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INTRODUCTION

Biofilms are complex associations of single-and multiple-species interconnected cells embedded in a hydrated self-produced matrix established at a solid/liquid or liquid/air interfaces [START_REF] Alexandre | Flor yeasts of Saccharomyces cerevisiae-Their ecology, genetics and metabolism[END_REF][START_REF] Costerton | Microbial Biofilms[END_REF][START_REF] Hall-Stoodley | Bacterial biofilms: from the Natural environment to infectious diseases[END_REF][START_REF] Kolter | The superficial life of microbes[END_REF]. Biofilm development is a dynamic process including the key steps of the adhesion and maturation of microcolonies in a three-dimensional structure, and detachment during which cells acquire a particular phenotype [START_REF] Flemming | The biofilm matrix[END_REF][START_REF] Sauer | Pseudomonas aeruginosa Displays Multiple Phenotypes during Development as a Biofilm[END_REF]. Extracellular polymeric substances (EPS) produced throughout biofilm development are mainly composed of polysaccharides, proteins, extracellular DNA (eDNA) and lipids [START_REF] Flemming | EPS-Then and Now[END_REF][START_REF] Jachlewski | Isolation of extracellular polymeric substances from biofilms of the thermoacidophilic archaeon Sulfolobus acidocaldarius[END_REF][START_REF] Zarnowski | CLSM observations of 7 day-aged biofilms formed on polystyrene plates for the 12 selected strains. Cells were fluorescently tagged with cFDA. (A) For each strain (i) threedimensional reconstruction images of the biofilms generated a top view and side view, (ii) zoomed-in images focus on cells and (iii) the thickness of biofilms. The images are representatives of three independent biological replicates. (B) Filamentous cells in the biofilm formed by strains 11 and 14[END_REF] and can be present at various quantities dependent on environmental conditions, the age of the biofilm and the type of microorganisms involved [START_REF] Mayer | The role of intermolecular interactions: studies on model systems for bacterial biofilms[END_REF]. Biofilm mode of life allows microorganisms to better adapt to environmental conditions through metabolic cross-feeding, cell-cell interactions and especially chemical and physical resistance [START_REF] Bastard | Effect of Biofilm Formation by Oenococcus oeni on Malolactic Fermentation and the Release of Aromatic Compounds in Wine[END_REF][START_REF] Davey | Microbial Biofilms: from Ecology to Molecular Genetics[END_REF][START_REF] O'connell | Influences of Biofilm Structure and Antibiotic Resistance Mechanisms on Indirect Pathogenicity in a Model Polymicrobial Biofilm[END_REF]. This growth strategy, through surface colonization and the increase of stress resistance, contributes to the persistence of microorganisms in different environments, such as those encountered in the food industry [START_REF] Coenye | In vitro and in vivo model systems to study microbial biofilm formation[END_REF][START_REF] Møretrø | Residential Bacteria on Surfaces in the Food Industry and Their Implications for Food Safety and Quality[END_REF]. In some cases, biofilms are used for increased microorganism performance, for example in the production of ethanol [START_REF] Germec | Effect of media sterilization and enrichment on ethanol production from carob extract in a biofilm reactor[END_REF], their involvement in fermentation processes and persistence in the wine environment [START_REF] Bastard | Effect of Biofilm Formation by Oenococcus oeni on Malolactic Fermentation and the Release of Aromatic Compounds in Wine[END_REF][START_REF] Tek | Evaluation of the ability of commercial wine yeasts to form biofilms (mats) and adhere to plastic: implications for the microbiota of the winery environment[END_REF]. However, many studies have investigated the presence of biofilms, especially in the case of negative effects due to the risk of recurrent contamination of food and raw materials by pathogenic or spoilage species [START_REF] Alvarez-Ordóñez | Biofilms in Food Processing Environments: Challenges and Opportunities[END_REF][START_REF] Bridier | Biofilm-associated persistence of food-borne pathogens[END_REF]. By studying biofilms present on the process surfaces of breweries, different spoilage microorganisms as Acinetobacter, Bacillus, Citrobacter, Pseudomonas, Saccharomyces cerevisiae and Candida pelliculosa were isolated [START_REF] Timke | Identity, beer spoiling and biofilm forming potential of yeasts from beer bottling plant associated biofilms[END_REF][START_REF] Timke | Microbial composition of biofilms in a brewery investigated by fatty acid analysis, fluorescence in situ hybridisation and isolation techniques[END_REF].

