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Un milieu de culture est une préparation liquide, semi-solide ou solide qui permet le 

développement de micro-organismes. Le milieu de culture doit mimer l’environnement naturel 

de la bactérie pour favoriser sa croissance et son isolement.  

La découverte des milieux de culture a permis l’essor de la microbiologie au XIXème siècle (1). 

La culture bactérienne a ainsi été la première méthode mise au point pour l’étude du microbiote 

humain (2). La culture des microorganismes sur les milieux de culture va dépendre de plusieurs 

facteurs tels que les nutriments mis à disposition des bactéries, la température d’incubation, le 

pH de la gélose ou encore l’atmosphère d’incubation des bactéries (3). La combinaison de 

chacun de ces paramètres est propre à chaque bactérie et permet sa croissance et son isolement. 

Obtenir une culture pure est essentiel car cela permet d’étudier les caractéristiques de la bactérie 

comme sa susceptibilité aux antibiotiques, ses caractéristiques physico-chimiques ou encore 

son génome (4).  

Récemment, les microbiologistes ont délaissé la culture en faveur de nouvelles 

techniques innovantes. Cela a fait suite à l’apparition de techniques moléculaires dans les 

années 1970 telles que la PCR, le séquençage et plus particulièrement la métagénomique. En 

effet, la culture bactérienne est souvent plus fastidieuse et demande un apprentissage plus long 

que les techniques moléculaires (2). Durant plusieurs décennies, il y a donc eu peu de progrès 

dans l’élaboration de nouveaux milieux de culture et la découverte de nouvelles espèces 

bactériennes. 

Néanmoins, la métagénomique présente certains désavantages et notamment un biais de 

profondeur, du fait d’un manque de sensibilité des amorces utilisées, puisqu’elle ne détecte pas 

les bactéries présentent à des concentrations inférieures à 105 bactéries par gramme de selle (2). 

De plus, ces techniques permettent de détecter seulement l’ADN, ne fournissant donc pas 

d’information sur le caractère vivant ou mort de la bactérie. 

 

Une nouvelle technique de culture, la culturomics, qui consiste à utiliser un très grand 

nombre de milieux de culture et de conditions de culture pour enrichir le répertoire des 

bactéries, a été mise au point il y a quelques années dans notre laboratoire (2). Cela a permis un 

nouvel essor de la culture bactérienne et a nécessité la recherche de nouveaux milieux pour 

isoler certaines bactéries fastidieuses à cultiver car nécessitant des besoins spécifiques et 

exigeants pour croitre.  

La culturomics a également permis de démontrer la complémentarité existante entre la 

métagénomique et la culturomics. Ainsi, l’identification par métagenomique des espèces 

bactériennes existantes dans un microbiote donné, peut être exploitée par la culturomics via 
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l’élaboration et l’optimisation de nouveaux milieux de culture spécifiques pour l’isolement de 

ces espèces. Cette complémentarité a permis à la culturomics de devenir une technique 

d’isolement bactérien ciblé.  

Par ailleurs, depuis quelques années, des études ont mis en évidence que le microbiote 

intestinal pouvait jouer un rôle dans la réponse au traitement de certaines pathologies et plus 

particulièrement dans la réponse au traitement de certains cancers (5, 6, 7). Une étude réalisée 

par une équipe de l’hôpital Gustave Roussy a mis en évidence que les bactéries Enterococcus 

hirae et Barnesiella intestinihominis avaient une action favorisant la réponse au traitement anti-

cancéreux par cyclophosphamide (8). L’élaboration de nouveaux milieux de culture pour 

sélectionner spécifiquement ces bactéries apparait donc importante car isoler rapidement ces 

bactéries d’intérêt à partir d’échantillons de selles des malades pourrait permettre un gain de 

temps dans la prise en charge de leur cancer. Ainsi, ces patients auront plus de chance de 

répondre positivement au traitement. 

Ce manuscrit est composé de quatre parties principales, la première reprend à travers 

une revue bibliographique l’évolution des milieux de culture, de leur création à aujourd’hui. La 

deuxième partie porte sur le développement d’un milieu de culture qui permet la sélection d’une 

bactérie, Enterococcus hirae, qui favorise la réponse au traitement anti-cancéreux, le 

cyclophosphamide. Dans une troisième partie, nous avons optimisé un milieu de culture 

permettant la culture des bactéries anaérobies en aérobie, précédemment mis au point dans notre 

laboratoire. Celui-ci présentait un manque de sensibilité pour certaines bactéries anaérobies. 

Enfin dans la dernière partie, nous avons développé une technique de fabrication d’une gélose 

bi-phasique, afin de lutter contre la déshydratation des géloses lors d’une incubation prolongée 

à l’étuve. 
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invention à aujourd’hui. 
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AVANT-PROPOS 
 

La culture bactérienne a un rôle fondamental dans la microbiologie. Il s’agit de la 

première méthode qui a permis d’étudier le microbiote humain. Elle permet d’isoler et de 

caractériser les bactéries qui composent nos différents microbiotes et notre environnement. 

Cependant, elle a été délaissée pendant longtemps par un grand nombre de microbiologistes car 

cette méthode était considérée comme ancestrale et dépassée. Les techniques innovantes 

moléculaires ont été favorisées et considérées comme remplaçantes de la culture. Cependant, 

ces techniques, telle que la métagénomique, présentent un biais de profondeur.  

De nos jours, le microbiote occupe une place de plus en plus importante dans la 

recherche médicale. La métagénomique et la culture sont complémentaires l’une de l’autre pour 

l’étude de ce microbiote. En effet, il a été démontré que lors de l’analyse du microbiote par ces 

deux techniques, seules 15% des espèces bactériennes mises en évidence étaient communes aux 

deux méthodes (2). La culture connait ainsi un nouvel essor. 

Cette revue décrit dans une première partie l’approche empirique de la microbiologie avec la 

découverte des premiers microorganismes et l’élaboration des premiers milieux de culture. 

Dans une deuxième partie nous avons mis en évidence les ingrédients nécessaires pour obtenir 

un milieu enrichi et donc une croissance bactérienne. Certaines bactéries ont besoin de 

nutriments et facteurs de croissance spécifiques pour pouvoir croitre de manière optimale. La 

troisième partie répertorie les agents qui permettent de sélectionner une bactérie par rapport à 

une autre. L’objectif est ainsi d’éliminer les bactéries que l’on ne souhaite pas isoler et qui sont 

présentes dans l’échantillon étudié. Enfin, dans une dernière partie, nous avons étudié les 

désavantages de certains agents gélifiants les uns par rapport aux autres. 
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Abstract 

Microbiology has been largely developed thanks to the discovery and optimization of culture 

media. The first liquid artificial culture medium was created by Louis Pasteur in 1860. 

Previously, bacterial growth on daily materials such as some foods had been observed. These 

observations thus highlighted the importance of the bacteria's natural environment and their 

nutritional needs in the development of culture media for their isolation. A culture medium is 

essentially composed of basic elements (water, nutrients), to which must be added different 

growth factors that will be specific to each bacterium and necessary for their growth.  

The evolution of bacterial culture through the media used for their culture began with the 

development of the first solid culture medium by Koch, allowing not only the obtaining of 

bacterial colonies but also the possibility of purifying a bacterial clone. The main gelling agent 

used in solid culture media is agar. However, some limits were observed in the use of agar 

because of some extremely oxygen sensitive bacteria do not grow on agar media and other 

alternatives were proposed and tested. Then the discovery of antimicrobial agents and their 

specific target induced the emergence of selective media. These inhibiting agents thus make it 

possible to eliminate undesirable bacteria from microbiota and select the desired bacteria. 

Thanks to a better knowledge of the bacterial environment, it will be possible to develop new 

culture media and new culture conditions, better adapted to certain fastidious bacteria, difficult 

to isolate. 
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Introduction 

The discovery of culture media allowed the development of microbiology in the 19th century 

(1). Bacterial culture was the first method developed to study the human microbiota (2) using 

an artificial medium that allows growth and isolation of bacteria. The first to have cultured a 

bacterium in a reproducible way was Louis Pasteur in 1860 thanks to the development of the 

first so-called artificial culture medium (3). Recently, after the emergence of molecular 

techniques in the 1970s such as PCR, sequencing and more particularly metagenomics, 

microbiologists have favoured these innovative techniques to the detriment of culture. 

Nevertheless, metagenomics presents certain disadvantages and in particular a depth bias, due 

to the lack of sensitivity of the primers used, since it does not detect bacteria present at 

concentrations below 105 bacteria per gram of stool (2). Moreover, these techniques only detect 

DNA: it is impossible with these techniques to differentiate DNA belonging to living bacteria, 

from that of the transient bacteria of the microbiota studied or from that of dead bacteria.  

A few years ago, culturomics, a new culture technique, which uses a very large number of 

culture media and culture conditions to extend the repertoire of bacteria, was developed in our 

laboratory (2). This technique demonstrates the complementarity between metagenomics and 

culturomics. Therefore, the metagonomical identification of bacterial species existing in a given 

microbiota can be exploited by culturomics through the optimization of new specific culture 

media for the isolation of these species. This complementarity allows culturomics to become a 

targeted technique. 

Nowadays, new culture media mimic the natural environment of bacteria by adding different 

elements in culture medium to cultivate previously uncultivated bacteria. 

We propose here a bibliographical review of culture media and techniques evolution through 

the development of microbiology over time. 

 



24 
 

I. Empirical approach of microbiology 

I.1. Observational microbiology  

Microbiology is defined by the organisms it studies but also by the tools used to study them. 

The first observation of a bacterium was made around 1673 by the German microscopist Anton 

van Leeuwenhoek thanks to the microscopes he had developed. Those enlarged from 50 to 300 

times what he observed (1, 3).  

In the course of his research, he highlighted small structures that he called "animacules" (4), 

because he thought he was observing small animals (5). Throughout his observations, he 

described and designed yeast cells, filiform fungi, microscopic algae and protozoa (4). 

Leeuwenhoek was also the first to observe a parasite, Giardia lamblia (3). However, microscopy 

alone cannot address all the questions about the microorganisms studied. For about 200 years, 

microbiology has been stagnating until the development of microbial isolation techniques in 

pure cultures. This is another important milestone in the history of microbiology.  

I.2. Cultural microbiology 

I.2.1. The birth of culture broth 

In the 13th century AD, 400 years before Leeuwenhoek, a blood-like substance appeared on 

the communion bread and into beliefs this red substance was assimilated the blood of Christ. 

Bartholomeo Bizio, an Italian pharmacist, solved this mystery in 1817 thanks to advances in 

microbiology and showed that it was not blood, but a microorganism that he named Serratia 

marcescens. This bacterium appeared as red colonies on bread when was kept in a hot and 

humid atmosphere (6). It is one of the first natural cultures of a bacterium. The origins of culture 

media is traceable to the 19th century. Many bacteriologists have tried, with varying degrees of 

success, to grow bacteria on the food or material on which the microorganism was developed 

in the first place.  
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The evolution of microbiology was made possible by challenging the theory of spontaneous 

generation, according to which living organisms could develop from dead or decaying matter 

and thus appear spontaneously in cultures. So it was inconceivable to obtain pure cultures. In 

1861, Louis Pasteur, a French microbiologist (3), solved this problem through an experiment. 

He placed nutrient solutions in flasks, heated their necks with flame and stretched them in 

various ways, keeping the end open to the air. Then Pasteur boiled the solutions for a few 

minutes and cooled them. No growth appeared even if the contents of the flasks had been 

exposed to the air. Pasteur noticed that there was no growth because dust and germs had been 

trapped on the walls of the curved tubes. If the tubes were broken, growth began immediately. 

Pasteur thus demonstrated the spontaneous generation nonsense and also found ways to keep 

sterile solutions (3).  

The first to have cultured bacteria reproducibly in a liquid culture medium was Louis Pasteur. 

In 1860, he developed a culture medium containing "yeast soup", ashes, sugar and ammonium 

salts (7, 8). His objective was to create a fermentation medium to demonstrate that each 

fermentation (alcoholic, acetic, lactic ...) was associated with the development of a particular 

microorganism (9). The presence of these different elements in the medium allowed him to 

observe that some of these components could promote or inhibit the growth of certain bacteria 

and that they could also allow the emergence of certain bacteria compared to others (8).  

Indeed, in the course of the study of fermentation of beer, he was confronted with a problem: 

when the beer was healthy, the microscope only showed brewer's yeast but when the beer was 

acid, Pasteur noticed that the tanks contained "tiny rod-shaped objects" producing lactic acid. 

This fermentation medium therefore made it possible to highlight the multiplication of this 

bacterium (1, 3). 
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In 1881, Robert Koch demonstrated optimal growth of bacteria when they were incubated in a 

broth composed of fresh beef serum or meat extract. However, the use of a liquid culture 

medium did not produce pure bacterial cultures. Koch therefore sought a way to solidify the 

media (8) (figure 1).  

I.2.2. Emergence of pure cultures in solid media 

First, he tested coagulated egg albumin, starch paste or an aseptically cut slice of potato. 

