiological regulations', the below studies mostly relate to § I-1-b: 'NPQ-qE in the post-genomic era'. Most of this work owes to the essential input of Bernard Lepetit, my former post-doctorate, and now post-doctorate at the University of Konstanz, Germany.

I-1-a_ Generation and characterization of lhcx transformants

Following a similar strategy as for the dde-vde gene (see the part 'Synthesis of Research', § I-1-b), we produced lhcxOE and lhcxUE transformants. Their characterization is under progress. Here I will summarize the main findings we obtained so far.

Among the 'best' lhcxOE transformants we generated, lhcx1OE and lhcx3OE showed the clearest phenotypes, i.e. a higher mRNA level of lhcx1 and lhcx3, respectively and NPQmax increased by a factor of 2 to 3 as compared to WT cells (Fig. WP1). In parallel, we verified that the main photophysiological parameters (Fv/Fm, ETR, etc.) and the pigment content, and especially DD-DT and DES, are similar in lhcxOE vs. WT. We can therefore conclude that the higher NPQ phenotype is exclusively due to a likely higher Lhcx1 and Lhcx3 protein content, as reported before for Lhcx1 [START_REF] Bailleul | An atypical member of the light-harvesting complex stress-related protein family modulates diatom responses to light[END_REF]. It was possible, by genetic manipulation, to enhance the NPQ capacity of the naturally 'low NPQ ' P.t.4 strain as also reported [START_REF] Bailleul | An atypical member of the light-harvesting complex stress-related protein family modulates diatom responses to light[END_REF]. Although we do not have yet protein data, and although regulation of gene expression at the transcriptional and post-transcriptional levels are complex (see the part 'Synthesis of Research', § I-1-b), it is noteworthy that the slight up-regulation of lhcx3 generates an NPQ increase equivalent to an apparently strong up-regulation of lhcx1.

This observation support the functional role of Lhcx3 as a strong NPQ enhancer while Lhcx1 appears more like an NPQ modulator (see also the part 'Synthesis of Research', § I-1-c). With our approach, we could not generate a satisfactory lhcx2OE transformants. In fact, we could never get a strong up-regulation of lhcx2 and as a consequence NPQmax in these transformants was always similar to the one in the WT cells. It is very likely that the right light conditions for lhcx2 (and may be stronger lhcx3 up-regulation) are not good enough here, and that

I-1-b_ The fast regulation of diatom photosynthesis beyond NPQ

My interest in investigating the regulation of diatom photosynthesis at the genetic level in response to fast changes in light intensity first arose from the phenotype of some of our P. tricornutum psbA mutants. Because S264A, and to a lower extent F255I, show dramatically increased QA -and QB -life-times (P16), they offer the unique opportunity to explore the potential impact of the PQ redox state on the transcription of some photosynthetic genes through a mechanism of plastid-to-nucleus retrograde signaling already described in green counterparts but not in secondary endocytobiotic plastids containing photosynthetic organisms [START_REF] Lepetit | Light signaling in photosynthetic eukaryotes with 'green' and 'red' chloroplasts[END_REF]. Because the PQ pool oxidation is the slowest step of the linear electron transport chain, it is an ideal checkpoint for sensing energy imbalance within the photosynthetic machinery. The first attempt was presented in 2007 (CI11t, see CV p 48) and is now soon to be submitted (P02s). Probably the most interesting feature is the upregulation in S264A of several genes not only under moderate HL exposure (EK intensity ~ 250 µmol photons m -2 s -1 ) but also under LL (growth light = 50 µmol photons m -2 s -1 ): lhcx1, lhcx2, lhcx3 (see § I-1-b), dde, sod (the gene encoding the superoxide dismutase involved in ROS scavenging) and sepx (see Appendix 1). Based on these observations, further investigations using different light shifts/durations (as performed in P28) and specific modulators of the redox state of the PQ pool (DCMU and DBMIB; DCMU inhibits the electron transfer at the QB pocket site which keeps PQ oxidized under high light, while DBMIB inhibits the functioning of the cytochrome b6f and keeps the PQ pool reduced under low light, see P20bc for a full description) in S264A vs. WT are required to further assess the role of the PQ redox state. This work will be performed in the framework of the project RPPInt07 at the University of Konstanz, Germany. Before this, similar experiments were performed in P. tricornutum WT cells that brought the first evidence for the possible existence of a plastid-to-nucleus retrograde signaling process in diatoms that would be involved in the transcription of some photosynthetic genes, especially under excess light exposure (P27). By artificially mimicking low or high light conditions via the modulation of the PQ redox state, DCMU and DBMIB generated unexpected changes in the transcription of light-responsive lhcx genes (i.e. out of lhcx4): lhcx1 and to much larger extent lhcx2 were upregulated by reduced PQ, while lhcx3 does not respond to such trigger (P27). Instead, lhcx3 is suspected to be up-regulated by ROS ( 1 O2) production, i.e. under conditions of harsh light/environmental stress, confirming its expression pattern (see 'Synthesis of Research', § I-1-b). In parallel, we showed that the DD and DT de and photoacclimation vs. deep in the sediment-immersion cell division [START_REF] Saburova | Diatom activity within soft sediments: behavioural and physiological processes[END_REF], and by linking both via the triggering of migration and biofilm formation. This is the conceptual framework we want to explore during the next years together with Angela Falciatore, CNRS / University P. et M. Curie-Pars VI (see the section II-1 'Perspectives').