In the wine industry, one of the most feared spoilage microorganisms is the yeast Brettanomyces bruxellensis. This yeast is responsible for the production of volatile phenols and most importantly 4-ethylphenol, which contributes to undesirable aromas described as "Brett character" [START_REF] Chatonnet | The origin of ethylphenols in wines[END_REF][START_REF] Oelofse | Significance of Brettanomyces and Dekkera during Winemaking: A Synoptic Review[END_REF][START_REF] Wedral | The challenge of Brettanomyces in wine[END_REF], leading to rejection by consumers and to heavy economic losses [START_REF] Fugelsang | Wine microbiology[END_REF][START_REF] Lattey | Consumer acceptability, sensory properties and expert quality judgements of Australian Cabernet Sauvignon and Shiraz wines[END_REF]. This yeast can be found at several steps in the winemaking process [START_REF] Chatonnet | The origin of ethylphenols in wines[END_REF][START_REF] Renouf | Evidence for differences between B. bruxellensis strains originating from an enological environment[END_REF][START_REF] Renouf | Interactions between Brettanomyces bruxellensis and other yeast species during the initial stages of winemaking[END_REF][START_REF] Renouf | Development of an enrichment medium to detect Dekkera/Brettanomyces bruxellensis, a spoilage wine yeast, on the surface of grape berries[END_REF][START_REF] Rubio | Influence of oak origin and ageing conditions on wine spoilage by Brettanomyces yeasts[END_REF][START_REF] Suárez | The production of ethylphenols in wine by yeasts of the genera Brettanomyces and Dekkera: A review[END_REF] due to its resistance to multiple stress conditions (Avramova et al., 2018b;[START_REF] Conterno | Genetic and Physiological Characterization of Brettanomyces bruxellensis Strains Isolated from Wines[END_REF][START_REF] Longin | Efficiency of population-dependent sulfite against Brettanomyces bruxellensis in red wine[END_REF][START_REF] Schifferdecker | The wine and beer yeast Dekkera bruxellensis[END_REF][START_REF] Serpaggi | Characterization of the " viable but nonculturable" (VBNC) state in the wine spoilage yeast Brettanomyces[END_REF][START_REF] Smith | Brettanomyces bruxellensis, a survivalist prepared for the wine apocalypse and other beverages[END_REF]. The ability to form biofilm is another potential resistance strategy [START_REF] Tek | Evaluation of the ability of commercial wine yeasts to form biofilms (mats) and adhere to plastic: implications for the microbiota of the winery environment[END_REF][START_REF] Verstrepen | Flocculation, adhesion and biofilm formation in yeasts[END_REF], although in the case of B. bruxellensis it has been given only little attention so far. Up to now, few studies have demonstrated the capacity of several strains of B. bruxellensis to adhere on several surfaces [START_REF] Ishchuk | Novel centromeric loci of the wine and beer yeast Dekkera bruxellensis CEN1 and CEN2[END_REF][START_REF] Joseph | Adhesion and Biofilm Production by Wine Isolates of Brettanomyces bruxellensis[END_REF][START_REF] Kregiel | Consortia formed by yeasts and acetic acid bacteria Asaia spp. in soft drinks[END_REF][START_REF] Poupault | Caractérisation des phénomènes de bio-adhésion à l'origine des altérations des vins[END_REF][START_REF] Tristezza | Susceptibility of wine spoilage yeasts and bacteria in the planktonic state and in biofilms to disinfectants[END_REF]. Thus, [START_REF] Joseph | Adhesion and Biofilm Production by Wine Isolates of Brettanomyces bruxellensis[END_REF] pinpointed for the first time the capacity of B. bruxellensis isolates to adhere and form a biofilm-like structure on polystyrene surfaces; also, the biofilm structures were not described. Moreover, the efficiency of adhesion and biofilm-like formation depend on the nutritional environment [START_REF] Kregiel | Consortia formed by yeasts and acetic acid bacteria Asaia spp. in soft drinks[END_REF][START_REF] Tristezza | Susceptibility of wine spoilage yeasts and bacteria in the planktonic state and in biofilms to disinfectants[END_REF].

Although these studies demonstrated the ability of B. bruxellensis to adhere and form a biofilmlike film, there is a lack of microscopic observations of these biofilm-like structures in synthetic media and in wine. Such observations would highlight the three-dimensional structure of the film and EPS production. Using confocal microscopy, [START_REF] Poupault | Caractérisation des phénomènes de bio-adhésion à l'origine des altérations des vins[END_REF] was alone in describing different adhesion capacities with three-dimensional structures on polystyrene. Therefore, it bruxellensis, and to demonstrate its ability to form a biofilm (i.e. thickness, presence of microcolonies, EPS) on different surfaces in view to achieving better subsequent removal of this microbial species from winemaking material.

In this context, the purpose of our study was to: (i) investigate the kinetics of biofilm formation of B. bruxellensis strains; (ii) visualise the biofilm structure and morphology of cells by microscopic observations; and (iii) investigate the behaviours of biofilm in wine.

MATERIAL AND METHODS

2.1.Yeast isolates

A total of 65 isolates belonging to the yeast B. bruxellensis were used in this study. These isolates were obtained from enological materials (i.e. from barrels, taps, pipes, transfer tanks) and/or wine from a winery. The yeasts were stored at -80°C in YPD liquid medium (0.5% w/v yeast extract (Biokar, Beauvais, France), 1% w/v bactopeptone (Biokar), 2% w/v D-glucose (Prolabo, Fontenay-sous-Bois, France) and 0.02% w/v chloramphenicol (Sigma, St Louis, USA)), containing 20% (v/v) glycerol.