However, not all these techniques allowed him to isolate colonies. Koch then added gelatin to 

his broth and poured it all over a flat glass plate. However, gelatin had disadvantages since it 

liquefied at temperatures above 25°C and could be consumed by gelatinase, an enzyme 

produced by certain bacteria. Thanks to the wife of one of his assistants, Fannie Hesse, who 

used agar to solidify his jams, he replaced gelatin with agar, which allowed him to obtain firm 

agars and isolate bacteria. In 1887, Julius Richard Petri replaced the glass plate with a circular 

culture box, the Petri box has just been created, and is still used today (8). This allowed him to 

obtain and observe isolated colonies and to limit contamination. 

II. How to design an enriched culture medium? 

An enriched culture medium is a medium to which elements essential for the growth of bacteria 

have been added. 

The nutrients 

To grow, bacteria need a minimum of nutrients: water, a carbon source, a nitrogen source and 

some mineral salts (10).  

Water 

Water plays a fundamental role in solubilizing nutrients, transporting them and ensuring 

hydrolysis reactions. Some bacteria need free water for their growth. If evaporation occurs 
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during the incubation of the agar, there may be a loss of this water, resulting in a decrease in 

colony size and inhibition of bacterial growth (10, 11). 

Carbon sources 

Carbon is the most abundant constituent element in bacteria. It is essential for bacteria to 

produce carbon molecules such as fats, carbohydrates, proteins and nucleic acids. Bacteria can 

use inorganic carbon sources, such as carbon dioxide, or organic sources such as sugars and 

alcohols (10, 12). 

Nitrogen sources 

As for nitrogen sources, they are numerous and can be found in a large number of compounds 

used in the composition of a culture medium. It is found in the organic form, corresponding to 

protein hydrolysates, particularly in casein hydrolysate, proteose-peptone or tryptone (12) but 

also in an inorganic form, nitrates (13). Nitrogen allows bacteria to synthesize their proteins. 

Finally, among the common mineral salts, phosphate, sulphate, magnesium or calcium (11) are 

regularly found. 

Energy sources  

There are two types of bacteria, phototrophic bacteria, such as Thiocapsa roseopersicina (14) 

which uses light as an energy source by transforming it into an electrochemical gradient of 

protons (14) and chemotrophic bacteria which uses the energy of oxidation of mineral or 

organic compounds as energy sources (15, 9). Among these bacteria, we can find Listeria 

monocytogenes (16). 

Growth factors 

The use of a minimal medium does not allow the growth of certain bacteria that need specific 

elements to grow. It is sometimes necessary to add growth factors to culture media in order to 
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boost the multiplication of bacteria. Growth factors are elements that bacteria are unable to 

synthesize from the nutrients available in the environment (10, 17). Growth factors are required 

in small quantities in the culture medium and their need is justified by the absence or blocking 

of a metabolic pathway in the bacterium. 

Purine and pyrimidine bases 

There are different categories of growth factors among which we find purine and pyrimidine 

bases. They are necessary for synthesis of nucleic acids. Indeed, some lactic acid bacteria need 

adenine, guanine, thymine or uracil for growth (17). This is the case in particular for the 

bacterium Leuconostoc mesenteroides, for which guanine is essential for its growth (18).  

Amino acids 

Amino acids are also growth factors and are used for protein synthesis. Dunn et al (19) showed 

in 1946 that only 2 amino acids were essential for Leuconostoc mesenteroides, glutamic acid 

and valine while for Lactobacillus brevis, no less than 15 amino acids were necessary for its 

growth. This high requirement for amino acids can be explained by the fact that the base 

medium used at the time was not rich in common nutrients. Indeed, nowadays, Lactobacillus 

brevis grows on a COS agar (Columbia Blood Agar) (Biomérieux, France), not supplemented 

with amino acids (20) but composed of casein hydrolysate and peptone proteose, themselves 

sources of amino acids (11). 

Vitamins 

Vitamins are also part of growth factors. They are coenzymes or precursors of coenzymes. A 

vitamin is an organic substance, necessary in small quantities for the metabolism of a living 

organism, which cannot be synthesized in sufficient quantity by that organism. 

Faecalibacterium prausnitzii, which is a tedious bacterium, requires a large number of vitamins 

to grow, such as biotin, folic acid, riboflavin or vitamin B12 (21). This bacterium also requires 
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the presence of other growth factors such as volatile fatty acids (acetic acid, propionic acid or 

valeric acid) (21). 

Blood use and its derivatives 

Blood and its derivatives will also boost the growth of certain bacteria. In culture media, it is 

common to use sheep's blood or horse's blood. The role of blood is to act as a protective agent 

against toxic oxygen radicals (22) but also as a nutritional supplement. For example, sheep's 

blood provides the factor X (heme) necessary for the growth of many pathogenic species, 

including Haemophilus influenzae (23). Most often, 5% blood is added to culture media (22). 

Serum, such as fetal calf or lamb serum, can also be used as a growth factor by providing a 

large number of elements such as lipids, vitamins, triglycerides, minerals and others (24). This 

blood that has been cleared of cells, platelets and clotting factors. Fetal calf serum, which is 

most commonly used in microbiology (25, 26), must be inactivated by heat before use (56°C 

for 30 min) in order to inactivate all components of the complement system present in this 

serum (27, 28). It must be stored at -20°C and heated to room temperature rather than in a water 

bath to avoid deterioration of the proteins it contains. 

Rumen fluid 

Finally, it is also possible to use the rumen fluid (29, 2) to promote the growth of certain 

bacterial species by mimicking their natural environment. The rumen fluid used corresponds to 

the rumen of the sheep. To prepare it, it is first necessary to recover the juice from the fermented 

plants in the stomach by filtering it through a fine cloth. This juice is then centrifuged (10,000 

rpm for 90 min) and the supernatant is collected. Then, it undergoes 3 successive filtrations at 

0.8µm, 0.45µm and 0.22µm (2, 30). 5% rumen juice is usually added to the culture media. The 

rumen fluid can promote the growth of certain Treponema such as Treponema hyodysenteriae 

and Treponema innocens (31). 
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Antioxidants 

Some anaerobic bacteria are fastidious to grow and new culture strategies have been developed 

to isolate them. Indeed, anaerobic bacteria are most abundant in the human intestinal 

microbiota, accounting for up to 99.9% of total bacteria (32) and are extremely sensitive to 

oxygen, which is toxic to it.  Antioxidants have therefore been added to culture media to allow 

the culture of strict anaerobic bacteria under aerobic conditions (33, 34). A number of 

antioxidants have been tested and have shown satisfactory results. This is the case for ascorbic 

acid and glutathione (34) or uric acid (35). The addition of these antioxidants to the culture 

medium and it incubation under aerobic conditions allowed the growth of 135 strict anaerobic 

bacteria, 12 microaerophilic bacteria and 22 strict aerobic bacteria (35). 

 

III. How can we have a selective culture medium? 

A selective culture medium is used to isolate a particular bacterial species or genus. After the 

addition of a number of inhibitors to the culture medium, the objective of this type of media, is 

to eliminate unwanted microbial flora. The selective medium is composed of a basic medium 

to which antibiotics, chemicals, dyes, antiseptics, sodium salts or phages can be added (36). 

Antibiotics 

Antibiotics are the most commonly used selective agents. Their spectrum of action being well 

known, so it’s easier to anticipate their action on bacteria. There are a large number of 

antibiotics that can be used in culture media, some of which are called antibacterial because 

they target bacteria and others antifungal because they eliminate fungi and yeasts (37). Some 

molecules target Gram positives, such as penicillin G, bacitarcin or vancomycin, while others 

target Gram negatives such as colistin or polymixin B. Amphotericin B, cycloheximide or 
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nystatin have an action against fungi and yeasts. (cf Table 1 and 2) (39, 10). Several antibiotics 

can be combined to obtain a more selective medium (37). 

Antiseptics 

Antiseptics are more rarely used in culture media. However, cetrimide (43, 44) or acriflavin 

(10) can be found in some culture media. Chlorhexidine can be used to select Mycobacterium 

tuberculosis (45, 46) (cf Table 3). Ethanol can also select bacterial species, including sporulated 

bacteria (51, 52) such as Clostridium difficile (51). 

Cetrimide Agar Base is a culture medium used to selectively isolate and identify Pseudomonas 

aeruginosa. Cetrimide is a quaternary ammonium that inhibits a large number of bacteria 

including those of the genus Pseudomonas, other than P. aeruginosa (10). 

Sodium salts 

Sodium salts are known for their inhibitory properties.  The best known is sodium chloride, 

which is used to select halophilic bacteria that resist very high amounts of salts (53). In addition, 

sodium deoxycholate has a strong solvent action on bacteria (54) (cf Table 4). 

The Marine Agar 2216E culture medium is used to enumerate marine heterotrophic bacteria. It 

is composed of a high concentration of salt, which eliminates a large number of bacteria and 

preserves marine bacteria of interest (55). 

Chemical substances 

Chemical substances can be added to culture media to inhibit certain bacteria. These inhibiting 

substances include potassium tellurite and bile salts which inhibit Gram-positive bacteria (47, 

10, 39) or lithium chloride (10, 39), which eliminates Gram-negative bacteria (cf Table 5). 

Brayton et al (48) have created a selective culture medium for Vibrio vulnificus, which is a 

pathogenic halophilic bacterium. This medium, VV agar, consists, among other things, of 

potassium tellurite as selective agent for inhibiting Enterobacteriaceae. 
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Dyes 

Dyes can be used as a color indicator in a culture medium or as a selective agent against certain 

bacteria. Cristal violet is one of the most commonly used dyes to inhibit bacteria (37, 49). 

Malachite green and methylene blue are also used to inhibit Gram positive and negative bacteria 

and Gram positive bacteria respectively (10, 50) (cf Table 6). 

A selective medium of Streptococcus pneumoniae has been developed, containing crystal 

violet. This dye is used to select Streptococci and inhibit Staphylococci and other Gram-positive 

bacteria (49). 

Phages 

Bacteriophages are specific virus of bacteria that can infect and even destroy bacteria, in the 

case of lytic phages. In order to isolate Mycobacterium tuberculosis, the use of phage lysin 

decontaminates the sputum of other bacteria present in the pulmonary microbiota (56).  

Sillankorva et al (57) worked on permanent urinary tract infections due to Escherichia coli. In 

order to treat these infections, they tested different phages (T1, T4, and phiX174 like phages) 

against E. coli. After 2 hours of treatment, phage T1 reduced the E. coli population by 45%, 

thus demonstrating the efficacy of this selective agent. 

 

IV. Disadvantages of gelling agents use 

IV.1 Liquid culture media versus solid culture media 

There are two main types of culture media, liquid and solid culture media.  

In liquid culture media, also called culture broths, nutrients are dissolved in water. The growth 

of bacteria in this type of medium can be demonstrated by the appearance of a turbidity in the 

medium, although this is not always the case. It’s difficult to isolate a bacterium specifically in 

this type of medium. Indeed, bacteria obtained from a sample inoculated into the culture broth 
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are all mixed with each other. In addition, this type of culture medium does not allow the 

morphological characteristics of bacterial species to be identified (9). 

However, liquid culture media facilitate access to nutrients for bacteria. These nutrients are all 

the more accessible as culture media are incubated under agitation, allowing a renewal of 

nutrients for bacteria.  

Solid culture media are obtained by adding a gelling agent, such as agar, to the culture broth. 

They make it possible to obtain isolated colonies of different bacterial species, which can be 

identified. The different morphological characteristics of the bacterium can be described from 

these cultures (9, 58). However, in solid culture media, access to nutrients for bacteria may be 

limited. Media with a high gel content, such as agar, will form smaller colonies than low gel 

content media because nutrient flow and toxin removal are reduced (7). 

In addition, it has been shown that agar, in excessive quantities, can inhibit the growth of certain 

bacteria, demonstrating the need to find other gelling agents (9). 

IV.2 Different gelling agents 

One of the first gelling agents used in culture media was gelatin. The problem with this gelling 

agent is that it melts at 37°C, which is the incubation temperature of most bacteria. Moreover, 

the presence of an enzyme in certain bacteria, gelatinase, causes the digestion of gelatin and 

therefore its degradation. Agar was then used in culture media. However, over-consumption of 

agar has led to a reduction in its source, red algae (59), thus increasing costs. In addition, 

agarase, present in some bacteria, destroys agar, thus preventing the isolation of these bacteria 

(60). Finally, agar can cause inhibition of PCR of fungal DNA when extracted directly from the 

solid culture medium (61). For all these reasons, new gelling agents have been sought. These 

gelling agents include κ-carrageenan, ι-carrageenan, sodium alginate, HM and LM pectins, 
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gellan gum (60, 62). All these gelling agents have different properties and particular needs to 

gel (cf Table 7). 

Carrageenan gums 

κ-carrageenan and ι-carrageenan are part of the carrageenan gums. 

The first will form a firm gel with a rapid mass build-up when combined with potassium ions. 