I-3_

From the MPB diatom ecophysiology to the human sciences: a transdisciplinary approach Transdisciplinary is the reason why the LIENSs lab exists. Therefore, it was logic that at some point I would try it. The first phase started end of 2012 by discussions with Benoit Lebreton (ecologist of intertidal flats) and Laurent Picot (biochemist of algal pigments). It got really concrete with the funding of our project by the CNRS in 2013 and by the University of La Rochelle in 2014 (see the 'Detailed CV' section, § VI-1-a, as well as VII-1-b). The two main purpose of this project were 1) to explore the feasibility of a socio-environmental prospective of intertidal bare mudflats via a transdisciplinary thinking based on the emerging concept of 'ecological solidarity', 2) to structure a balanced interdisciplinary think tank that includes the diverse expertises essential for the global apprehending of our model socioecosystem, the bay of Marennes-Oléron. Although we had to face the difficulty of transdisciplinary work, a core of co-workers formed that includes a broad range of expertises with a priori no/poor connections: ecophysiology, ecology, geography-based social sciences, economy, environmental law, and modern history. The out-put of our discussions is currently the topic of a soon-to-be submitted manuscript entitled 'Towards and ecological solidaritybased approach of socio-ecosystems: the case study of intertidal bare mudflats' (P04s).

In summary, the basis of our discussions was to propose an integrated approach of the functioning of intertidal bare mudflats that are known for their exceptional ecological functions and for their importance for the economic development of human societies. The intertidal bare mudflats of the Charentais Sounds, and especially of the bay of Marennes-Oléron, were selected as a model for two main reasons: 1) they have been concerned by an intensive law work from the French Department of Ecology, Sustainable Development and Energy that recently generated a law decree (#2015-424 of April 15 th ) for the creation of the 'marine protected area of the Gironde Estuary and of the Charentais Sounds'; it highlights 'the exceptional characteristics of some of these habitats, particularly the bare mudflats' (article #1); 2) the bay of Marennes-Oléron provides a broad diversity of ecosystem services, Although very simplified, this approach brought convincing preliminary results from a May 2015 field monitoring (Fig. WP8): it results in an annual extrapolation of primary production of 90 g C m -2 year -1 which falls well into the ~30-300 g C m -2 year -1 range usually reported [START_REF] Underwood | Primary production by phytoplankton and microphytobenthos in estuaries[END_REF]. We now need to complete our monitoring including different seasons and improve some of these steps (based on [START_REF] Guarini | Modelling the dynamics of the microphytobenthic biomass and primary production in European intertidal mudflats[END_REF] modeling procedure), especially we need to check the coherency between the true in situ production and the output of the models.

The ultimate goal is to create a collection of images over the last 30 years (thanks to different satellites: SPOT, LANDSAT, MODIS) based on the weather forecast archives (irradiance and temperature). The collection will allow to cover as much as possible the spatial and temporal dynamics of MPB diatom production at seasonal, yearly and decadal scales. These maps will be then correlated with identified (by actor interviews and searches in the administrative and historical archives) strong changes in oyster production usages (productive vs. unproductive areas, elevated vs. non-elevated oyster structures, oyster juvenile catchment vs. adult growing areas, etc.) in focused areas of the bay of Marennes-Oléron. This way, we hope to identify (positive or negative) spatial and temporal dynamic links between oyster production usages and MPB diatom production; the potential problem being to distinguish between the effect of these usages and the effect of environmental forcing changes.