2.2.Genotyping by microsatellite analysis

The DNA extraction of B. bruxellensis strain and PCR conditions for the microsatellite markers amplification and the amplicon analysis were performed according to [START_REF] Albertin | Development of microsatellite markers for the rapid and reliable genotyping of Brettanomyces bruxellensis at strain level[END_REF]Avramova et al., 2018a. Briefly, twelve microsatellite regions were amplified from the DNA of the 65 isolates, then fragment length was analyzed by capillary electrophoresis on an ABI 3130 XL sequencing machine [START_REF] Albertin | Development of microsatellite markers for the rapid and reliable genotyping of Brettanomyces bruxellensis at strain level[END_REF]. A number of repeated patterns for each microsatellite region analyzed were associated for each isolate. The diversity of the isolates studied was determined according to the variability of the number of repetitions.

To investigate the genetic relationships between strains, the microsatellite data-set was analyzed using the Poppr package in R. A dendrogram was established using Bruvo's distance and Neighbour Joining (NJ) clustering [START_REF] Bruvo | A simple method for the calculation of microsatellite genotype distances irrespective of ploidy level[END_REF][START_REF] Kamvar | Poppr: An R package for genetic analysis of populations with clonal, partially clonal, and/or sexual reproduction[END_REF][START_REF] Paradis | APE: Analyses of Phylogenetics and Evolution in R language[END_REF]).

Bruvo's distance takes into account the mutational process of microsatellite loci and is well adapted to populations with mixed ploidy levels and is therefore, suitable for the study of the B. bruxellensis strain collection used in this work.

Clones were defined as isolates displaying the same genotype for all 12 microsatellite markers tested, allowing the generation of clonal groups.

2.3.Biofilm formation in YPD medium

YPD cultures

Using cultures stored at -80°C, starter cultures were prepared in triplicate in 5 mL of YPD medium at 28°C for 6 days. Then, the starter cultures were passed twice into fresh medium to obtain cultures in the same physiological state. Then, cell suspensions were readjusted at OD600nm = 0.05 (1 OD600nm = 1.0×10 7 CFU/mL) in YPD medium to obtain the "YPD working culture".

Biofilm formation on polystyrene plates

Twelve strains were selected from the 5 genetic groups, taking into account the distribution of the clonal groups. For each of the 12 strains selected, the biofilm formation on the polystyrene microplate was evaluated according to [START_REF] Rieu | agr system of Listeria monocytogenes EGD-e: Role in adherence and differential expression pattern[END_REF] and adapted to the yeast. One mL of the ''YPD working culture'' was inoculated in 3 technical and 3 biological repetitions in a 24-well polystyrene plate from Costar® (Corning Incorporated, New-York, USA) at 28°C. After 48 hours and 7, and 14 days (with medium turnover every 3.5 days), the wells were carefully washed twice with 500µL of sterile physiological water (0.9% NaCl) to eliminate non-adhered cells. With the addition of 1 mL of sterile physiological water, the adhered cells were detached by strong pipetting with 15 backflows. The detached cells were estimated by numbering on YPD plates (YPD broth with 2% w/v agar) at 28°C after serial dilutions.

2.4.Biofilm formation in wine

Wine used

The wine used was elaborated from the Pinot Noir grape variety (Marsannay, 2018 vintage). This red wine was characterized by 11.20% (v/v) ethanol and a pH of 3.45. The wine was filtered and sterilized using a vacuum driven filtration system through a 0.22 μm sterile membrane (Stericup-GP, polyethersulfone, SCGPU05RE, Millipore Express® Plus Membrane).

Culture adaptation

Two different strains with significantly different number of adhered cells on polystyrene in YPD medium at 14 days (strains 11 and 14) were selected to study biofilm formation in wine. Before planktonic cell incubation in wine, the cells were adapted in wine as previously described [START_REF] Longin | Efficiency of population-dependent sulfite against Brettanomyces bruxellensis in red wine[END_REF]. Using cultures stored at -80°C, starter cultures were prepared in triplicate in YPD medium at 28°C for 6 days. The cultures were therefore incubated in 10 mL of YPD medium supplemented with 5% (v/v) ethanol for 48h. The OD600nm of each culture was adjusted to 0.1 into a 50:50 (v/v) wine:water solution. After wine adaptation, the cell concentration was readjusted to 5.0×10 5 CFU/mL in the wine to obtain the "wine working culture".