It allows the growth of some bacteria. This gelling agent resists very alkaline pH values above 

12.5, thus isolating highly very alkalineophilic bacteria (63). It can be used to replace agar 

because many bacteria grow on κ-carrageenan-based media (64). 

ι-carrageenan is rarely used because it gives elastic gels that make difficult bacterial culture 

(64). 

Sodium alginate 

This gelling agent is produced from brown seaweed extract and form a flexible gel in the 

presence of calcium ions. However, this gelling agent does not provide a gel firm enough to 

grow bacteria (62). 

HM and LM pectins 

HM pectins require sugar and high acidity to gel, gel setting is slow and results in the formation 

of a "spreadable" gel. 

LM pectins form brittle gels in the presence of Ca2+ (61). 

Gellan gum 

Gellan gum is a polysaccharide produced by a bacterial genus, Sphingomonas spp. According 

to Tamaki et al (65), 108 bacteria tested on media with gellan gum as gelling agent showed 

growth.  
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The use of these different gelling agents could allow the culture of new bacteria, which do not 

grow on the agar, because of the presence of an agarase for example or because the agar forms 

a network too dense to allow motility and optimal growth of certain bacteria (9). 

IV.3 Colony size 

The amount of nutrients available in a culture medium will determine the size of bacterial 

colonies (58). An overly firm culture medium, due to a high concentration of gelling, causes a 

decrease in the flow of nutrients and thus a decrease in the access of these nutrients to bacteria 

(7, 9). On the other hand, in some culture media, the amount of nutrients available is too high 

and can be toxic for certain bacteria that need a poor culture medium to grow (67). 

Microcolonies are colonies that are barely visible to the naked eye (between 100 and 300 µm 

in diameter). To obtain larger colonies, it is sometimes necessary to mimic the bacterium's 

natural environment by providing it with specific elements. This is the case, for example, for 

Phascolarctobacterium faecium and Phascolarctobacterium succinatutens, which form 

microcolonies, but when the medium is supplemented with succinate, the colonies have a 

diameter ranging from 0.8 to 1.2 mm (68, 69). 
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Conclusion 

After a stagnation in the development of new culture techniques, due to the rapid evolution of 

new microbiological methods such as metagenomics, bacterial culture is experiencing a new 

boom. In recent years, culturomics, with the use of new culture media and new culture 

conditions, has enabled the enrichment of the bacterial repertoire through the isolation of new 

bacterial species. This shows that despite the abandonment of culture by a large number of 

microbiologists, culture media remain a fundamental tool for bacteriologists for the isolation of 

commensal but also pathogenic bacteria. 

Studying the natural environment of bacteria that remain uncultivated to date would be 

interesting because it would provide the essential element for the bacteria to grow. Indeed, 

although there are many enriched culture media, each bacterium is unique and requires specific 

needs. The use of new gelling agents could also allow the isolation of new species for which 

agar was not suitable for their growth. Although many gelling agents have been tested, few are 

still used in commercial culture media and therefore in laboratories. Many developments in 

bacterial culture are therefore still to come, making it possible to enrich the bacterial repertoire 

and gain a better understanding of certain diseases. 
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Figure 1: Evolution of culture media over time 
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Table 1: Antibiotics       Action against bacteria or fungi       No action against bacteria or fungi 

 

 

 

 

 

Gram + Gram - Fungi, yeast

Cefalotin (1ère gen) 


Entrobacteria  *Cefalotin buffered dextrin broth
Sachan and Agarwal, 2000 (40)                                                                 

Corry et al, 2012 (41)

Cefamandole (2ème gen) 


Enterobacteria  *BCYE supplemented with Cefamandole Bartram et al, 2007 (42)

Cefixime (3ème gen)


Cocci



Bacillus  *MacConkey Sorbitol agar (CT-SMAC) Delarras, 2014 (39)

Ceftazidime (3ème gen)   *Palcam medium Delarras, 2014 (39)

*Yeast Extract Glucose Chloramphenicol 

Agar                                                                 

*Chloramphenicol Sabouraud Agar

Delarras, 2014 (39)

*Preston Agar and Broth Delarras, 2014 (39)

*OGYE Agar Base Power et al, 2009 (11)

Gallery API Campy Biomérieux Delarras, 2014 (39)

Example of culture media References

*A7 Agar modified
ECN Pilly 2018 (38)                           

Power et al, 2009 (11)

*PC agar Power et al, 2009 (11)

*Bolton broth                                                                

* Preston Agar and Broth     
Delarras, 2014 (39)

*Differentiation test Delarras, 2014 (39)

Microorganisms

















Rifampicine 



Other than 

Enterobacteria        

Oxytetracycline  

Erythromycin  

Inhibitors

Penicillin G  

Ticarcillin 


Aerobic bacillus                      

Trimethoprim  

Nitrofurantoin



Especially those 

of the urinary 

tract



Especially those of 

the urinary tract

Chloramphenicol  

A
nt

ib
io

tic
s

Ce
ph

al
op

or
in

s
Ca

rb
ox

yp
en

ic
ill

in
s

D
ia

m
in

op
yr

im
id

in
es

N
itr

of
ur

an
e

Ph
oe

ni
co

le
s

Ri
fa

m
yc

in
es

Te
tr

ac
yc

lin
es

M
ac

ro
lid

es

Pe
ni

ci
lli

ns



44 
 

Table 2: Rest of antibiotics                 Action against bacteria or fungi      No action against bacteria or fungi 

 

 

 

 

Gram + Gram - Fungi, yeast

Fosfomycin (Natural antibiotic)


Aerobic 


Enterobacteria  *Oxford Agar Power et al, 2009 (11)

Novobiocin 
 

Cocci 

*CIN Agar                                                                     

*Yersinia Antimicrobic Supplement CN                                                                       

*EC Medium, Modified

Power et al, 2009 (11)

Polymyxin B 


Aerobic 

*PALCAM Medium Base                                           

*SPS Agar                                                                            

*TSN Agar    

Power et al, 2009 (11)

Bacitracin  
*Chocolate II Agar with Bacitracin                           

*Haemophilus Isolation Agar with Bacitracin
Power et al, 2009 (11)

Colistin 


Aerobic 

* Oxford Agar                                                         

*Campylosel Agar                                                

*Thayer-Martin Selective Agar 

Power et al, 2009 (11)

Neomycin


Aerobic


Aerobic 

*Lecithin Lactose Agar                                         

*Neomycin Blood Agar                                                                                           

*TSN Agar

Power et al, 2009 (11)

Nalidixic acid 


Enterobacteria 

*Todd Hewitt Broth with Gentamicin and 

Nalidixic Acid                                                                                

*UVM Modified Listeria Enrichment Broth                                                                              

*Columbia CNA Agar

Power et al, 2009 (11)

Vancomycin   

*Vancomycin Screen Agar                             

*Anaerobe Laked Sheep Blood Agar

with Kanamycin and Vancomycin

Power et al, 2009 (11)

Gentamycin


Aerobic


Aerobic 
*Todd Hewitt Broth with Gentamicin and 

Nalidixic Acid                                                            
Power et al, 2009 (11)

*Thayer-Martin Selective Agar Power et al, 2009 (11)

Inhibitors
Microorganisms

Example of culture media References

*Campylobacter Antimicrobic Supplement 

Blaser                                                                                                                         

*Butzler Agar                                                       

*Campylosel Agar                              

Power et al, 2009 (11)                

Delarras, 2014 (39)

Cycloheximide   

*Brain Heart CC Agar                                               

*Dermatophyte Test Medium Base                                          

*m E Agar

Power et al, 2009 (11)

Amphotericin B   

Nystatin   
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Table 3: Antiseptics 

  

  

 

 Action against bacteria or fungi       No action against bacteria or fungi 

 

Gram + Gram - Fungi, yeast



*Fraser Broth Base                                                  

*Listeria Enrichment Broth                                

*PALCAM Medium Base

Power et al, 2009 (11)  

Inhibitors
Microorganisms

Example of culture media References

Asmar et al, 2015 (44)                    

Asmar et al, 2016 (45)

Cetrimide   
*Cetrimide Agar Base                                                     

*CN Agar

Power et al, 2009 (11)                  

Delarras, 2014 (39)

chlorhexidine    *Selection of Mycobacterium tuberculosis

Acriflavin  A
n
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se
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cs
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Table 4: Sodium salts 
 

 

 

 

 

 

 

 

 Action against bacteria or fungi       No action against bacteria or fungi 

 

 

 

Gram + Gram - Fungi, yeast

Sodium azide   

*Azide Blood Agar Base                                       

*Azide Dextrose Broth                                                    

*m E Agar                                                                                 

*EVA Broth

Power et al, 2009 (11)    

Sodium deoxycholate  

*m TEC Agar                                                                             

*TT Broth Base, Hajna                                              

*XLD Agar

Power et al, 2009 (11)  

Sodium citrate   

*APT Agar                                                                       

*DCLS Agar                                                                  

*Desoxycholate Citrate Agar

Power et al, 2009 (11)  

Sodium selenite 



Other than 

Salmonella


*Selenite Cystine Broth                                     

*Selenite Broth
Power et al, 2009 (11) 

Sodium tetrathionate 



Other than 

Salmonella  and 

Proteus

 *MKTTn Broth Delarras, 2014 (39)

*Fraser Broth Base                                                  

*Mannitol Salt Agar                                                

*Marine Agar 2216

Power et al, 2009 (11) 

Inhibitors
Microorganisms

Example of culture media References

Sodium chloride



Except halophilic 

and halotolerant 

bacteria



Except halophilic 

and halotolerant 

bacteria


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Table 5: Chemical substances 

  

  

 

 

 

 

 Action against bacteria or fungi       No action against bacteria or fungi 

Gram + Gram - Fungi, yeast

Bile salts  

*Bile Esculin Agar                                                                  

*EC Medium                                                                                     

*m FC Agar and Broth

Power et al, 2009 (11) 

Oxgall   
*Bile Esculin Agar                                                    

*Brilliant Green Bile Agar                                     
Power et al, 2009 (11) 

Lithium chloride   

*VJ Agar                                                                        

*Baird-Parker Agar Base                                    

*Giolitti-Cantoni Broth Base

Power et al, 2009 (11) 

D-cycloserine   
*Cycloserine-cetoxitin-fructose agar                                                       

*Tryptose Sulfite Cycloserine Agar
Power et al, 2009 (11)  

Irgasan 



Other than 

Pseudomonas


*CIN Agar                                                                 

*Pseudomonas Isolation Agar                                                                  
Power et al, 2009 (11) 

Tergitol 7    *TTC and Tergitol 7 Lactose Agar Delarras, 2014 (39)

Potassium tellurite   
*Serum Tellurite Agar                                                         

*Tellurite Glycine Agar
Power et al, 2009 (11) 

Lauryl sulfates   

*m Endo Agar LES                                                                 

*Lauryl Tryptose Broth                                                     

*Lauryl Sulfate Broth

Power et al, 2009 (11)

Inhibitors
Microorganisms

Example of culture media References
C

h
em

ic
al

 s
u

b
st

an
ce

s
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Table 6: Dyes 

  

  

 

 Action against bacteria or fungi       No action against bacteria or fungi 

Gram + Gram - Fungi, yeast

Methylen blue   
*Eosin Methylene Blue Agar                                    

*Levine EMB Agar

Power et al, 2009 (11)              

Delarras, 2014 (39)

Eosin   
*Eosin Methylene Blue Agar                        

*Levine EMB Agar

Power et al, 2009 (11)              

Delarras, 2014 (39)

Cristal violet


Cocci  

*MacConkey Agar                                                   

*Mitis Salivarius Agar                                            

*Drigalski medium

Power et al, 2009 (11)             

Delarras, 2014 (39)

Ethyl violet   
*EVA Broth                                                                          

*Litsky Broth

Power et al, 2009 (11)                

Delarras, 2014 (39)

Brilliant green   
*Brilliant Green Bile Broth                                           

*SS Agar

Power et al, 2009 (11)             

Delarras, 2014 (39)

Malachite green   
*Mycobacteria 7H11 Agar                     

*Wallenstein Medium

Power et al, 2009 (11)           

Delarras, 2014 (39)

Inhibitors
Microorganisms

Example of culture media References
D

ye
s
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Table 7: Gelling agents used in culture media (60, 62, 66) 
 

 

 

 

 

  

 

 

 

Origin Type Gel texture Necessary Ions Gelling temperature

 Xanthomonas campestris bacteria
Xanthan gum (+ carob bean 

gum)

Stable over a wide temperature and pH range                                                                             

Soft elastic gel in combination with carob bean gum and in the presence of salts

Plant exudates Arabic gum

Soft gel (>10% of final volume)                                                                                                        

Stable in acidic medium                                                                                                                       

Heating must be limited in time as there is a risk of loss of the gum's gelification 

capacity

Animale Egg

> 90°C

270◦C                                  

thermo-reversible

Thermo-irreversible

Animale Gelatin Elastic gel, transparent < 20°C > 40°C

Biosynthetics  Gellan gum
Transparent, shiny, firm.                                                                                                              

Stable up to pH=3
< 90°C

Thermo-irreversible 

Extracts of vegetable by-products LM Pectine Brittle, transparent Ca2+ Thermo-reversible

Extracts of vegetable by-products HM Pectin 

Gels in an acidic environment (pH<3) and in the presence of sugar.                                                                           

Slow gel setting                                                                                                                                      

"Spreadable" gel              

< 65°C

> 65°C

·   Iota                                                                                                                                                   

Elastic, transparent, reformable
Na+ ou K+

Brown seaweed extracts Sodium alginate Flexible gel  Ca2+ Whatever the temperature Thermo-irreversible

Red seaweed extracts Carrageenans (kappa, iota)

·   Kappa                                                                                                                                                

Elastic or firm (depending on concentration), transparent, glossy                               

Very fast gel setting                                                                                        
K+

< 40°C

Melting temperature

Red seaweed extracts Agar
Firm, brittle, transparent                                                                                                                           

Acid-resistant (up to pH 3.5)
< 35°C > 80°C
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PARTIE II : Développement d’un 

milieu de culture permettant la 

sélection de la bactérie Enterococcus 

hirae. 
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AVANT-PROPOS 

 

Le milieu de culture développé a pour but la culture spécifique et l’isolement sélectif 

d’Enterococcus hirae (E. hirae), une bactérie d’intérêt médical qui joue un rôle dans la 

stimulation du système immunitaire chez des personnes atteintes de cancer du poumon ou 

ovarien, à partir d’échantillons biologiques. Il a été démontré que la présence d’E. hirae chez 

les personnes atteintes de ces types de cancer favorisait la réponse au traitement par 

cyclophosphamide (8).  