Although risky in the beginning and time-consuming, this interdisciplinary work has been intellectually exciting as it allows myself to framework my work at often microscopic scales to the scale of the ecosystem, even of the anthroposystem, together with a really concrete and advanced transdisciplinary interaction (i.e. 'exact' sciences vs. human-social sciences). Although I co-led the think tank at its beginning in 2013 and 2014, I owe very much to the growing input from Benoit Lebreton (ecologist, University of La Rochelle-LIENSs), Audrey Rivaud (economist and environmental lawyer, University of Montpellier), Agnès Michelot (environmental lawyer, University of La Rochelle-CEJEP), the two former currently being the true leaders of our project.

The first step, i.e. extracting Chl a biomass per surface unit from hyperspectral images, was overcome by Méléder and co-workers [START_REF] Kazemipour | Microphytobenthos biomass mapping using the optical model of diatom biofilms: Application to hyperspectral images of Bourgneuf Bay[END_REF]. We recently proceeded with the second step, i.e. extracting a* (see P31). The next step is to build a relationship between absorption/reflectance bands, as measured with spectroradiometry, with ΦPSII, as measured with chlorophyll fluorescence. We have actually started these measurements additionally including the functional diversity of MPB diatoms based on P35: EPL, EPM and TYCHO growth forms. Our idea has been to specifically select for absorption/reflectance bands due to DD-DT (496 nm, 508 nm, 522 nm, see P04 and P26) because i) these pigments are responsible for strong changes in the quantum yield of chlorophyll fluorescence, ii) their content is distinctive between at least EPL vs. EPM, and EPL vs. TYCHO (see 'Synthesis of Research', § III-2-a). The preliminary analyzes show that indeed it would be possible to differentially linearly relate DD-DT/Chl c ratios (also found by [START_REF] Jesus | Detection of diatom xanthophyll cycle using spectral reflectance[END_REF] and DD/DT absorption/reflectance bands with ΦPSII in EPL and EPM representatives acclimated to different light intensities to vary their DD-DT content as in P35 (pigment HPLC analysis serves at confirming spectro-radiometry measurements). This first analysis needs to be completed with i) exposure to EPL, EPM and TYCHO representatives to emersion controlled conditions (especially HL and high temperature), ii) similar controlled experiments with fresh sediments containing either a dominance of EPL or EPM, iii) in situ monitoring under different light and temperature conditions (i.e. at different seasons) at sites known to be dominated by either EPL or EPM communities. These experiments have been actually all performed (especially in the framework of project RPPNat03, see the 'Detailed CV' section, § VI-2 and § VII-2-a) and they are now awaiting for profound analysis and application.

The main drawbacks for this application remain: i) the chlorophyll fluorescence ETR measurements, i.e. because of field constraints RLCs are used to assess ETR, there is a need still to improve RLC acquisition and analysis; based on our current expertise we are on the right track (see the 'Synthesis of Research' section, § II-2); there is currently no satellite that provides hyperspectral images but they can be generated by small plane on-board cameras, which renders the generation of such images quite expensive, but we hope hyperspectral image acquisition will democratize during the next decade. Related to the above project and to the refined evaluation of primary production spatial and temporal dynamics, there is the parallel need for 1) a better understanding of the dynamics of PAB at the surface of sediments, which is essential for, 2) improving primary work of Benoît Lebreton on exploring meiofauna role in the intertidal flat food-web are of first importance. Not only I am interested in pursuing works on MPB diatom micro-biotope interactions but I am convinced that this is a major track for future research on the regulation of the dynamics of MPB primary production.

By including together these complementary aspects, and coupled to the above remote sensing approach, one could even 'dream' about refining the evaluation of the spatial and temporal dynamics of primary production in intertidal flats for different types of habitats (i.e.

'muddy' vs. 'sandy muddy') from a flat to another and even within a given flat, along the year and from a year to another as a function of seasonal/decadal sedimentology evolution based on hydrodynamics, approaches that are currently developed in LIENSs by the DPL team.

Finally, and as discussed above (see § I-3), such tool could strongly support the reasonable exploitation and management of the biological resources of intertidal flats. If such perspective comes true one day, I will need to modify the title of my work into 'Functional ecophysiology of diatoms: from the photosystem to the anthroposystem'.

