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Intégrative (CBI Toulouse), Université de Toulouse, CNRS, UPS, Toulouse, France e-mail addresses: eric.le-bourg@univ-tlse3.fr (after July 2022: ericlebourglab@gmail.com) Orcid iD: https://orcid.org/0000-0001-5578-025X Dear Editor, One of the problems when rearing Drosophila melanogaster fruitflies is the choice of the food medium. Ideally, the medium should provide all the nutritional compounds of fermenting fruits in the wild. Fruits offer a mix of carbohydrates, proteins, fungi, bacteria, and wastes of other flies and, because a fermenting fruit is not a homogeneous food, flies and larvae can easily select the needed nutrient by wandering on the fruit and choose the best oviposition site [START_REF] Lihoreau | Drosophila females trade off good nutrition with high-quality oviposition sites when choosing foods[END_REF]. One could argue that a rotten fruit is the perfect medium on which flies feed and thrive for innumerable years and, therefore, that one should use such a medium. However, it is not easy to use fruits or other media with "natural" products at laboratory (e.g., [START_REF] Loeb | On the influence of food and temperature upon the duration of -7life[END_REF]. Thus, most of authors make use of a food medium easy to prepare and store, which usually requires to mix all nutrients. In such conditions, flies cannot select the nutrients they need, as they can do on a fermenting fruit. Carbohydrates and proteins are needed to provide energy, for egg-laying activity and larval development, and many studies have shown that the balance between proteins and carbohydrates (Protein:Carbohydrate ratio: P:C) can modulate lifespan and reproduction (e.g., [START_REF] Lee | Lifespan and reproduction in Drosophila: new insights from nutritional geometry[END_REF]. The effect of the microbiota on various traits has also been studied, but it appears to be less important than that of the diet itself [START_REF] Henry | Dietary nutrient balance shapes phenotypic traits of Drosophila melanogaster in interaction with gut microbiota[END_REF].

In order to replace the banana medium [START_REF] Pearl | A synthetic food medium for the cultivation of Drosophila[END_REF]: 500 ml of water, 10 g of agar, 500 g of banana pulp, live yeast added at the surface of the medium), [START_REF] Pearl | Culture media for Drosophila. II. A new synthetic medium and its influence on fertility at different densities of population[END_REF] elaborated the S101 synthetic medium, only made of saccharose, agar, mineral salts, and nipagin (methyl-4hydroxybenzoate) to which live yeast was added at the surface of the cooled medium. The S101 medium is quick and easy to prepare and can be kept at 4°C until use. [START_REF] Pearl | Culture media for Drosophila. II. A new synthetic medium and its influence on fertility at different densities of population[END_REF] reported that the number of progeny per female was higher on the S101 medium than on the banana one and that the early mortality of parents was lower. Le [START_REF] Bourg | Hypergravity and ageing in Drosophila melanogaster. 2[END_REF] showed that the lifespan of virgin males and females living at the Earth gravity level (1 g) was rather similar on the S101 and on the usual corn media (for 700 ml of distilled water, agar: 14 g, saccharose: 90 g, cornflour: 70 g, killed yeast: 10.5 g, nipagin: 0.35 g in 3.50 ml of absolute ethanol) with live yeast added at the surface of both media. However, the S101 medium is poorly nutritive. Larvae cannot develop on it (Le [START_REF] Bourg | Hypergravity and ageing in Drosophila melanogaster. 2[END_REF] and the mean lifespan of adults is halved (Le [START_REF] Bourg | Failure to confirm increased longevity in Drosophila melanogaster flies submitted to a food restriction procedure[END_REF] if live yeast is not added at the surface of the medium. Live yeast is a source of proteins and of free amino acids, polyols, and sugars (see Le [START_REF] Bourg | Feeding on frozen live yeast has some deleterious effects in Drosophila melanogaster[END_REF], for a list of metabolites): adding live yeast to a food medium containing killed yeast increases body mass of females and their protein or fat contents (Le Rohellec and Le [START_REF] Rohellec | Contrasted effects of suppressing live yeast from food on longevity, aging and resistance to several stresses in Drosophila melanogaster[END_REF][START_REF] Colinet | Dietary live yeast alters metabolic profiles, protein biosynthesis and thermal stress tolerance of Drosophila melanogaster[END_REF]. Therefore, using the S101 medium requires manually adding live yeast in each vial, which is time-consuming and can explain why this medium is scarcely used nowadays. In such conditions, many other different media have been designed, either prepared at lab or bought from suppliers, which do not require adding live yeast. Many articles have been devoted to test whether they could impair lifespan, fecundity, viability of eggs and larvae, developmental time, behaviour, or any other trait, because of a lack or excess of some nutrient in the ingested food. For instance, [START_REF] Hollingsworth | The nutritional requirements for longevity in Drosophila[END_REF] observed lifespan of flies fed with only agar, glucose, casein, yeast extract, or with combinations of them. Lifespan was maximal when flies were offered all these elements and decreased when each element was removed at a time. Other media have been designed (see a list in [START_REF] Roberts | The elements of Drosophila biology and genetics[END_REF], that often differ by the P:C ratio. For instance, the Sugar-Yeast medium, with for one litre of water 100 g of sugar and 100 g of dried yeast [START_REF] Chapman | Female fitness in Drosophila melanogaster: an interaction between the effect of nutrition and of encounter rate with males[END_REF], is widely used despite being not optimal for lifespan (Le [START_REF] Bourg | Does dietary restriction really increase longevity in Drosophila melanogaster?[END_REF][START_REF] Bourg | Predicting whether dietary restriction would increase longevity in species not tested so far[END_REF], probably because of a too high protein content [START_REF] Krittika | The seesaw of diet restriction and lifespan: lessons from Drosophila studies[END_REF].