Dans un premier temps, le milieu de culture va permettre un isolement sélectif des trois 

espèces du genre Enterococcus les plus communément rencontrées dans les prélèvements de 

selles humaines, à savoir: E. faecalis, E. faecium et E. hirae. Pour cela, des inhibiteurs des 

bactéries Gram négatif et positif (autres que ces trois bactéries) ont été ajoutés au milieu. Dans 

un deuxième temps, la distinction entre ces espèces se fait sur un changement de couleur du 

milieu de culture sous les colonies bactériennes, qui se produit lors de la consommation d’un 

sucre par E. faecalis et E. faecium. E. hirae ne consommant pas ce sucre, elle apparait 

transparente sur le milieu alors que les deux autres prennent une coloration jaunâtre. 

Un tel milieu de culture pourra permettre d’orienter le choix du médecin pour un 

traitement par cyclophosphamide plutôt qu’un autre, en cas de présence de la bactérie E. hirae 

dans le microbiote intestinal du patient. 
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Brevet 1 : Milieu et procédé de culture et isolement sélectif 

de la bactérie Enterococcus hirae 
 

 

 

 

 

Marion Bonnet, Saber Khelaifia, Didier Raoult 

 

 

 

 

Brevet 1H53316 cas 24 FR1755310   

 

Juin 2017 
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PARTIE III : Optimisation d’un 

milieu de culture, le R-medium, afin 

de favoriser la croissance de la 

majorité des bactéries anaérobies en 

aérobiose. 
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AVANT-PROPOS 

 
 

Actuellement, pour cultiver les bactéries anaérobies en diagnostic hospitalier, on utilise 

des flacons d’hémoculture anaérobies, ne contenant pas d’oxygène ; pour cultiver les bactéries 

aérobies on se sert des flacons d’hémoculture aérobies.  

Récemment, nous avons démontré dans notre laboratoire qu’il était possible de cultiver les 10 

bactéries anaérobies les plus communément retrouvées en pratique hospitalière à cette période 

(Dubourg et al, données non publiées), à savoir : Bacteroides fragilis, Bacteroides nordii, 

Bacteroides thetaiotaomicron, Clostridium beijeirinckii, Clostridium butyricum, Clostridium 

massilioamazoniensis, Clostridium irregulare, Finegoldia magna, Propionibacterium acnes et 

Propionibacterium avidum, en aérobie dans des flacons d’hémoculture Versatrek, (I2a, 

Montpellier, France). 

La présente invention concerne l’optimisation d’un milieu de culture liquide (R-

medium) (9) supplémenté par un cocktail de 6 antioxydants (acide ascorbique, glutathion, L-

cystéine, catalase, ubiquinol et acide lipoïque). Ce milieu a pour but de cultiver les 10 bactéries 

anaérobies citées précédemment dans des flacons d’hémocultures aérobies contenant notre 

milieu. L’acide urique, qui fait l’objet d’un brevet d’invention, a été exclu de la formule finale 

de ce nouveau milieu.  

L’utilisation de ce milieu représente un intérêt primordial pour le diagnostic hospitalier 

car il pourra raccourcir considérablement le temps de manipulation des techniciens et donc un 

rendu plus précoce des résultats. 

 

 

 

 

 

 



76 
 

 

 

 

 

 
Brevet 2 : Milieu de culture polyvalent pour bactéries 

anaérobies en aérobie. 

 

 

 

 

Marion Bonnet, Saber Khelaifia, Didier Raoult 

 

 

 
Brevet 1H53316 cas 28 FR1757574 

  

Août 2017 
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PARTIE IV : Elaboration d’un 

procédé de fabrication d’une gélose 

bi-phasique. 
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AVANT-PROPOS 

 

Actuellement, lors de l’incubation prolongée des géloses dans des étuves à température 

constante (37°C) un problème de dessiccation est observé au bout de 72 à 96h d’incubation. Ce 

dessèchement des géloses empêche le bon déroulement de la culture et la croissance 

bactérienne. Afin de contourner ce problème de déshydratation, nous avons mis au point une 

nouvelle technique de culture basée sur l’utilisation d’un milieu de culture bi-phasique sous 

forme de gélose inclinée, préparé dans des tubes en verre stériles. Le nouveau concept inventé 

ici a pour but la préparation d’un milieu de culture composé de deux couches superposées, une 

couche constituée d’un milieu de culture gélosé (gélose inclinée) qui constitue le support de 

travail pour réaliser la culture bactérienne, sous laquelle est emprisonnée une deuxième couche 

de milieu liquide qui permet de réhydrater la gélose en continu. 

Le milieu R-medium optimisé, précédemment décrit, a été expérimenté selon ce concept 

de gélose biphasique inclinée et les bactéries testées dans le précédent projet ont été 

ensemencées et incubées en aérobie. Nous avons pu observer la croissance de ces différentes 

bactéries en 48h. Jusqu’alors, la culture des bactéries anaérobies sur le milieu R-medium solide 

incubé en aérobiose, était difficile et peu sensible. Cette technique, alliée au R-medium, a 

permis de cultiver les bactéries anaérobies en aérobie, sans utiliser de générateurs 

d’anaérobiose.  
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Brevet 3 : Procédé de préparation d’un milieu de culture 

bi-phasique de bactérie. 

 

 

 

 

Marion Bonnet, Saber Khelaifia, Didier Raoult 

 

 

 
Brevet 1H53316 cas 26 FR1756709 

 

Juillet 2017 
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CONCLUSION ET PERSPECTIVES 
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Abandonnée un certain temps en faveur de nouvelles techniques innovantes, les 

techniques moléculaires, la culture a connu un nouvel élan avec l’apparition de la culturomics 

(2), qui consiste à utiliser un grand nombre de conditions et de milieux de culture afin de 

découvrir de nouvelles espèces bactériennes, et enrichir ainsi la connaissance du microbiote 

intestinal en particulier. Aujourd’hui, les milieux de culture ont retrouvé leur rôle fondamental 

en microbiologie. Ils permettent ainsi l’étude des caractéristiques physico-chimiques des 

bactéries grâce à l’obtention de cultures pures. De même, dans le cas des bactéries pathogènes, 

il est primordial d’obtenir rapidement leur profil de susceptibilité aux antibiotiques afin de 

prendre en charge le plus rapidement possible le patient. Cela est rendu possible grâce aux 

milieux de culture. 

Actuellement, le microbiote intestinal, qui est le microbiote le plus étudié, est colonisé 

par plus de 1014 microorganismes (10). Les bactéries composant ce microbiote ont été très 

étudiées ces dernières années et il a été mis en évidence le rôle fondamental qu’elles jouaient 

notamment dans le maintien de l’intégrité de la barrière muqueuse intestinale (11). Les 

recherches faites sur certaines bactéries plus particulièrement, ont montré le rôle qu’elles 

pouvaient avoir dans la santé humaine. Dans le cas de Faecalibacterium prausnitzii, qui est la 

bactérie la plus abondante du microbiote intestinal d’un individu sain, il a été montré qu’en cas 

de maladie inflammatoire chronique de l’intestin, il y avait une forte diminution de cette 

bactérie dans le microbiote intestinal (12). De plus, l’étude de la bactérie Enterococcus hirae a 

montré qu’elle pouvait induire la réponse au traitement par cyclophosphamide de certains 

cancers (8).  

Il a également été intéressant de démontrer que les bactéries anaérobies avaient la 

possibilité de croitre en condition d’aérobiose lorsque des antioxydants étaient ajoutés au milieu 

de culture (9). L’optimisation de ce milieu a permis la croissance d’un grand nombre de 

bactéries en aérobiose ; à terme, cela pourrait permettre le remplacement des flacons 

d’hémoculture aérobie et anaérobie par un seul flacon d’hémoculture incubée en aérobiose, lors 

de la recherche d’une infection bactérienne chez un patient. Ce milieu est actuellement testé 

dans notre laboratoire de bactériologie. Pour cela, un flacon d’hémoculture R-medium a été 

inclus dans un kit endocardite contenant en plus 1 flacon d’hémoculture aérobie et 3 flacons 

d’hémoculture anaérobies (bioMérieux, Lyon, France).  

Par ailleurs, l’invention du procédé de fabrication d’une gélose bi-phasique en tube a 

permis d’éviter la déshydratation des géloses lors d’une incubation longue à l’étuve lors de la 

culture de bactéries à croissance lente. De plus, lors de la fabrication du R-medium sous la 

forme d’une gélose bi-phasique en tube, nous avons pu observer la croissance de différentes 
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bactéries anaérobies en aérobiose. La culture de ces bactéries sur le R-medium solide en boite 

de Pétri était difficile et peu sensible car la gélose s’oxydait rapidement. Les bactéries testées 

ayant une croissance sur ce même milieu, coulé en tube, en moins de 48h, il n’y avait plus de 

risque de déshydratation et nous avons donc décidé de tester ce milieu sous forme de gélose 

inclinée monophasique dans un tube, sans phase liquide. Nous avons alors constaté une 

croissance de ces mêmes bactéries. Ce travail nous a donc permis de conclure que la surface de 

contact avec l’oxygène dans les tubes fermés était bien moins importante que celle à la surface 

d’une boite de Pétri, expliquant ainsi la faible sensibilité du milieu. 

L’invention de tous ces milieux a apporté une meilleure connaissance des bactéries et 

pourra permettre un gain de temps dans la prise en charge des patients sur un plan thérapeutique. 

A l’avenir, la création de nouveaux milieux de culture ciblant sur une seule bactérie pourrait 

permettre d’isoler des bactéries fastidieuses à isoler et non encore cultivées du fait de leurs 

exigences de pousse. De plus, dans le cas d’une bactérie avec un intérêt médical, le 

développement d’un milieu sélectif pour cette bactérie serait intéressant pour le choix du 

traitement ou pour conforter le diagnostic d’une maladie. 

Le microbiote intestinal, et les autres microbiotes du corps humains sont de plus en plus 

étudiés et la place des bactéries dans la santé humaine ne fait que grandir. Leur étude à travers 

la culture bactérienne, en complément des techniques moléculaires, est donc aujourd’hui plus 

que fondamentale et les bactéries pourront peut-être un jour jouer un rôle central dans le 

traitement des maladies.  
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PARTIE V : Annexes 

 

 

 

 

 

 

 

 
 

 

 

 



140 
 

AVANT-PROPOS 

 

La culture bactérienne a connu un nouvel essor avec la création de la culturomics en 

2012 dans notre laboratoire. Cette technique consiste à utiliser un grand nombre de conditions 

et de milieux de culture, couplés à une identification des espèces bactériennes par spectrométrie 

de masse MALDI-TOF afin d’accroitre la collection des espèces bactériennes qui composent 

le microbiome humain.  

Cette dernière partie de mon travail a consisté à décrire par taxonogénomique des 

nouvelles espèces ou nouveaux genres découverts dans notre laboratoire. Les deux nouveaux 

genres décrits ont été isolés à partir du microbiote digestif, dans des prélèvements provenant du 

côlon gauche, et la nouvelle espèce a été découverte dans un échantillon de colostrum.  
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NEW SPECIES

Genome sequence and description of Traorella massiliensis gen. nov., sp.
nov., a new bacterial genus isolated from human left colon
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Abstract

A strictly anaerobic, motile, non–spore-forming, Gram-negative, rod-shaped bacterium designated Marseille-P3110T was isolated from the

left colon cleansing of a 76-year-old Frenchwoman. Its 16S ribosomal RNA (rRNA) gene showed a 93.2% similarity level with the 16S

rRNA of Dielma fastidiosa strain JC13, the closest species with a validly published name. The genome of Marseille-P3110T is 2 607 061 bp

long with 35.99% G+C content. Of the 2642 predicted genes, 2582 were protein-coding genes and 60 were RNAs, including five 16S

rRNA genes.