Biofilm formation on stainless steel chips in wine

The biofilm formation of B. bruxellensis in wine was studied on stainless steel chips using a protocol previously described [START_REF] Bastard | Effect of Biofilm Formation by Oenococcus oeni on Malolactic Fermentation and the Release of Aromatic Compounds in Wine[END_REF] and adapted to the yeasts. Briefly, stainlesssteel chips (25 mm × 25 mm, Goodfellow, 316L, France) were immersed in 13 mL of the "wine working culture" described in paragraph 2.4.2. and incubated for at 28°C. The yeast population was monitored on the chip (i.e. cells adhered and developed into biofilm): after 2, 24, 48 hours, 7 and 14 days of incubation, the chips were collected and rinsed for 30 seconds in 13 mL of sterile physiological water to eliminate non-adhered cells on the chips. Afterwards, the chips were placed in new sterile physiological water (13 mL) and the cells were detached by sonication (3 min) (Bransonic CPXH1800H-E; Branson Ultrasonic Corporation, Danbury, USA). For each time point, the cells detached from the chips were numbered by plating on YPD plates at 28°C after serial dilutions. This experiment was performed in biological triplicates for each strain (i.e.

3 different "wine working cultures").

Wine effect on 7 day-aged biofilms

For selected strains 11 and 14, the 7 day-aged biofilm formed on stainless-steel chips was obtained from the "YPD working culture" as previously described in paragraph 2.4.3. Then, the stainless-steel chips were placed in the sterile wine (13 mL) and the evolution of the yeast population on the chip (i.e. biofilm cells) and in the wine (i.e. planktonic cells, corresponding to cells released from biofilm over the time) was monitored. The 7 day-aged biofilm formed on stainless-steel chips was incubated at 28°C for 2, 24, 48 hours and 7 and 14 days and treated as described in paragraph 2.4.3. For each time point, the cells detached from the chips and the cells contained in the wine were numbered by plating on YPD plates at 28°C after serial dilutions. This experiment was performed in biological triplicates for each strain (i.e. 3 different "YPD working cultures").

2.5.Cell observations

Confocal Laser Scanning Microscopy (CLSM)

From the "YPD working culture", 7 day-aged biofilms (with a medium turnover at 3.5 days) were formed in a 96-well polystyrene plate from Cellstar® (Greiner Bio-One International, Kremsmünster, Austria). After 7 days, each well was carefully washed with 100µL of MacIlvaine Buffer containing 2.83% w/v sodium phosphate dibasic (Sigma, St. Louis, USA), 2.10% w/v citric acid monohydrate (Sigma, St. Louis, USA) and adjusted at pH 4.0. Surface-associated cells were fluorescently tagged by adding 5(6)-Carboxyfluorescein Diacetate (CFDA) esterase activity marker (green; λex = 495 nm / λem = 520 nm) at 7.5 µM (ThermoFisher, Illkrich, France) and the plate was placed in a dark place for 15 minutes.

The surface associated-cells were examined using a Leica TCS SP8 (Leica Microsystems, Germany) inverted confocal laser scanning microscope at the DImaCell Plateform (http://dimacell.fr/index.php). Observations were performed using a 40×/1.25 oil immersion objective lens. CLSM was equipped with a solid 488 nm diode (laser power: 3%) and the fluorescence emitted was recorded from 500 to 554 nm using a PMT detector with a gain of 790V. The images were acquired by LAS X software (Leica Microsystems, Germany) at a resolution of 1024×1024 pixels, a scan speed of 400Hz and a line average of 2. To assess the thickness of the structure and obtain 3D views, a series of optical sections at 1-µm intervals in the z-axis were taken throughout the full depth of the sample. The bright field channel was acquired simultaneously, using a second PMT detector. Subsequently, 3D reconstruction images of the biofilms were generated with LAS X software to obtain a top view for each strain.

ImageJ software was used to determine cell morphology and biofilm thickness from CLSM images. For the cell morphology, the length to width (l/w) ratio and cell area were determined from fifty measurements of single cells [START_REF] Basmaciyan | Temporal analysis of the autophagic and apoptotic phenotypes in Leishmania parasites[END_REF]. For biofilm thickness, 5 random cuts following the z-axis were performed for each of the strains studied and 10 measurements were made per cut (total 50 measurements by strain).

Scanning Electron Microscopy (SEM)

Biofilms were formed on stainless steel chips from the "YPD working culture" (for 7 days) and from "wine working culture" (for 7 and 14 days). The cells were fixed directly on the stainlesssteel chips by a solution of 3% glutaraldehyde in 0.1 M phosphate buffer of pH 7.2 for 3 hours at 4°C. The samples were then washed with 0.05 mM phosphate buffer for 10 min at room temperature. Dehydration was performed by two successive immersions for 10 min in solutions of increasing ethanol content (30, 50, 70, 90, 100%). Then, each mixture was placed in a bath of ethanol-acetone solution (70:30, 50:50, 30:70, 100%) for 10 min. The chips were then air-dried and stored at room temperature. Afterwards, the samples were coated with a thin gold layer using an Edwards Scancoat Six Pirani 201 sputter coater (Edwars High Vacuum, Crawley, England) and then observed with a Hitachi SU1510 scanning electron microscope (Hitachi High-Technologies Corporation, Japan). SEM was performed at an accelerating voltage of 15 kV using a working distance between 7.5 mm and 9.7 mm.