II-2_ Future research

In the immediate future (November 2015), I will start a new position (CR1 CNRS and Associate Professor) at the joint CNRS-Université Laval UMI 3376 Takuvik, Québec, Canada (http://www.takuvik.ulaval.ca/). Takuvik exclusively works on the Arctic area: it tries to understand the impact of ongoing climate change and growing human pressure on the current and future evolution of Arctic marine and terrestrial ecosystems and geosystems, including a wide range of biological partners from microorganisms to the ancestral Inuit communities.

More specifically, I will contribute to the research thematic 'Survey and ecophysiology of phytoplankton spring blooms (PSB) at the ice-water edge'. In the Arctic Ocean, PSB that develops at the ice-edge accounts for > 50% of Arctic Ocean annual primary production and it is generally associated with both large energy transfer to higher trophic levels and export of carbon to the bottom of water column. The marine resources supported by PSB are fundamental for the life of the Northerners (culture, health, economy, etc.), the ancestral Inuit communities as well as the 'new comers'. The Arctic PSB is mainly constituted of diatoms and it develops in the seasonally-covered ice zone, i.e. the top tens of meters of both ice-free and ice-covered waters. Due to the ongoing climate change, the extent We compared the transcript level of RedCAP with a 'classical' LHC genes lhcf (= fcp) gene, lhcf2, because they cluster together under a diverse range of environmental conditions [START_REF] Maheswari | Update of the diatom EST database: a new tool for digital transcriptomics[END_REF]. Similar to lhcf2, redCAP shows a diurnal regulation of its transcript level under LL (Figure below, panel A, compare LL and Dark conditions). This pattern was cancelled when light intensity was increased to a moderate HL level (750 µmol photons m -2 s - 1 ), and redCAP was down-regulated when the cells were submitted to a HL stress (Figure below, panel B) confirming that RedCAP has a function in light-harvesting and not in photoprotection.