© 2019 The Authors. Published by Elsevier Ltd.

Keywords: Culturomics, genome, gut microbiota, taxonogenomics, Traorella massiliensis

Original Submission: 17 January 2019; Revised Submission: 7 February 2019; Accepted: 13 February 2019

Article published online: 22 February 2019

Corresponding author: S. Khelaifia, Institut Hospitalo, Uni-
versitaire Méditerranée Infection, 19-21 Bd Jean Moulin, 13385
Marseille cedex 5, France.
E-mail: khelaifia_saber@yahoo.fr

The first two authors contributed equally to this article, and both
should be considered first author.

Introduction

Even though metagenomics has made it possible to explore the

human microbiota, many bacteria remain to be cultivated.
Culturomics is a culture-based approach that uses multiple

culture conditions together with MALDI-TOF MS and 16S ri-
bosomal RNA (rRNA) gene sequencing [1] for bacterial culture

and identification. This approach was developed to improve the
identification of uncultured bacteria by matching metagenomic

unassigned sequences with identified and cultivated bacteria [1].
The project that allows the isolation of this new strain

consists of the study the microbiota of different portions of the

digestive tract. Its composition varies according to different
factors such as pH, percentage of oxygen or health status [2].

During this project, we isolated a new bacterial genus, a
member of the family Erysipelotrichaceae. This family was
created in 2004 and actually regroups 11 genera [3]. Bac-

teria belonging to this family are all strictly anaerobic,
except the genus Erysipelothrix, which contains facultative

anaerobic or microaerophilic species. Most of these bacteria
are Gram positive, non–spore forming and rod shaped. The

bacteria belonging to this family seem to be highly immu-
nogenic. The proportion of Erysipelotrichaceae is higher in

patients with inflammatory bowel disease than in healthy
individuals [4].

The new genus was described using the taxonogenomics

approach. This approach combines next-generation sequencing,
and phylogenetic and phenotypic techniques [5]. The MALDI-

TOF MS protein profile plays also a role in the description of
new bacterial species.

We describe Traorella massiliensis strain Marseille-P3110T (=
CSUR P3110 = DSM 103514), a new genus isolated from the

left colon cleansing of a 76-year-old Frenchwoman.

New Microbe and New Infect 2019; 29: 100520
© 2019 The Authors. Published by Elsevier Ltd
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Materials and methods

Ethics and sample information
A sample from the left colon cleansing of a 76-year-old

Frenchwoman who underwent a colonoscopy to check for
colon polyps was collected at Hôpital Nord (Marseille, France)

in May 2016. The study was authorized by the local ethics
committee of the Institut Hospitalo-Universitaire Médi-
terranée-infection (Marseille, France) under agreement 2016-

010, and the patient provided written informed consent. At the

moment of the sample collection, she was treated with a pro-
ton pump inhibitor. The sample was transported in an antiox-

idant transport medium.

Strain identification by MALDI-TOF MS and 16S rRNA
gene sequencing
The sample was seeded directly on Columbia medium supple-
mented with 5% sheep’s blood (COS) (bioMérieux, Marcy

l’Etoile, France), and incubated under anaerobic conditions at

FIG. 1. Phylogenetic tree highlighting position of Traorella massiliensis strain Marseille-P3110T relative to other close strains. GenBank accession

numbers of each 16S rRNA are noted in parentheses. Sequences were aligned using Muscle version 3.8.31 with default parameters, and phylogenetic

inferences were obtained using neighbour-joining method with 500 bootstrap replicates within MEGA6 software. Only bootstraps >95% are shown.

Scale bar represents 0.02% nucleotide sequence divergence.
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37°C during 3 days. Colonies were purified through subculture

and identified by MALDI-TOF MS using a Microflex spec-
trometer and a MTP 96 MALDI-TOF target plate (Bruker

Daltonics, Leipzig, Germany), as described previously [6,7]. The
spectra obtained for each colony were matched against the

MALDI Biotyper software version 3.0 (Bruker) and Unité des
Maladies Infectieuses et Tropicales Emergentes (URMITE) da-
tabases using standard pattern matching (with default param-

eter settings). The identification scores used were as follows: a
score over 1.9 allowed identification at the species level, while a

score under 1.7 did not allow any identification. In the latter
case, the colony was identified by sequencing its 16S rRNA

gene as previously described [8]. According to Stackebrandt
and Ebers [9], a similarity threshold of 98.65% was used to

define a new species, whereas a threshold of 95% was used to
define a new genus without performing DNA-DNA hybridiza-
tion. Upon identification, a reference spectrum for strain

Marseille-P3110T was incremented in the URMITE database.

16S rRNA phylogenetic tree
A custom Python script was used to automatically retrieve all
species from the same order as the new genus and download
16S sequences from National Center for Biotechnology In-

formation (NCBI) by parsing the NCBI eUtils results and
NCBI taxonomy page. It only keeps sequences from type

strains. In case of multiple sequences for one type strain, it
selects the sequence obtaining the best identity rate from the

BLASTn alignment with our sequence. The script then sepa-
rates 16S sequences in two groups: one containing the se-

quences of strains from the same family (group a) and one
containing the others (group b). It finally only keeps the 15

strains closest to the group and the closest to group b. If it is
impossible to get 15 sequences from group a, the script se-
lects more sequences from group b to get at least nine strains

from both groups.

Growth conditions
Ideal growth conditions for strain Marseille-P3110T were
determined by testing five growth temperatures (25, 28, 37, 45

and 56°C) in an aerobic atmosphere with or without 5% CO2,
and under anaerobic and microaerophilic conditions using the

GENbag anaer and GENbag microaer systems, respectively
(bioMérieux). Different pH values (5, 5.5, 6.5, 7, 7.5 and 8) and
NaCl concentrations (10, 15 and 20%) were also tested.

Morphologic, biochemical and antibiotic susceptibility
tests
Phenotypic characteristics such as Gram staining, motility,
sporulation, and catalase and oxidase activities were tested as

previously described [3,10]. Biochemical analysis of strain
Marseille-P3110T was carried out using API 50 CH, API 20A
and API ZYM strips (bioMérieux) in an anaerobic atmosphere.

Antibiotic susceptibility was tested using the disc diffusion
method (i2a, Montpellier, France) [11] and according to Euro-

pean Committee on Antimicrobial Susceptibility Testing
(EUCAST) 2015 recommendations.

In order to observe their morphology, the cells were fixed
with 2.5% glutaraldehyde in 0.1 M cacodylate buffer for at least

1 hour at 4°C. A drop of cell suspension was deposited for
approximately 5 minutes on glow-discharged formvar carbon
film on 400 mesh nickel grids (FCF400-Ni, Electron Microscopy

Sciences (EMS), Hatfield, PA, USA). The grids were dried on
blotting paper, and cells were negatively stained for 10 seconds

with 1% ammonium molybdate solution in filtered water at
room temperature. Electron micrographs were acquired with a

Morgagni 268D (Philips, Amsterdam, The Netherlands) trans-
mission electron microscope operated at 80 keV.

Fatty acid methyl ester analysis by gas
chromatography/mass spectrometry
Two samples were prepared with approximately 30 mg of

bacterial biomass per tube collected from several culture plates.
Fatty acid methyl esters (FAME) were prepared as described by

Sasser [12]. Gas chromatography/mass spectrometry analyses
were carried out as described previously [13]. Briefly, FAME

were separated using an Elite 5-MS column and monitored by
mass spectrometry (Clarus 500–SQ 8 S; PerkinElmer, Cour-

taboeuf, France). Spectral database search was performed using
MS Search 2.0 operated with the Standard Reference Data-
base 1A (National Institute of Standards and Technology, Gai-

thersburg, MD, USA) and the FAMEs mass spectral database
(Wiley, Chichester, UK).

Genomic DNA extraction and genome sequencing
After a lysozyme pretreatment and incubation at 37°C for 2

hours, DNA was extracted on the EZ1 biorobot (Qiagen,

TABLE 1. Classification and general features of Traorella

massiliensis strain Marseille-P3110T

Property Term

Current classification Domain: Bacteria
Phylum: Firmicutes
Class: Erysipelotrichia
Order: Erysipelotrichales
Family: Erysipelotrichaceae
Genus: Traorella
Species: Traorella massiliensis
Type strain: Marseille-P3110T

Gram stain Negative
Cell shape Rod
Motility Motile
Sporulation Nonsporulating
Temperature range Mesophilic
Optimum temperature 37°C
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Germantown, MD, USA) with EZ1 DNA tissues kit. The elution
volume was 50 μL. Genomic DNA (gDNA) was quantified by a

Qubit assay with a high-sensitivity kit (Life Technologies,
Carlsbad, CA, USA) to 25.5 ng/μL.

gDNA of strain Marseille-P3110T was sequenced on the
MiSeq Technology (Illumina, San Diego, CA, USA) with the

mate-pair strategy. The gDNA was barcoded in order to be
mixed with 11 other projects with the Nextera Mate Pair
sample prep kit (Illumina).

The mate-pair library was prepared with 1.5 μg of gDNA

using the Nextera mate-pair Illumina guide. The gDNA
sample was simultaneously fragmented and tagged with a

mate-pair junction adapter. The pattern of the fragmentation
was validated on an Agilent 2100 BioAnalyzer (Agilent

Technologies, Santa Clara, CA, USA) with a DNA 7500
labchip. The DNA fragments ranged in size from 1.5 to 11
kb, with an optimal size at 5.176 kb. No size selection was

performed, and 378.6 ng of tagmented fragments were
circularized. The circularized DNA was mechanically

sheared to small fragments with an optimal at 1054 bp on the
Covaris device S2 in T6 tubes (Covaris, Woburn, MA, USA).

The library profile was visualized on a High Sensitivity Bio-
analyzer LabChip (Agilent), and the final concentration li-

brary was measured at 31.57 nmol/L.
The libraries were normalized at 2 nM and pooled. After a

denaturation step and dilution at 15 pM, the pool of libraries

was loaded onto the reagent cartridge and then onto the in-
strument along with the flow cell. Automated cluster genera-

tion and sequencing run were performed in a single 39-hour
run at a 2 × 251 bp read length.

Total information of 5.1 Gb was obtained from a 544K/mm2

cluster density with a cluster passing quality control filters of

96.8% (10 139 000 passing filter paired reads). Within this run,
the index representation for strain Marseille-P3110T was

determined to be of 8.93%. The 905 502 paired reads were
trimmed then assembled in nine scaffolds.

Genome assembly
The genome assembly was performed with a pipeline that
enabled creation of an assembly with different software (Velvet

[14], Spades [15] and Soap Denovo [16]) on trimmed (MiSeq
and Trimmomatic [17] software) or untrimmed data (only

MiSeq software). For each of the six assemblies performed,
GapCloser [16] was used to reduce gaps. Then contamination
with Phage Phix was identified (BLASTn against Phage Phix174

DNA sequence) and eliminated. Finally, scaffolds under 800 bp
in size were removed, and scaffolds with a depth value lower

than 25% of the mean depth were removed (identified as
possible contaminants). The best assembly was selected by

using different criteria (number of scaffolds, N50, number of
N). For the studied strain, Spades gave the best assembly, with a

depth coverage of 128×.

FIG. 2. (A) Reference mass spectrum from Traorella massiliensis strain Marseille-P3110T. (B) Gel view comparing Traorella massiliensis strain Marseille-

P3110T to other species within genera Erysipelotrix, Dielma, Holdemanella, Holdemania and Solobacterium. Gel view displays raw spectra of loaded

spectrum files arranged in pseudo–gel-like look. X-axis records m/z value; left y-axis displays running spectrum number originating from subsequent

spectra loading. Peak intensity is expressed by greyscale scheme code. Right y-axis indicates relation between colour of peak and its intensity in

arbitrary units. Displayed species are indicated at left.

FIG. 3. Gram staining of Traorella massiliensis strain Marseille-P3110T.