Because different laboratories have adopted different media, "nutritional variations could explain many inconsistent experimental outcomes between laboratories" [START_REF] Piper | A holidic medium for Drosophila melanogaster[END_REF]. By using a medium mixing all nutrients, it is assumed that the nutritional needs do not change with age or during development, as emphasised by [START_REF] Soliman | Nutrition[END_REF], and also with the mating status. To make an analogy, it is like if human babies, children, teenagers, adults, pregnant women, and elderly people were eating everyday the same meal, all the content being mixed, without the possibility to privilege one component of the meal. Obviously, the "one-size-fits-all" approach does not fit the nutritional needs of so different people. In flies, the main consequence of this approach is that, some days, the diet contains too much/less proteins or carbohydrates. As an outcome, depending on sex, age, and mating status of the flies, the results of experiments can be modified by the use of a diet not fulfilling their needs.

Because energetic and protein needs are not the same for all flies, providing a medium fit to their needs could impose not mixing all nutrients. When all nutrients are mixed, flies cannot separate the intake of proteins and carbohydrates, even if they modulate their food intake (e.g., [START_REF] Bruce | High carbohydrate-low protein consumption maximizes Drosophila lifespan[END_REF], and they can suffer either from too low or high content of a nutrient. A too low protein content in the diet does not fit to the needs of mated females (e.g., [START_REF] Lee | Sexual dimorphism in nutrient intake and life span is mediated by mating in Drosophila melanogaster[END_REF], Wu et al., 2020a), but a too high content can be toxic [START_REF] Lee | Lifespan and reproduction in Drosophila: new insights from nutritional geometry[END_REF]. The solution to this dilemma could be to provide a medium with not a very high content of proteins, and to supplement it with live yeast at the surface. This way, flies needing more proteins can ingest a higher amount of live yeast than other flies, and thus fit food intake to their needs. This is exactly what happens in human beings: when deprived of proteins they compensate for this lack as soon as possible, and when proteins are in excess they decrease protein intake as soon as possible (e.g., [START_REF] Simpson | Geometric analysis of macronutrient intake in humans: the power of protein?[END_REF].