Epifluorescence microscopy

Planktonic cells were incubated from the "wine working culture" at 28°C for 14 days. The cells were adhered on a microscope fluorescence slide and then fixed in methanol at room temperature for 5 minutes. The fungal cell wall was stained using the Fungi-Fluor® kit (calcofluor) (Polysciences, Inc., Warrington, PA) according to the manufacturer's protocol. Briefly, samples were incubated for 5 minutes with the reagent and washed once in Phosphate Buffer Saline 1× before adding a coverslide. The slides were examined with a BX51 epifluorescence microscope (Olympus, Rungis, France) coupled with the "CellF" software and using an "UPlanFL 40×" objective.

2.6.Statistical analyses

All the assays were performed in three biological replicates. The biomass and biofilm thickness data are expressed as means, assigned with the standard deviation. A one-way analysis of variance (ANOVA) with a post-hoc Tukey Honestly Significant Difference (HSD) test was used for statistical comparison. A p-value ≤ 0.05 was considered statistically significant. For cell morphology, the same test was used for the comparison of areas A, B and C with p-values ≤ 0.01. 13

RESULTS

3.1.Biofilm structures

Sixty-five isolates of B. bruxellensis from enological materials (i.e. from barrels, taps, pipes, transfer tanks) and/or wine from a winery were discriminated by microsatellite analysis allowing their distribution in 5 of the 6 genetic groups (GG) described by Avramova et al., 2018a. The majority of isolates belong to GG3 and none belongs to the GG5 (Table 1). In all, 34 clonal groups were formed (each including isolates with a genetic distance equal to zero) (Table 1), allowing the selection of twelve strains distributed among the 5 genetic groups. Their ability to form biofilm in YPD medium was studied.

Biofilm formation kinetics was monitored in three independent biological replicates at 3 different time points: 48 hours, 7 days and 14 days on polystyrene microplates for the 12 strains selected (Table 2). At 48h, the different strains presented an average adhered population around 3.3×10 6 CFU/cm², except strains 11, 20, 60 and 63, which had a statistically lower population around 5.5×10 5 CFU/cm². At 7 days, the adhered population distribution ranged between 6.9×10 5 and 6.3×10 6 CFU/cm². Statistically, strains 2 and 65 had a larger adhered population compared to strains 7, 9, 11, 14, 20, 36 and 63. At 14 days, the populations of the 12 strains reached an average biomass of 4.1×10 6 CFU/cm². Strain 11 presented a significantly lower quantity of adhered cells compared to strains 7, 9, 14, 20, and 36 (Table 2).

Seven day-aged biofilms for the 12 strains were observed by CLSM to investigate biofilm characteristics (Fig. 1). CLSM observations showed cellular layers covering the entire surface for all the strains, except strain 63 which presented some uncovered areas. For this strain, the surface coverage seemed to be different with the development of microcolonies instead of cell layers spreading over the surface (Fig. 1A). thickness of 9.45 µm was measured throughout the 12 strains. Taken together, these data suggest that all the strains tested were able to develop in contact with a surface. It is also noteworthy that the thickness of the biofilm appears to be related to cell size (Fig. 1A). Indeed, magnifications of the CLSM images performed for each strain allowed observing different cell shapes such as "round", "lemon", "rice grain" or "elongated" according to the strains (Fig. 1A, Table 3). In addition, filamentous cells were observed (Fig. 1B).

To better characterize these different cell shapes, the length to width ratio (l/w) and cell area were determined for 50 individual cells per strain [START_REF] Basmaciyan | Temporal analysis of the autophagic and apoptotic phenotypes in Leishmania parasites[END_REF]. Each genetic group was characterized by its own cell measurements and cell shape (Table 3). The strains of GG1 were characterized by a "round" shape with an average cell area of 15.72 µm² and average l/w ratio of 1.55, except strain 61 which presented a "rice grain" shape with atypical measurements of 12.75 µm² and 1.91, respectively. The strains of GG2 with a "rice grain" shape were characterized by an average cell area of 11.36 µm² and average l/w ratio of 1.91. The strains of GG3 were characterized by an "elongated" shape with an average cell area of 16.5 µm² and an average l/w ratio of 2.53. Strain GG4 was characterized by a "lemon" shape with a cell area of 16.03 µm² and a l/w ratio of 2.08. Finally, the "round" shaped cells of GG6 presented an average cell area of 16.57 µm² and an average l/w ratio of 1.50. The distribution of the 12 strains according to cell area determined as a function of l/w ratio (Fig. 2), showed that the strains were statistically distributed in 3 different areas corresponding to morphological cell characteristics. GG3 and GG4 (area A) were grouped together as were GG6 and GG1 (area B), with the exception of strain 61. Indeed, this strain was statistically grouped with GG2 (area C). These results suggest a link between genetic groups and cell morphology.

Although CLSM provided an overview of the cells adhered on polystyrene, additional SEM observations were necessary to demonstrate and validate characteristic structures of biofilm development. Observations of strains 11 and 14 developed for 7 days on the stainless-steel chips in YPD medium (Fig. 3A) revealed the presence of microcolonies containing cells embedded in EPS and filamentous cells possibly playing a role in their cohesion.