Instead, redcap is i) a fast responding gene to a shift from prolonged darkness to LL [START_REF] Nymark | Molecular and photosynthetic responses to prolonged darkness and subsequent acclimation to re-illumination in the diatom Phaeodactylum tricornutum[END_REF] but not from HL to LL (Figure below), ii) down-regulated under blue light as compared to green and red lights, similar to lhcf2 (Schellenberger Costa et al., 2013;[START_REF] Valle | System responses to equal doses of photosynthetically usable radiation of blue, green, and red light in the marine diatom Phaeodactylum tricornutum[END_REF]. Also similar to Lhcf2, RedCAP was shown to be, apparently, more closely associated with the LHC antenna of PSI than of PSII [START_REF] Grouneva | The thylakoid membrane proteome of two marine diatoms outlines both diatom-specific and species-specifc features of the photosynthetic machinery[END_REF][START_REF] Ikeda | Two types of fucoxanthin-chlorophyll-binding proteins I tightly bound to the photosystem I core complex in marine centric diatoms[END_REF] (although a binding to PSII LHC cannot be ruled out [START_REF] Lepetit | Evidence for the existence of one antenna-associated, lipid-dissolved and two protein-bound pools of diadinoxanthin cycle pigments in diatoms[END_REF][START_REF] Gundermann | Identification of several sub-populations in the pool of light harvesting proteins in the pennate diatom Phaeodactylum tricornutum[END_REF], and to be loosely bound [START_REF] Lepetit | Evidence for the existence of one antenna-associated, lipid-dissolved and two protein-bound pools of diadinoxanthin cycle pigments in diatoms[END_REF][START_REF] Gundermann | Identification of several sub-populations in the pool of light harvesting proteins in the pennate diatom Phaeodactylum tricornutum[END_REF][START_REF] Ikeda | Two types of fucoxanthin-chlorophyll-binding proteins I tightly bound to the photosystem I core complex in marine centric diatoms[END_REF] which suggest a peripheral localization. Additionally, Lhcf2 was shown to bind fucoxanthin and to participate to the change in the light absorption properties of the LHC antenna (i.e. changes in more 'red' vs. more 'blue' absorbing fucoxanthin) [START_REF] Gundermann | Identification of several sub-populations in the pool of light harvesting proteins in the pennate diatom Phaeodactylum tricornutum[END_REF]. Based on these findings, we proposed that RedCAP could be involved in the deep light-dependent structural and/or functional reorganization of the LHC antenna of PSI and/or PSII in response to dark/LL shifts [START_REF] Nymark | Molecular and photosynthetic responses to prolonged darkness and subsequent acclimation to re-illumination in the diatom Phaeodactylum tricornutum[END_REF], including water-induced changes in light quality (i.e. increase in the ratio red/blue wavelengths) as diatoms regularly experience in, for instance, the water column when they are swept up towards the surface. We nevertheless did not dig up, so far, the exact physiological role of the RedCAP protein. As regards to the other light-responsive genes we explored, we also did not solve their functional role but these ones have correspondence with genes of other photosynthetic lineages (for evolutionary distribution of the different LHC-like protein families, see P28, Fig. 2): i) ohp ('one helix protein') and ohp-like genes show sequence similarities with hlip ('high light induced protein') genes which are known to respond to diverse environmental stresses, including HL stress, in cyanobacteria, cryptophytes and green plants [START_REF] Funk | High light stress and the one-helix LHC-like proteins of the cryptophyte Guillardia theta[END_REF][START_REF] Engelken | The extended Light-Harvesting Complex (LHC) protein superfamily: Classification and evolutionary dynamics[END_REF]; Hlip proteins are suspected to bind carotenoids, ii) sepx (stress-enhanced protein x') shows similarities with the sep genes of green plants; Sep proteins are suspected to be involved in the synthesis and maintenance of Chl a molecules [START_REF] Engelken | The extended Light-Harvesting Complex (LHC) protein superfamily: Classification and evolutionary dynamics[END_REF], possibly during D1/PSII repair [START_REF] Komenda | Assembling and maintaining the Photosystem II complex in chloroplasts and cyanobacteria[END_REF]. We got interested in looking at their respective light expression in diatoms simply because they were unknown. To summarize our most relevant findings (Figure above, P28): i) only ohp1-like1 shows a diurnal rhythm (panel A, compare Dark and LL conditions); ii) all ohp and ohp-like genes are up-regulated during a prolonged moderate HL exposure, although ohp1-like1 shows the strongest up-regulation (panel B); iii) only ohp1-like1 and sepx are up-regulated during a short HL exposure but with very different expression patterns: while sepx is very rapidly and transiently up-regulated, ohp1-like1 is rapidly and strongly up-regulated and its high transcription level persists throughout the HL stress (panel B).

Interestingly, in our psbA mutants with impaired ETR acclimated to moderate HL exposure (EK intensity ~ 250 µmol photons m -2 s -1 ), sepx is significantly and sustainably up-regulated (P02s).

ohp1-like1 and spex are likely the most interesting candidates to study in further HL-stress response related works (see the section 'Synthesis of Research', § I-1-b for sepx).

Appendix 2

Detailed description of § II-1_'Synthesis of Research'

II-1_ Analysis of freshwater phytoplankton communities by the use of trichromatic chlorophyll fluorescence

The existence of this project initially arose from a request of the French company Suez-Lyonnaise-des-Eaux (now Suez Environnement) and its Asia-based subsidiary corporation ASTRAN (Asia-Pacific Technology and Research Network). At that time, they had major problems with phytoplankton proliferations due to (sub-)tropical environmental conditions (and human-related eutrophication…), and especially with potentially toxic cyanobacteria, in their natural and artificial reservoirs used for the production of drinking-water. They asked the ENS laboratory in Paris to provide them with an instrument i) easy to use to detect phytoplankton in discrete water samples, ii) sensitive enough for use as an early alarm system for proliferation, iii) able to discriminate between the major groups/taxons of phytoplankton (i.e. cyanobacteria, green microalgae, and 'the brown group'/mainly diatoms) to potentially rise the alarm in case of (potentially toxic) cyanobacteria.