In flies, as in humans, it could be possible to finely tune to nutritional needs at any time by modulating the proteins and carbohydrates intakes. However, adding live yeast at the surface of the medium does not allow, for instance, to study the effects of specific nutrients (e.g., [START_REF] Landis | Mifepristone increases life span of virgin female Drosophila on regular and high-fat diet without reducing food intake[END_REF] or food intake (e.g., [START_REF] Lee | Lifespan and reproduction in Drosophila: new insights from nutritional geometry[END_REF], even if a food dye (e.g., [START_REF] Edgecomb | Regulation of feeding behavior in adult Drosophila melanogaster varies with feeding regime and nutritional state[END_REF]Wu et al., 2020b) in the live yeast could allow to know its very consumption. The capillary feeder system (CAFE: [START_REF] Ja | Prandiology of Drosophila and the CAFE assay[END_REF], but see the pioneering study of [START_REF] David | Quantitative evaluation of liquid fluid intake by Drosophila[END_REF] readily provides the amount of ingested nutrients, but it can also decrease lifespan (e.g., [START_REF] Bruce | High carbohydrate-low protein consumption maximizes Drosophila lifespan[END_REF]). Yet, adding live yeast at the surface of the medium does ensure that flies can select the nutrients they need at any time. The price to pay is to add live yeast in each vial, which is time-consuming if hundreds of vials are prepared every day. However, distributing drops of a live yeast solution with a one-ml pipette in, say, 200 vials in racks, requires less than 5 minutes. Therefore, the author pleas for providing a medium offering flies the possibility to select the food they need, with the choice between a high or low level of proteins by adding live yeast at the surface of the medium. In other words, flies can modify the P:C ratio at will: we do not know what they consume, but we can admit they have ingested what they need and that the results of the traits under study are not linked to under-or over-intake of a specific nutrient, carbohydrates or proteins.

When flies are offered a "one-size-fits-all" medium, we know the composition of the diet: this can be reassuring and one can argue that we have strictly controlled the feeding conditions. However, we do not know whether this medium with a fixed P:C ratio has modified the results of our experiments, because flies cannot modulate the intake of each nutrient if the P:C ratio does not fit their nutritional needs.

One could argue that adding live yeast to a medium already containing dry yeast has only minute effects, because proteins are available even without live yeast added. This experiment has been done, using the corn medium described above (Le [START_REF] Rohellec | Contrasted effects of suppressing live yeast from food on longevity, aging and resistance to several stresses in Drosophila melanogaster[END_REF]. While virgin flies without live yeast did not always live longer or shorter than virgin flies with live yeast, mated flies without live yeast lived longer than mated flies with live yeast, probably because of their observed decreased fecundity. Removing live yeast delayed the age-related decline of climbing ability and increased resistance to heat of young females only, but it also decreased resistance to cold (see also [START_REF] Colinet | Dietary live yeast alters metabolic profiles, protein biosynthesis and thermal stress tolerance of Drosophila melanogaster[END_REF], starvation (except in mated females), and infection. No effect was observed on viability of eggs and larvae, i.e., the percentage of emergence. Thus, flies without live yeast were frailer and less fecund, showing that the used corn medium does not contain a sufficient amount of proteins. By consuming live yeast, flies privilege a better resistance to stresses even if this intake induces a higher age-related decline of climbing ability. One could conclude that, in the wild, flies with a low amount of proteins in the diet would maybe not survive and thrive, because of their low resistance to stress and fecundity. Similar results, but to a lesser extent, were observed when live yeast was replaced by frozen live yeast that has a lower nutritive quality than fresh one (Le [START_REF] Bourg | Feeding on frozen live yeast has some deleterious effects in Drosophila melanogaster[END_REF]; see also [START_REF] Grangeteau | Yeast quality in juvenile diet affects Drosophila melanogaster adult life traits[END_REF]. Therefore, adding live yeast does not necessarily improve all traits in flies, probably because trade-offs do exist or because a nutrient may induce favourable and deleterious effects, some traits being improved by low doses and other traits by higher doses (see e.g., for fecundity and lifespan, [START_REF] Lee | Lifespan and reproduction in Drosophila: new insights from nutritional geometry[END_REF][START_REF] Kim | Combined effects of temperature and macronutrient balance on life-history traits in Drosophila melanogaster: implications for life-history trade-offs and fundamental niche[END_REF].

It would be an illusion to think that a food medium could maximise all traits at the same time and adding live yeast to the medium cannot do that. There is thus nothing such as an optimal medium for flies. Yet, a medium allowing flies to modulate the P:C ratio, live yeast being added to the medium but not mixed within it, gives them the possibility to finely tune food intake to the nutritional needs linked to their age, sex, and mating status. Indeed, flies surely better know than us the nutrients they need: let them choose.
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