FIG. 4. Transmission electron microscopy of Traorella massiliensis strain

Marseille-P3110T using Morgagni 268D (Philips) transmission electron

microscope operated at 80 keV. Scale bar represents 500 nm.
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Genome annotation and comparison
Open reading frames (ORFs) were predicted using Prodigal
[18] with default parameters, but the predicted ORFs were

excluded if they spanned a sequencing gap region (contained
N). The predicted bacterial protein sequences were searched

against the Clusters of Orthologous Groups (COGs) database
using BLASTP (E value 1e-03, coverage 0.7 and identity per-

centage 30%). If no hit was found, then the predicted bacterial
protein sequences were searched against the NR database

using BLASTP with an E value of 1e-03, coverage of 0.7 and
identity percentage of 30%, and if the sequence length was
smaller than 80 aa, we used an E value of 1e-05. The

tRNAScanSE tool [19] was used to find transfer RNA genes,
while ribosomal RNAs were found using RNAmmer [20]. Li-

poprotein signal peptides and the number of transmembrane
helices were predicted using Phobius [21]. ORFans were

identified if all the BLASTP performed did not give positive

results (E value smaller than 1e-03 for ORFs with sequence

size larger than 80 aa or E value smaller than 1e-05 for ORFs
with sequence length smaller 80 aa). Such parameter thresh-

olds have already been used in previous studies to define
ORFans. Pfam-conserved domains (Pfam-A and Pfam-B do-
mains) were search on each protein with the HMMscan of the

HMMER3 suite [6]. PKS and NRPS were searched against the
ClusterMine360 [17] database. Resistome was analysed by

using the ARG-ANNOT database [22].
Species used for genomic comparison were identified in the

16S rRNA tree using PhyloPattern software [23]. For each
selected species, the complete genome sequence, proteome

sequence and ORFeome sequence were retrieved from the
NCBI’s FTP site. If one specific strain did not have a complete
and available genome, a complete genome of the same species

was used. If ORFeome and proteome were not predicted,
Prodigal was used with default parameters to predict them. All

proteome were analysed with proteinOrtho [24]. Then, for
each couple of genomes, a similarity score was computed. This

score is the mean value of nucleotide similarity between all
couples of orthologous genes between the two genomes

studied (average genomic identity of orthologous gene se-
quences (AGIOS) tool). An annotation of the entire proteome

was performed to define the distribution of functional classes of
predicted genes according to the clusters of orthologous
groups of proteins (using the same method as for the genome

annotation). Annotation and comparison processes were per-
formed in the multiagent software system DAGOBAH [25],

which includes Figenix [26] libraries that provide pipeline
analysis, and by using PhyloPattern [23] for tree manipulation.

To evaluate the genomic similarity between studied genomes,

TABLE 2. Differential characteristics of Traorella massiliensis strain Marseille-P3110T, Dielma fastidiosa strain JC13T [3], Eubacterium

dolichum strain JCM 10413T DSM 3991 [32], Faecalitalea cylindroides JCM 10261T DSM 3983 [33], Holdemanella biformis strain DSM

3989 [33], Allobaculum stercoricanis strain 2CLOS2T DSM 13633 [34], Holdemania massiliensis strain AP2T DSM 26143 [35],

Solobacterium moorei strain RCA59–74T DSM 22971 [36] and Bulleidia extructa strain W 1219T DSM 13220 [37]

Property
Traorella
massiliensis

Dielma
fastidiosa

Eubacterium
dolichum

Faecalitalea
cylindroides

Holdemanella
biformis

Allobaculum
stercoricanis

Holdemania
massiliensis

Solobacterium
moorei

Bulleidia
extructa

Cell diameter (μm) 0.28–0.37 0.6 0.4–0.6 NA NA 0.75–0.9 0.57 0.2 0.5
Gram stain − − + + + + + + +
Salt tolerance − NA NA NA NA NA NA NA NA
Motility + + − − − − − − −

Endospore formation − − − − − − − − −

Major cellular fatty acid 18:1n9 NA NA C 16 : 0 C 16 : 0 NA NA NA NA
Acid from:

D-Xylose − − − − + − NA − −

Ribose + NA − NA NA − + + NA
Mannose − − − + + − + − −

Mannitol − NA − − + − + − −

Sucrose − NA − + − + + − −

D-Glucose − − + + + + + + +
D-Fructose − NA + NA NA + + + +
D-Maltose − NA + − − + + + +

Habitat Human gut Human gut Human gut Human gut Human gut Human
Gut

Human gut Human gut Human oral cavity

+, positive result; −, negative result; NA, data not available.

TABLE 3. Cellular fatty acid composition (%)

Fatty acids Name Mean relative %a

18:1n9 9-Octadecenoic acid 34.1 ± 0.6
16:0 Hexadecanoic acid 30.1 ± 2.2
18:0 Octadecanoic acid 15.9 ± 2.0
18:2n6 9,12-Octadecadienoic acid 13.2 ± 2.8
14:0 Tetradecanoic acid 1.9 ± 0.2
18:1n7 11-Octadecenoic acid 1.8 ± 0.3
18:1n6 12-Octadecenoic acid 1.2 ± 0.1
17:0 Heptadecanoic acid TR
16:1n7 9-Hexadecenoic acid TR
15:0 Pentadecanoic acid TR
17:0 anteiso 14-methyl-Hexadecanoic acid TR
16:0 9,10-methylene 2-hexyl-Cyclopropaneoctanoic acid TR
17:0 iso 15-methyl-Hexadecanoic acid TR

aMean peak area percentage; TR, trace amounts <1%.
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we determined two parameters, digital DNA-DNA hybridiza-
tion (dDDH), which exhibits a high correlation with DNA-

DNA hybridization (DDH) [27,28], and AGIOS [29], which
was designed to be independent from DDH [31]. Genome-to-

Genome Distance Calculator (GGDC) analysis was performed
using the GGDC web server as previously reported [28].

FIG. 5. Graphical circular map of chro-

mosome. From outside to centre, genes

on forward strain coloured by COGs

categories (only gene assigned to COGs),

RNA genes (tRNAs green, rRNAs red),

G+C content and G+C skew. COGs,

Clusters of Orthologous Groups data-

base; rRNA, ribosomal RNA; tRNA,

transfer RNA.

TABLE 4. Nucleotide content and gene count levels of genome

Attribute

Genome (total)

Value % of totala

Size (bp) 2 607 061 100
G+C content (%) 937 722 35.99
Coding region (bp) 2 346 961 90.02
Total genes 2642 100
RNA genes 60 2.27
Protein-coding genes 2582 100
Genes with function prediction 1757 68.05
Genes assigned to COGs 1468 56.86
Genes with peptide signals 296 11.46
ORFans genes 279 10.81
Genes associated with PKS or NRPS 1 0.039
No. of antibiotic resistance genes 1 0.039
No. of genes associated with Pfam-A domains 2308 87

COGs, Clusters of Orthologous Groups database; NRPS, nonribosomal peptide
synthase; PKS, polyketide synthase.
aTotal is based on either size of genome in base pairs or total number of
protein-coding genes in annotated genome.

TABLE 5. Number of genes associated with 25 general COGs

functional categories

Code Value % of totala Description

[J] 191 7.40 Translation
[A] 0 0 RNA processing and modification
[K] 125 4.84 Transcription
[L] 88 3.41 Replication, recombination and repair
[B] 0 0 Chromatin structure and dynamics
[D] 32 1.24 Cell cycle control, mitosis and meiosis
[Y] 0 0 Nuclear structure
[V] 73 2.83 Defense mechanisms
[T] 64 2.48 Signal transduction mechanisms
[M] 96 3.72 Cell wall/membrane biogenesis
[N] 7 0.27 Cell motility
[Z] 0 0 Cytoskeleton
[W] 1 0.04 Extracellular structures
[U] 18 0.70 Intracellular trafficking and secretion
[O] 53 2.05 Posttranslational modification, protein turnover,

chaperones
[X] 58 2.25 Mobilome: prophages, transposons
[C] 73 2.83 Energy production and conversion
[G] 155 6.00 Carbohydrate transport and metabolism
[E] 116 4.49 Amino acid transport and metabolism
[F] 69 2.67 Nucleotide transport and metabolism
[H] 47 1.82 Coenzyme transport and metabolism
[I] 42 1.63 Lipid transport and metabolism
[P] 68 2.63 Inorganic ion transport and metabolism
[Q] 21 0.81 Secondary metabolites biosynthesis, transport

and catabolism
[R] 152 5.89 General function prediction only
[S] 74 2.87 Function unknown
− 1114 43.14 Not in COGs

COGs, Clusters of Orthologous Groups database.
aTotal is based on total number of protein-coding genes in annotated genome.
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Results

Strain identification and phylogenetic analyses
Strain Marseille-P3110T was first cultivated on COS under

anaerobic atmosphere at 37°C. The sample containing this
bacterium was transported in an antioxidant transport medium

and seeded directly onto COS. Strain Marseille-P3110T could
not be identified using MALDI-TOF MS, and therefore the 16S
rRNA was sequenced. The resulting sequence (accession no.

LT615365) showed a 93.2% similarity level with the 16S rRNA
gene of Dielma fastidiosa strain JC13, the closest species with a

validly published name [30] (Fig. 1). Because this 16S rRNA
nucleotide sequence similarity was lower than 95%, strain

Marseille-P3110T is considered to be a new genus according to
the threshold described by Stackebrandt and Ebers [9]. This

new genus belongs to the family Erysipelotrichaceae for which
we suggest the name Traorella, with Traorella massiliensis as type
species and Marseille-P3110T (= CSUR P3110 = DSM 103514)

as type strain (Table 1). Consequently, the reference protein

spectra for Traorella massiliensis (Fig. 2(A)) were incremented in

the URMITE database (http://www.mediterranee infection.com/
article.php?laref=256&titre=urms-database). A gel view was

also performed to observe the spectra’s comparison with the
closest bacteria (Fig. 2(B)).

Phenotypic description
The bacterium was cultivated at 37°C in anaerobic conditions.
No growth was noted in aerobic and microaerophilic conditions.

The optimal growth condition was observed after 72 hours in
anaerobic conditions. Growth was observed at pH 7, 7.5 and 8

but not at pH 5, 5.5 and 6.5. No growth was observed for the
salinities tested (10, 15 and 20%). Colonies of the strain Mar-

seille-P3110T were motile, non–spore forming, Gram negative
and rod shaped (Fig. 3). The strain Marseille-P3110T forms reg-
ular white colonies with a mean diameter of 1 mm. Individual

cells have a width ranging from 0.28 to 0.37 μm and a length
ranging from 2.5 to 3.1 μm (Fig. 4). No catalase and oxidase

activities were observed. Using an API ZYM strip, an API 20A

TABLE 6. Genome comparison of closely related species to Traorella massiliensis strain Marseille-P3110T

Organism INSDC Size (Mb) G+C (%) Protein-coding genes Total genes

Traorella massiliensis strain Marseille-P3110T FNLJ00000000 2.61 35.99 2582 2582
Faecalitalea cylindroides strain ATCC 27803 AWVI00000000 1.95 34.68 1841 2057
Erysipelothrix rhusiopathiae strain ATCC 19414 ACLK00000000 1.75 36.47 1613 1645
Solobacterium moorei strain F0204 AUKY00000000 2.01 36.78 2181 2035
Eubacterium dolichum strain CAG:375 ABAW00000000 2.03 37.40 2076 1927
Erysipelothrix tonsillarum strain DSM 14972 AREO00000000 1.93 36.83 1750 1792
Erysipelatoclostridium ramosum strain DSM 1402 ABFX00000000 3.24 31.39 2941 3169
Holdemanella biformis strain DSM 3989 ABYT00000000 2.52 33.79 2248 2529
Dielma fastidiosa strain DSM 26099 CAEN00000000 3.62 39.97 3321 3496

INSDC, International Nucleotide Sequence Database Collaboration.

FIG. 6. Distribution of functional classes of predicted genes according to clusters of orthologous groups of proteins.
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strip and an API 50 CH strip, positive enzymatic activities

included esterase C4, leucine arylamidase, N-acetyl-β-glucosa-
minidase, α-fucosidase, α-glucosidase, acid phosphatase and

naphtol-AS-BI-phosphohydrolase. No activity was found for the
following enzymes: valine arylamidase, β-galactosidase, esterase

lipase C8, protease, urease, alkaline phosphatase, lipase C14,
cystine arylamidase, trypsin, β-glucuronidase, α-chymotrypsin,
α-galactosidase, β-glucosidase and α-mannosidase. No acid pro-

duction was observed from D-glucose, D-lactose, D-sucrose, D-
maltose, salicin, D-cellobiose, D-mannose, D-raffinose, D-sorbitol,

D-trehalose, D-mannitol, D-xylose, L-arabinose, glycerol, D-mele-
zitose and L-rhamnose. Only a few carbohydrates were metab-

olized: D-ribose, D-tagatose and potassium 5-ketogluconate as
revealed by an API 50 CH strip. The other tested carbohydrates

(D-melibiose, glycerol, glycogen, D-arabinose, L-arabinose, eryth-
ritol, D-xylose, L-xylose, D-galactose, D-adonitol, methyl-βD-
xylopyranoside, D-glucose, D-fructose, D-mannose, L-sorbose,

dulcitol, L-rhamnose, inositol, D-mannitol, D-sorbitol, methyl-αD-
glucopyranoside, methyl-αD-mannopyranoside, N-acetylglucos-

amine, esculin ferric citrate, amygdalin, D-cellobiose, arbutin,
salicin, D-maltose, D-sucrose, D-lactose, D-raffinose, D-trehalose,

inulin, D-melezitose, starch, xylitol, gentiobiose, D-arabitol, L-
arabitol, D-lyxose, D-turanose, D-fucose, L-fucose, potassium glu-

conate and potassium 2-ketogluconate) were not utilized.
Strain Marseille-P3110T was susceptible to amoxicillin/clav-

ulanic acid, clindamycin, metronidazole, imipenem, tobramycin,
fosfomycin, erythromycin and amoxicillin but was resistant to
rifampicin, gentamicin, vancomycin, colistin, trimethoprim/sul-

famethoxazole, oxacillin and doxycycline. Differential charac-
teristics between strain Marseille-P3110T and close relatives are

presented in Table 2. Strain Marseille-P3110T differed from
other compared species for several phenotypic characteristics

including Gram staining and motility. All species were
non–spore forming.