The instrument, a fluorometer using multi-wavelength excitation of chlorophyll fluorescence called the PhytoSensor, was built the year before I started my Ph.D. I then started to participate and finally lead the lab assays, as well as the in situ assays in Malaysia (Johor-Bahru) and China (Macao) in 1999 and 2000. Although the prototype we have built was very advanced and close (~1 year) to possible industrial commercialization, Suez decided to end the project and the collaboration. In the meantime, new commercially available fluorometers had come to light, namely the PhytoPAM (Walz-Germany) and the FluoroProbe (BBE Moldaenke-Germany). Because these much better skilled fluorometers were using the same basic principle than us, I decided to publish our work in 2005 (P08) for providing some kind of 'historical' perspective. At that time, the main technical novelties were: 1) the use of a highly sensitive and miniaturize photomultiplier that allows to detect algal biomass as low as 1-2 µg Chl a L -1 (of course, nowadays this threshold is ridiculous) and to set-up the whole system in a bow, 2) the use of LEDs (now widely democratized) together with combinations of filters to narrow at best the excitation bands, although an essential feature for miniaturizing the set-up, 3) a feed-back electronic loop for maintaining constant the temperature and the intensity of excitation light sources (i.e. when temperature increases light intensity decreases) since, at that time, the LEDs were not as stable as now.

Rapidly, the principle of the measurement is based on the excitation of the differential pigment assemblage of the main photosynthetic lineages of phytoplankton, i.e. green, blue and brown. By exciting these pigment assemblages with different wavelengths (blue, green and redorange lights), measuring the resulting and respective chlorophyll fluorescence intensities, and using them in a mathematical matrix, we could evaluate the proportion of the three main phytoplanktonic taxa present in a water sample. This evaluation was shown to be possible even when one taxon was dominant and the procedure was sensitive enough to detect a ~10% change of the total. A basic example is given in P08 (Fig. 5) were it is shown that cyanobacteria pigment assemblage is preferentially excited by red-orange light but not by green and blue lights. Hence, a water sample with a strong red-orange light generated chlorophyll fluorescence will most probably contains a majority of cyanobacteria. When cyanobacteria were dominant, and based on the red-orange fluorescence/green fluorescence, we could also distinguish between the bluegreen cyanobacteria (common) and the red-purple cyanobacteria (less common but often toxic).

In parallel, the measurement of fluorescence induction kinetics (i.e. Kaustky kinetics) that are very different among taxa could allow to refine the evaluation of the phytoplanktonic community photosynthetic diversity (even down to the genus as first lab assays showed). Additionally, the system provided a reliable measurement of the maximal quantum of PSII photochemistry (Fv/Fm) that we used as a 'health' index, i.e. within the phytoplanktonic community, a taxon/population with a high 'health' index could potentially proliferate during the following days. The PhytoSensor abilities were successfully compared with other current technics to measure microalgal biomass (single-wavelength fluorometer, particle counting) and diversity (HPLC CHEMTAX pigments analysis, microscopic identification). Finally, it was used with success to monitor the dynamics of phytoplankton in drinking-water supply reservoirs in Southeast Asia. This approach enables LCs to be measured very rapidly, as it only requires that the samples are exposed to the different actinic light levels for the desired period of time (i.e. to reach a steady-state condition) before a single saturating pulse is applied to measure the fluorescence response of all samples simultaneously. By reducing significantly the time required for the generation of LCs, this approach makes it possible to easily characterize the integrated dynamic light response of a sample by combining the measurement of LCs (actinic light intensity is varied while measuring time is fixed) with induction/relaxation kinetics (actinic light intensity is fixed and the response is followed over time), describing both how the response to light varies with time and how the response kinetics varies with light intensity (Fig. 2). As for any LC approach, ETR vs. E and NPQ vs. E can be obtained and the described fitting The examples shown here and in P30 are on plant leaves but such system can work on any 'photosynthetic surface' and especially on MPB diatom biofilms isolated from the field (see the section 'Synthesis of Research', § II-3 and § III-2-b), the main potential limitations being 1) the photosynthetic biomass because the CCD cameras of chlorophyll imaging systems are not highly sensitive, 2) the maximal light intensity reached by the digital projector that might not be strong enough, depending on the thickness of biofilm and its light history.

Nevertheless, one can easily imagine how the rapidity of such approach is beneficial in the case of natural assemblages of MPB diatoms which surficial biomass can rapidly change due to rhythmic down-and up-ward migrations. Thanks to the light mask, the use of multi-well plates (see the section 'Synthesis of Research', § II-3) is possible and even advantageous because it eliminates light spillover effects and ensures the perfect optical separation of samples and the independence of each light spot and thus of each point measurement.
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Publication abstracts

Full texts and supplementary materials are available here: http://www.researchgate.net/profile/Johann_Lavaud/?ev=hdr_xprf Abbreviations: P, publication; bc, book chapter; r, review.
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