3.2.Brettanomyces biofilm mode of life: what's up in wine?

The ability of the both strains (11 and 14) of B. bruxellensis were then investigated in wine to study (i) the development into biofilm in wine and (ii) the impact of wine on an established B. bruxellensis biofilm. These strains were chosen for their different ability to adhere on polystyrene (Table 2).

Firstly, in order to confirm the ability of both strains to form biofilm in wine, SEM observations at 7 days were realized (Fig. 3B). Once again, the capacity of both strains to adhere and form microcolonies surrounded by EPS was demonstrated as well as the presence of filamentous cells, suggesting the beginning of a biofilm structure development. However, strain 14 presented only a few microcolonies scattered on the chips: adhesion and microcolony formation of strain 14 were more affected by the wine than strain 11. The B. bruxellensis cell growth on stainless steel chips was monitored in wine from 2 hours to 14 days (Fig. 4). Strain 14 had a weak adhesion rate of 0.69% at 2 hours compared to strain 11 (5.69%). This difference is maintened between the both strains until 7 days. However, after 2 hours, for the both strains no growth was observed.

Secondly, the impact of wine on an established B. bruxellensis biofilm was investigated. A 7 dayaged biofilm (previously developed on stainless steel chips in YPD medium) was immersed in wine for enumeration of cells (i) on the chips and (ii) released into the wine (Fig. 5). For both strains, the amount of cells adhered on the stainless steel chip significantly decreased at 24 hours and then remains stable for up to 14 days (Fig. 5A and5B). As previously described, strain 14 was more affected by the wine than strain 11. Moreover, as early as 2 hours, the impact of wine on biofilm led to the release of cells from chip with around 10 6 CFU/mL for the both strains (Fig. 5C and5D). For strain 14, a decrease in the number of released cells was observed as early as 24 hours before remaining stable up to 7 days. Then, a growth recovery was observed at 14 days.

The same behaviour was observed for strain 11 in a lesser extent.

3.3.Chlamydospore-like structure, a new piece of B. bruxellensis morphotype

Finally, SEM observations of 14 day-aged microcolonies of strain 11 in wine allowed observing specific round, large and free shaped cells (Fig. 6A). These structures are consistent with the definition of a chlamydospore, a morphological structure defined as larger than a yeast cell, highly refractile cells with thick walls derived from filamentous cells [START_REF] Staib | Chlamydospore formation in Candida albicans and Candida dubliniensis -An enigmatic developmental programme[END_REF]. Chlamydospore walls are composed by chitin, which can be stained by the calcofluor [START_REF] Martin | Cell Cycle Dynamics and Quorum Sensing in Candida albicans Chlamydospores Are Distinct from Budding and Hyphal Growth[END_REF]. Thus, the use of this staining coupled with epifluorescence microscopy observations allowed to reveal very refractive rounded structures with a thick wall for both strains 11 and 14 grown for 14 days in wine (Fig. 6B).

DISCUSSION

The ability of microorganisms to form biofilm has been pinpointed out [START_REF] Bastard | Effect of Biofilm Formation by Oenococcus oeni on Malolactic Fermentation and the Release of Aromatic Compounds in Wine[END_REF] as one of the strategies of withstanding wine stresses. Up to now, few studies have highlighted the capacity of B. bruxellensis to develop into biofilm-like structure [START_REF] Ishchuk | Novel centromeric loci of the wine and beer yeast Dekkera bruxellensis CEN1 and CEN2[END_REF][START_REF] Joseph | Adhesion and Biofilm Production by Wine Isolates of Brettanomyces bruxellensis[END_REF][START_REF] Kregiel | Consortia formed by yeasts and acetic acid bacteria Asaia spp. in soft drinks[END_REF][START_REF] Poupault | Caractérisation des phénomènes de bio-adhésion à l'origine des altérations des vins[END_REF][START_REF] Tristezza | Susceptibility of wine spoilage yeasts and bacteria in the planktonic state and in biofilms to disinfectants[END_REF]. The analysis methods used staining method associated with OD measurement, luminometry or Calgary Biofilm Device system (MBEC™ P & G assay). The first methods are rapid but quite imprecise. The latter, allowing the enumeration of B. bruxellensis biofilm-like structures in CFU/peg, could not be compared with the other methods of biofilm quantification. However, none of these studies described the structure of biofilm formed by B. bruxellensis using microscopy, except [START_REF] Poupault | Caractérisation des phénomènes de bio-adhésion à l'origine des altérations des vins[END_REF]. For the present study, a protocol adapted from an established method of numbering bacterial biofilm populations [START_REF] Bastard | Effect of Biofilm Formation by Oenococcus oeni on Malolactic Fermentation and the Release of Aromatic Compounds in Wine[END_REF] was developed to study the biofilm formation of B. bruxellensis yeast on different supports such as polystyrene plates and stainless steel chips.