The most abundant cellular fatty acids were 9-octadecenoic
acid (34%), hexadecanoic acid (30%), octadecanoic acid (16%)
and 9,12-octadecadienoic acid (13%). Other fatty acids were

present in lower amounts (Table 3).

Genome properties
The genome of Marseille-P3110T is 2 607 061 bp long with
35.99% G+C content (Fig. 5 and Table 4). It is composed of

nine scaffolds (composed of 14 contigs). Of the 2642 pre-
dicted genes, 2582 were protein-coding genes and 60 were

RNAs (five genes are 5S rRNA, five genes are 16S rRNA, five
genes are 23S rRNA, 45 genes are transfer RNA genes). A
total of 1757 genes (68.05%) were assigned as putative func-

tion (by COGs or by NR BLAST). A total of 279 genes were
identified as ORFans (10.81%). The remaining genes were

annotated as hypothetical proteins (472 genes, 18.28%). The
distribution of genes into COGs functional categories is pre-

sented in Table 5.

Genome comparison
Genomic characteristics of strain Marseille-P3110T were

compared to those of closely related species with an available
genome: Dielma fastidiosa (DSM 26099; CAEN00000000), Ery-

sipelatoclostridium ramosum (DSM 1402; ABFX00000000), Fae-
calitalea cylindroides (ATCC 27803; AWVI00000000),

Erysipelothrix rhusiopathiae (ATCC 19414; ACLK00000000),
Solobacterium moorei (F0204; AUKY00000000), Eubacterium

dolichum (CAG:375; ABAW00000000), Erysipelothrix tonsillarum
(DSM 14972; AREO00000000) and Holdemanella biformis (DSM
3989; ABYT00000000) (Table 6). The draft genome sequence

of strain Marseille-P3110T is smaller than that of Dielma fastid-
iosa and E. ramosum (3615, 2607 and 3235 MB respectively), but

larger than that of F. cylindroides, E. rhusiopathiae, S. moorei,
E. dolichum, E. tonsillarum and H. biformis (1946, 1746, 2008,

2025, 1931 and 2518 MB respectively). The G+C content of
strain Marseille-P3110T is smaller than that of Solobacterium

moorei, Eubacterium dolichum, Dielma fastidiosa, Erysipelothrix
rhusiopathiae and Erysipelothrix tonsillarum (35.99, 36.78, 37.4,

39.97, 36.47 and 36.83% respectively), but larger than that of
F. cylindroides, E. ramosum and H. biformis (34.68, 31.39 and
33.79% respectively) (Table 6).

The gene content of strain Marseille-P3110T is smaller than
that of Dielma fastidiosa and E. ramosum (3319, 2582 and

TABLE 7. Numbers of orthologous proteins shared between genomes (upper right) and AGIOS values obtained (lower left)

Tm Fc Ed Er Et Hb Sm Era Df

Tm 2582 769 696 605 614 757 663 768 940
Fc 57.72 2057 696 534 541 851 606 723 797
Ed 59.24 59.86 1927 484 501 691 529 632 785
Er 58.60 57.06 57.12 1645 769 527 567 579 647
Et 62.91 56.24 56.25 70.60 1792 544 580 590 654
Hb 55.70 60.78 57.01 56.11 54.85 2529 614 722 800
Sm 58.87 57.70 58.21 57.81 58.48 56.99 2035 595 708
Era 59.80 56.40 56.80 57.56 58.29 57.36 56.95 3169 836
Df 59.29 56.88 58.13 56.47 56.39 55.88 56.07 56.88 3319

Number of proteins per genome is indicated in bold.
Df, Diema fastidiosa DSM 26099; Ed, Eubacterium dolichum CAG, 375; Er, Erysipelothrix rhusiopathiae ATCC 19414; Era, Erysipelatoclostridium ramosum DSM 1402; Et, Erysipelothrix
tonsillarum DSM 14972; Fc, Faecalitalea cylindroides ATCC 27803; Hb, Holdemanella biformis DSM 3989; Sm, Solobacterium moorei F0204; Tm, Traorella massiliensis Marseille-P3110T.
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3169 respectively), but larger than that of F. cylindroides, E.

rhusiopathiae, S. moorei, E. dolichum, E. tonsillarum and H. biformis
(2057, 1645, 2035, 1927, 1792 and 2529 respectively). Distri-

bution of genes into COGs categories was similar among all
compared genomes (Fig. 6).

Among species with standing in nomenclature, AGIOS
values ranged from 54.85 between H. biformis and E. tonsillarum
to 70.60 between E. tonsillarum and E. rhusiopathiae. When

compared to strain Marseille-P3110T, AGIOS values ranged
from 55.70 with H. biformis to 62.91 with E. tonsillarum

(Table 7). Among species with standing in nomenclature,
dDDH values ranged from 15.10% between F. cylindroides and

S. moorei to 44.10% between F. cylindroides and E. tonsillarum.
dDDH values between strain Marseille-P3110T and compared

species ranged from 20.20% with E. tonsillarum to 27.80% with
E. rhusiopathiae (Table 8).

Conclusion

Considering the specific phenotypic properties of strain Mar-
seille-P3110T, including its low matching MALDI-TOF MS
score, the 93.2% 16S rRNA similarity level with Dielma fastid-

iosa, and its genomic analysis, we propose the creation of a new
genus within the family Erysipelotrichaceae, named Traorella, with

Traorella massiliensis as type species and strain Marseille-P3110T

as type strain.

Description of Traorella gen. nov.

Traorella (tra.o.rel’la, N.L. fem. gen. n., Traorella, ‘of Traore,’ the

family name of Sory Ibrahima Traore, a Malian microbiologist,
for his contribution to the description of the human gut

microbiota). Bacteria belonging to this genus are strictly
anaerobic, non–spore forming, motile, Gram negative and rod

shaped. The type species is Traorella massiliensis.

Description of Traorella massiliensis sp. nov.

Traorella massiliensis (mas.si.li.en’sis, L. masc. adj., massiliensis, ‘of

Massilia,’ the Latin name of Marseille, where strain Marseille-
P3110T was isolated) is an anaerobic Gram-negative and motile
bacilli with a mean length of 2.8 μm and a mean diameter of

0.33 μm. Strain Marseille-P3110T forms regular white colonies
with a mean diameter of 1 mm. This bacterium is catalase and
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clavulanic acid, clindamycin, metronidazole, imipenem, tobra-

mycin, fosfomycin, erythromycin and amoxicillin but was
resistant to rifampicin, gentamicin, vancomycin, colistin,

trimethoprim/sulfamethoxazole, oxacillin and doxycycline.
The major cellular fatty acid was 9-octadecenoic acid. The

genome of strain Marseille-P3110T is 2 607 061 bp long with
35.99% G+C content. The 16S rRNA and genome sequences
are available in the European Bioinformatics Institute/European

Molecular Biology Laboratory (EBI/EMBL) database under
accession numbers LT615365 and FNLJ00000000, respectively.

The type strain Marseille-P3110T (= CSUR P3110 = DSM
103514) was isolated from the left colon cleansing of a 76-year-

old Frenchwoman.
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Genome sequence and description of Coprococcus phoceensis gen. nov., sp.
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Abstract

We report here the main characteristics of Coprococcus phoceensis strain Marseille-P3062T (CSUR P3062). The 16S rDNA sequencing and

matrix-assisted laser desorption/ionization time-of-flight mass spectrometry spectrum analysis were used to identify and characterize this

new anaerobic bacterial species, which was isolated from the left colon cleansing of a 25-year-old French man with Crohn’s disease.
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Introduction

In March 2016, as part of the culturomic study to assess the

microbial diversity of the human microbiota [1–3], we iso-
lated a new bacterial species from the left colon cleansing of a

25-year-old French man with Crohn’s disease. The strain
isolated here could not be identified by our systematic

matrix-assisted laser desorption/ionization time-of-flight
(MALDI-TOF) screening on a MicroFlex spectrometer
(Bruker Daltonics, Bremen, Germany) [4]. The spectra ob-

tained (Fig. 1) were imported and analysed using the BIOTYPER

3.0 software against the Bruker database that was continually

incremented with MEPHI database. The study was approved
by the Institut Fédératif de Recherche 48 (agreement number

09–022, Marseille, France) and the patient’s consent was
obtained.

Isolation and growth conditions

Strain Marseille-P3062T was first isolated after 7 days of in-

cubation on 5% sheep blood-enriched Columbia agar (bio-
Mérieux, Marcy l’Etoile, France) at 37°C in anaerobic
atmosphere (AnaeroGen Compact; Oxoid, Thermo Scientific,

Dardilly, France). Growth was not observed under micro-
aerophilic (campyGEN; Oxoid) and aerobic conditions. The

bacterial cells tolerated a pH of 5 to 8, with optimum growth
at pH 7, and an NaCl concentration <50 mg/L, with optimum

growth at 5 g/L. After 20 min of thermal shock at 80°C, this
bacterium was not spore-forming and no growth was

observed at 37°C on 5% sheep blood-enriched Columbia
agar. The electron microscopy then confirmed this negative
result.

Phenotypic characteristics

Agar-grown colonies were transparent and crater-shaped

with a mean diameter of 3 mm. Bacterial cells were Gram-
stain variable, arranged in small chains, rod-shaped, and
were 1.3–2.3 μm long and 0.5–0.7 μm wide (Fig. 2). Strain

Marseille-P3062T was catalase and oxidase negative. The main
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characteristics of the strain are summarized in Table 1. Using

an API ZYM strip, an API 20A strip and an API 50 CH strip,
positive enzymatic activities included, alkaline phosphatase,

N-acetyl-β-glucosaminidase, α-glucosidase, β-glucosidase,
acid phosphatase and naphthol-AS-BI-phosphohydrolase. No

activity was found for the following enzymes: valine aryla-
midase, α-fucosidase, β-galactosidase, esterase C4, esterase
lipase C8, protease, urease, leucine arylamidase, lipase C14,

cystine arylamidase, trypsin, β-glucuronidase, α-chymo-
trypsin, α-galactosidase and α-mannosidase. No acid pro-

duction was observed from D-glucose, D-lactose, D-sucrose,
D-maltose, salicin, D-xylose, L-arabinose, D-cellobiose, D-

mannose, D-raffinose, D-sorbitol, D-trehalose, D-mannitol, D-
xylose, L-arabinose, glycerol, D-melezitose and L-rhamnose.

Only one carbohydrate was metabolized: potassium 5-
ketogluconate, as revealed by an API 50 CH strip. The
other tested carbohydrates (D-melibiose, D-ribose, D-taga-

tose, glycerol, glycogen, D-arabinose, erythritol, L-xylose, D-
galactose, D-adonitol, methyl-β-D-xylopyranoside, D-glucose,

D-fructose, D-mannose, L-sorbose, dulcitol, L-rhamnose,
inositol, D-mannitol, D-sorbitol, methyl-α-D-glucopyranoside,

methyl-α-D-mannopyranoside, D-acetylglucosamine, esculin
ferric citrate, amygdalin, D-cellobiose, arbutin, salicin, D-

maltose, D-sucrose, D-lactose, D-raffinose, D-trehalose, inulin,
D-melezitose, starch, xylitol, gentiobiose, D-arabitol, L-

arabitol, D-lyxose, D-turanose, D-fucose, L-fucose, potassium

gluconate and potassium 2-ketogluconate) were not used.

Strain identification

After three failed identifications by our systematic MALDI-TOF

mass spectrometry (MS) screening on a Microflex spectrometer
(Bruker Daltonics) [5], the 16S rRNA gene was sequenced, using

universal primers FD1 and RP2 (Eurogentec, Angers, France) as
previously described [6,7], and a 3130-XL sequencer (Applied

Biosciences, Saint-Aubin, France). Strain Marseille-P3062T exhibi-
ted a 95.67% sequence identity with Coprococcus comes strain VPI

C1-38 (GenBank Accession number NR_044048.1) the phyloge-
netically closest species with standing in nomenclature (Fig. 3),

which putatively classifies it as a new species of the genus Cop-
rococcus in the order of Clostridiales within the Firmicutes phylum.