Cells were placed in the same physiological state, allowing to compare the capacity of different strains to form a biofilm [START_REF] Bastard | Effect of Biofilm Formation by Oenococcus oeni on Malolactic Fermentation and the Release of Aromatic Compounds in Wine[END_REF][START_REF] Rieu | The biofilm mode of life boosts the antiinflammatory properties of Lactobacillus[END_REF][START_REF] Stepanović | Quantification of biofilm in microtiter plates: overview of testing conditions and practical recommendations for assessment of biofilm production by Staphylococci[END_REF].

Moreover, microscopic observations of biofilm structures have been performed to obtain better insight into the biofilm structure of B. bruxellensis. The both microscopy methods used highlight different points. CLSM allowed notably to gain information on the shape of the cells and the thickness of the biofilm-like structure while SEM enable to observe easily different cell structures (i.e. cells, filaments, chlamydospores) and EPS. The 7 day-aged biofilms formed by the B. bruxellensis strains studied in this work had an average thickness of 9.45 µm, which is rather thin compared to biofilms described for other yeast species [START_REF] Bojsen | Saccharomyces cerevisiae biofilm tolerance towards systemic antifungals depends on growth phase[END_REF]. However, Candida albicans biofilms reach thicknesses ranging from 8 to 84 µm depending on the surrounding environment [START_REF] Daniels | Impact of environmental conditions on the form and function of Candida albicans biofilms[END_REF][START_REF] Nweze | Development of a 96-well catheter-based microdilution method to test antifungal susceptibility of Candida biofilms[END_REF]. Other yeasts such as S. cerevisiae and Rhodotorula mucilaginosa presented only microcolonies without any multi-layered architecture [START_REF] Andersen | Genetic basis for Saccharomyces cerevisiae biofilm in liquid medium. G3 Genes[END_REF][START_REF] Nunes | Molecular identification, antifungal susceptibility profile, and biofilm formation of clinical and environmental Rhodotorula species isolates[END_REF].

In this work, CLSM and SEM observations revealed the presence of several filamentous cells that appeared to start from the base of the biofilm and extend upward, suggesting the beginning of a multilayer structure. Similar organizations have been identified in biofilms of C. albicans and C. tropicalis with a basal layer composed of yeast cells and an upper layer composed of filamentous cells collectively embedded in an extracellular matrix [START_REF] Daniels | Impact of environmental conditions on the form and function of Candida albicans biofilms[END_REF][START_REF] Jones | Sexual biofilm formation in Candida tropicalis opaque cells[END_REF][START_REF] Park | Protocol for Identifying Natural Agents That Selectively Affect Adhesion, Thickness, Architecture, Cellular Phenotypes, Extracellular Matrix, and Human White Blood Cell Impenetrability of Candida albicans Biofilms[END_REF]. Among B. bruxellensis morphological features, the specific cell morphology observed in biofilm (based on cell area, length and width measurements) could be related to the genetic group (determined by Avramova et al., 2018a), even if it need to be confirmed with a larger number of strains.

Since B. bruxellensis is the major spoilage yeast of wine, it was crucial to enrich the information available on its capacity to form biofilms in enological environments. So, 2 strains of B. bruxellensis with different morphologies and different capacities to form biofilm in YPD medium were selected. Both strains were able to form microcolonies on stainless steel chips in wine even if strain 14 showed lower adhesion and development at 2 weeks than strain 11. Stressful environment of wine had also a strong impact on 7 day-aged microcolonies with cell release in a strain-dependent manner. After a decrease of cell population released in wine, probably due to cell death and/or to the entry in viable but non culturable (VBNC) state [START_REF] Serpaggi | Characterization of the " viable but nonculturable" (VBNC) state in the wine spoilage yeast Brettanomyces[END_REF], growth restarted after several days. As described for other microorganisms, the biofilm mode of life may allow Brettanomyces to persist in wine and wine-related environments [START_REF] Bastard | Effect of Biofilm Formation by Oenococcus oeni on Malolactic Fermentation and the Release of Aromatic Compounds in Wine[END_REF]. The role of EPS in stress resistance as a function of their nature and proportion in the matrix has been highlighted in several microorganisms [START_REF] Flemming | The biofilm matrix[END_REF]. By observing EPS in B. bruxellensis biofilm, this study provides the basis for new fields of investigation into the resistance of B. bruxellensis. No data being available on EPS in B. bruxellensis biofilm, it will be necessary to identify the chemical nature of the EPS and then study their specific role in stress resistance mechanisms.