Genome sequencing

Genomic DNA was extracted using the EZ1 biorobot with the
EZ1 DNA tissue kit (Qiagen, Hilden, Germany) and then

sequenced on a MiSeq sequencer (Illumina Inc., San Diego, CA,
USA) with the Nextera Mate Pair sample prep kit and Nextera

FIG. 2. Scanning electron microscopy (SEM) of stained Coprococcus

phoceensis sp. nov. A colony was collected from agar and immersed into a

2.5% glutaraldehyde fixative solution. Then a drop of the suspension was

directly deposited on a poly-L-lysine-coated microscope slide for 5 min

and treatedwith 1% phosphotungstic acid aqueous solution (pH 2.0) for 2

min to increase SEM image contrast. The slidewas gentlywashed inwater;

air-dried and examined in a tabletop SEM (Hitachi TM4000) of approxi-

mately 60 cm in height and 33 cm in width to evaluate the bacterial

structure. Scales and acquisition settings are shown in the figures.

FIG. 1. Matrix-assisted laser desorption/ionization time-of-flight mass

spectrometry reference spectrum of Coprococcus phoceensis sp. nov.

The reference spectrum was generated by comparison of spectra from

12 individual colonies.
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TABLE 1. Description of Coprococcus phoceensis sp. nov., according to the digitized protologue TA00877 at the www.imedea.uib.es/

dprotologue website

Taxonumber TA00877
Date of the entry 2019-01-23
First submission date 2019-01-23
Draft number/Date 001
Version Submitted
Species name Coprococcus phoceensis
Genus name Coprococcus
Specific epithet phoceensis
Species status sp. nov.
Species etymology pho.ce.en.sis, L., neut., adj., phoceensis, based on the acronym

of the Phocean city where the type strain was first isolated
Submitter Bonnet Marion
E-mail of the submitter marioncg.bonnet@yahoo.fr
Designation of the type strain Strain Marseille-P3062
Strain collection numbers CSUR P3062 = DSM 103635
16S rRNA gene Accession number LT598553
Genome Accession number (EMBL) FNWC01000000
Genome status Draft
Genome size 3 601 259 bp
GC mol % 40.21
Data on the origin of the sample from which the strain was isolated
Country of origin France
Region of origin Marseille
Date of isolation 2016-03
Source of isolation Human left colon cleansing sample
Sampling date 2016-03
Growth medium, incubation conditions (temperature, pH and

further information) used for standard cultivation
Columbia agar supplemented with 5% sheep blood, 37°C for 48 h of incubation

Gram stain Variable
Cell shape Small chain rod
Cell size (length or diameter) 1.3–2.3 × 0.5–0.7 (μm)
Motility Non-motile
Colony morphology Transparent and crater-shaped
Temperature range 37°C
Lowest temperature for growth 28°C
Highest temperature for growth 37°C
Temperature optimum 37°C
Lowest pH for growth 5
Highest pH for growth 8
Relationship to O2 Anaerobe
O2 conditions for strain testing Aerobiosis, anaerobiosis, microaerophilic
Oxidase Negative
Catalase Negative

FIG. 3. Phylogenetic tree showing the po-

sition of Coprococcus phoceensis strain Mar-

seille-P3062T relative to other

phylogenetically close neighbours. Se-

quences were aligned using MUSCLE, and

phylogenetic inferences were obtained using

the maximum-likelihood method within the

MEGA software. Numbers at the nodes are

percentages of bootstrap values obtained by

repeating the analysis 100 times to generate

a majority consensus tree. Only the boot-

strap scores of at least 70% were retained.

The scale bar indicates a 2% nucleotide

sequence divergence.
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XT Paired End (Illumina Inc.), as previously described [8]. The
assembly was performed using a pipeline containing several

software (Velvet [9], Spades [10] and Soap Denovo [11]), on
trimmed data (MISEQ and TRIMMOMATIC [12] software) or un-

trimmed data (only MISEQ software). GAPCLOSER was used to
reduce assembly gaps. Scaffolds <800 bp and scaffolds with a

depth value <25% of the mean depth were removed. The best
assembly was selected by using different criteria (number of

scaffolds, N50, number of N). The genome of strain Marseille-
P3062T was 3 601 259 bp long with 40.21% G+C content. The

degree of genomic similarity of strain Marseille-P3062T with
closely related species was estimated using the ORTHOANI
software [13]. ORTHOANI values among closely related species

(Fig. 4) ranged from 66.54% between Blautia producta and Eu-
bacterium oxidoreducens to 75.9% between Eubacterium con-

tortum and Faecalicatena orotica. When Coprococcus phoceensis
was compared with these closely related species, values ranged

from 67.58% with E. oxidoreducens to 70.52% with F. orotica.

Conclusion

As the sequence identity with the phylogenetically closest

validated species was <98.7%, which is the threshold recom-
mended to define a species according to the nomenclature

[5,14], we propose the strain Marseille-P3062T as a represen-
tative of a new species within the genus Coprococcus. Conse-

quently, we suggest the creation of the new species named
“Coprococcus phoceensis” sp. nov., strain Marseille-P3062T

(pho.ce.en.sis, L., neut., adj., phoceensis, based on the acronym
of the Phocean city where the type strain was first isolated).

Nucleotide sequence Accession number

The 16S rRNA gene sequence was deposited in GenBank under

Accession number LT598553.

Deposit in a culture collection

Strain Marseille-P3062T was deposited in the Collection de

Souches de l’Unité des Rickettsies (CSUR, WDCM 875) under
number P3062.

MALDI-TOF-MS spectrum

The MALDI-TOF-MS spectrum of ‘Coprococcus phoceensis’
Marseille-P3062 T is available online at: http://backup.mediterranee-

infection.com/article.php?larub=280&titre=urms-database.

FIG. 4. Heatmap generated with

ORTHOANI values calculated using the OAT

software between Coprococcus phoceensis sp.

nov., and other closely related species with

standing in nomenclature.
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a b s t r a c t

We report here the main characteristics of ‘‘Veillonella massiliensis” strain Marseille-P3594T (CSUR
P3594T) that was isolated from two human colostrum samples from two different mothers.
� 2017 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).

In 2016, during an exploratory study of human breast milk by
culturomics [1], two anaerobic isolates were isolated from the milk
sampled from two French primigravida women, and a new species
is proposed to introduce the strain as member of the genus
Veillonella.

These bacterial strains could not be identified by our systematic
matrix-assisted laser desorption-ionization time-of-flight screen-
ing on a Microflex spectrometer (Bruker Daltonics, Brenen, Ger-
many) but both matched perfectly using this technique. Only the
strain isolated first was described here. The patients gave a signed
and informed consent and the study was validated by the ethics
committee of the Institut Federatif de Recherche IFR48 under num-
ber 2016-004. The initial growth was obtained after three days of
culture in a blood culture bottle supplemented with 5% of sheep
blood and 5% of rumen fluid in anaerobic conditions. Agar-grown
colonies were translucent with a mean diameter inferior to
0.5 mm. Bacterial cells were Gram-negative, coccoid, ranging in
diameter from 1.5 to 3.9 mm with a mean of 2.4 mm. Strain
Marseille-P3594T was catalase-negative and oxidase-negative.
The 16S rRNA gene was sequenced using fD1-rP2 primers as

previously described and a 3130-XL sequencer (Applied Bio-
sciences, Saint Aubin, France). Strain Marseille-P3594T exhibited
a 96.7% sequence similarity with Veillonella ratti strain JCM 6512T,
the phylogenetically closest species with standing in nomenclature
(Fig. 1), which putatively classifies it as a member of the genus Veil-
lonella within the family Veillonellaceae in the Firmicutes phylum.
Species of the genus Veillonella are anaerobic, Gram-negative cocci
and known for their ability to ferment lactate into propionate and
acetate [2]. They are found in the mouth, the upper respiratory
tract, the intestine, and the vagina as normal flora and are fre-
quently isolated from human breast milk [3]. Accordingly, Veil-
lonella species may be important for the development of the
healthy mature anaerobic gut microbiota [4,5]. The species Veil-
lonella parvula is often implicated in infectious endocarditis and
osteomyelitis in humans. Strain Marseille-P3594T exhibited a 16S
rRNA sequence divergence >1.3% (3.3%) with its phylogenetically
closest species with standing in nomenclature, thus we propose
the creation of the new Veillonella species named V. massiliensis
(mas.si.li.en’sis. L. fem. adj. massiliensis, of Massilia, the Latin name
of Marseilles, where the strain was isolated). Strain Marseille-
P3594T is the type strain of the Veillonella massiliensis sp nov.

Nucleotide sequence accession number

The 16S r RNA gene sequence was deposited in Genbank under
Accession number LT714171.

http://dx.doi.org/10.1016/j.humic.2017.05.003
2452-2317/� 2017 Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author at: URMITE, Aix Marseille Université, UM63, CNRS 7278,
IRD 198, INSERM 1095, IHU – Méditerranée Infection, 19-21 Boulevard Jean Moulin,
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Deposit in a culture Collection

Strain Marseille-P3594T was deposited in the Collection de
Souches de l’Unité des Rickettsies (CSUR) under number P3594T.
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Résumé : 

 

Du fait de l’explosion du nombre de nouvelles espèces bactériennes découvertes dans notre 

laboratoire grâce à la technique de culturomics, qui consiste à utiliser un très grand nombre de milieux de 

culture et de conditions de culture afin d’étendre le répertoire des bactéries, la culture bactérienne a connu 

un nouvel essor depuis plusieurs années. En effet, suite à la découverte des techniques moléculaires, la 

culture a été considérée comme dépassée par un grand nombre de microbiologistes. Cependant, de 

précédentes études ont depuis mis en évidence que les techniques moléculaires et la culture bactérienne 

sont complémentaires. 

Le développement de nouveaux milieux et de nouvelles techniques de culture est primordial car 

cela permettra d’optimiser la croissance de certaines bactéries ou encore d’isoler des bactéries fastidieuses 

à cultiver. Pour cela, la connaissance de l’environnement naturel de la bactérie et de ses besoins nutritifs 

apparait fondamentale pour isoler les bactéries et éviter ainsi qu’elles ne demeurent dans la catégorie des 

bactéries « incultivées ». De plus, il est également nécessaire de développer des milieux sélectifs afin 

d’isoler spécifiquement des bactéries. En effet, certaines bactéries ont une grande importance en santé 

humaine et notamment dans l’induction de la réponse aux traitements de certaines maladies, en particulier 

les anti-cancéreux. Mettre rapidement en évidence ces bactéries dans le microbiote des malades amenés à 

recevoir ces traitements pourra permettre un gain de temps dans la prise en charge de leur maladie. De plus, 

arriver à cultiver dans un même milieu les bactéries anaérobies et aérobies en conditions d’aérobiose 

permettrait également une plus grande rapidité dans le rendu des résultats et le traitement des patients en 

cas d’infection.  

Ce travail de thèse a été divisé en quatre objectifs : 1) établir les éléments essentiels à l’élaboration 

d’un milieu de culture et à la croissance des bactéries, 2) mettre au point un milieu de culture qui permette 

l’isolement de la bactérie Enterococcus hirae, du fait de son importance dans l’induction de la réponse au 

traitement par cyclophosphamide, 3) optimiser un milieu de culture qui permette à la fois la croissance des 

bactéries anaérobies et aérobies en conditions d’aérobiose, 4) Développer une technique qui permette 

d’hydrater en continu la gélose lors de son incubation prolongée à l’étuve dans le cas des bactéries à 

croissance lente par exemple. 

 

Mots clés : Milieu de culture, Enterococcus hirae, Bactéries anaérobies, Déshydratation 

 

 

Abstract : 

 

Due to the explosion in the number of new bacterial species discovered in our laboratory thanks to 

the culturomics technique, which consists in using a very large number of culture media and culture 

conditions to extend the repertoire of bacteria, bacterial culture has experienced a new boom in recent 

years. Indeed, following the discovery of molecular techniques, the culture was considered outdated by a 

large number of microbiologists. However, previous studies have since shown that molecular techniques 

and bacterial culture are complementary. 

The development of new culture media and new culture techniques is essential because it will 

optimize the growth of certain bacteria or isolate fastidious bacteria to be cultivated. For this reason, 

knowledge of the bacterium's natural environment and its nutritional needs appears fundamental because 

otherwise the bacteria will not be isolated and will remain in the category of "uncultivated" bacteria. In 

addition, it is also necessary to develop selective media in order to specifically isolate bacteria. Indeed, 

certain bacteria have a great importance in human health and in particular in the induction of the response 

to the treatment of certain diseases, in particular anti-cancer treatments. Rapid detection of these bacteria in 

the microbiota of patients receiving these treatments could save time in the management of their disease. In 

addition, the ability to culture anaerobic and aerobic bacteria in the same medium under aerobic conditions 

would also allow for faster results and treatment of patients in the event of infection.  

This thesis work has been divided into four objectives: 1) establish the essential elements for the 

development of a culture medium and the growth of bacteria, 2) develop a culture medium that allows the 

isolation of Enterococcus hirae bacteria because of its importance in inducing response to 

cyclophosphamide treatment, 3) optimize a culture medium that allows both anaerobic and aerobic bacteria 

to grow under aerobic conditions, 4) Develop a technique that continuously hydrates the agar during its 

prolonged incubation in the oven in the case of slow-growing bacteria, for example. 

 

Keywords: Culture medium, Enterococcus hirae, Anaerobic bacteria, Dehydration 
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