Finally, microscopic observations of planktonic and biofilm cultures in wine unexpectedly revealed the presence of "chlamydospore-like" structures that have never been observed for B. bruxellensis. We observed structures larger than a yeast cell, highly refractile with thick walls and derived from filamentous cells. Such characteristics were reported for the description of chlamydospore-like structures in C. albicans [START_REF] Martin | Cell Cycle Dynamics and Quorum Sensing in Candida albicans Chlamydospores Are Distinct from Budding and Hyphal Growth[END_REF][START_REF] Navarathna | Candida albicans ISW2 regulates chlamydospore suspensor cell formation and virulence In Vivo in a mouse model of disseminated candidiasis[END_REF][START_REF] Staib | Chlamydospore formation in Candida albicans and Candida dubliniensis -An enigmatic developmental programme[END_REF], Cryptococcus neorformans [START_REF] Lin | Chlamydospore formation during hyphal growth in Cryptococcus neoformans[END_REF] and the close relatives C. albicans and C. dubliniensis cultured in planktonic or biofilm conditions [START_REF] Boucherit-Atmani | Candida albicans biofilms formed into catheters and probes and their resistance to amphotericin B[END_REF][START_REF] Citiulo | Purification and germination of Candida albicans and Candida dubliniensis chlamydospores cultured in liquid media[END_REF][START_REF] Staib | Chlamydospore formation in Candida albicans and Candida dubliniensis -An enigmatic developmental programme[END_REF]. Chlamydospores were described as forms of resistance in some fungi like Duddingtonia flagrans [START_REF] Ojeda-Robertos | Digestibility of Duddingtonia flagrans chlamydospores in ruminants: in vitro and in vivo studies[END_REF] or Gibberella zeae [START_REF] Son | Mannitol induces the conversion of conidia to chlamydosporelike structures that confer enhanced tolerance to heat, drought, and UV in Gibberella zeae[END_REF], however in yeast, their role was never clearly identified, although a potential role in the long-term survival of C. albicans within the host or in resistance to host immunity was hypothesized [START_REF] Navarathna | Candida albicans ISW2 regulates chlamydospore suspensor cell formation and virulence In Vivo in a mouse model of disseminated candidiasis[END_REF][START_REF] Staib | Chlamydospore formation in Candida albicans and Candida dubliniensis -An enigmatic developmental programme[END_REF]. So, future works should be carried out to determine the role of these "chlamydospore-like" structures for Brettamomyces yeast. White arrows indicate a "chlamydospore-like" structure.

TABLE 2

Biofilm growth of the 12 selected strains in YPD medium on polystyrene plates.
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Cultures were initially inoculated at 5.0×10 5 CFU/mL. The values represent the average of three 3.9×10 6 ±2.68×10 5 a 6.1×10 6 ±9.69×10 5 a 3.2×10 6 ±1.88×10 5 ab 7 3.6×10 6 ±5.53×10 5 a 2.5×10 6 ±5.87×10 5 d 6.3×10 6 ±1.16×10 6 a 9

3.1×10 6 ±9.45×10 5 a 2.3×10 6 ±1.54×10 5 d 4.7×10 6 ±1.14×10 6 a 11 7.5×10 5 ±2.15×10 5 bc 6.9×10 5 ±5.11×10 4 e 2.4×10 6 ±1.02×10 6 b 14 2.1×10 6 ±1.47×10 6 ab 8.9×10 5 ±1.62×10 5 e 5.3×10 6 ±6.50×10 5 a 20 6.5×10 5 ±9.99×10 4 c 2.8×10 6 ±6.93×10 5 cd 5.4×10 6 ±7.02×10 5 a 36 2.9×10 6 ±6.93×10 5 a 3.3×10 6 ±5.81×10 5 bcd 5.9×10 6 ±2.57×10 6 a 49 4.6×10 6 ±1.44×10 6 a 3.6×10 6 ±2.92×10 5 abcd 3.3×10 6 ±1.02×10 6 ab 60 6.6×10 5 ±2.02×10 5 c 5.5×10 6 ±1.41×10 6 ab 3.4×10 6 ±7.47×10 5 ab 61 3.1×10 6 ±7.36×10 5 a 4.5×10 6 ±6.78×10 5 abc 3.2×10 6 ±3.43×10 5 ab 63 1.5×10 5 ±6.10×10 4 d 3.0×10 6 ±8.87×10 5 cd 4.2×10 6 ±5.62×10 5 ab 65 3.8×10 6 ±1.35×10 5 a 6.3×10 6 ±2.36×10 5 a 3.5×10 6 ±6.44×10 5 ab

FIG 2 FIG 4 FIG 5

 245 FIG 2Distribution of the 12 strains selected according to length to width (l/w) ratio and cell area measurements (CLSM images). The strains of each genetic group (GG) are represented by an icon: (○) GG1, (▲) GG2, (■) GG3, ( ) GG4 and ( ) GG6. Clustering in 3 areas A, B and C indicated by circles (ANOVA test and p-values ≤ 0.01).

FIG 6

 6 FIG 6 Microscopic observations of "chlamydospore-like" structures produced by B. bruxellensis in wine. (A) SEM observations (magnification at 7000×) of 14 day-aged microcolonies
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  independent biological replicates, assigned with standard deviation (gray values). Different letters 7 represent significant difference (ANOVA, p-value ≤ 0.05) obtained between the 12 strains at each 8 time point.
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