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Method of lyophilization of a sample of faecal microbiota

[0001] The present invention relates to a method of lyophilization of a sample of faecal
microbiota. The invention also relates to the use of the obtained lyophilizate in the transplantation
of faecal microbiota, preferably for treating intestinal dysbioses, in particular Clostridium difficile
infections.

[0002] The human intestinal microbiota is the community of micro-organisms (bacteria, yeasts
and fungi) which are found in the human gastro-intestinal system (stomach, bowel and colon).
The microbial diversity is currently estimated at approximately 103 bacterial species composing
the dominant intestinal microbiota of an adult individual, with an abundance of 10'* bacteria,
representing a dominant bacterial metagenome of 200,000 to 800,000 genes in each individual,
i.e. 10 to 50 times the number of genes in the human genome.

[0003] The bowel, which is sterile in utero, is colonized from the first days of life until it
evolves into a unique individual microbiota. Each person has bacteria that are relatively close in
terms of species, but the exact composition of their microbiota (species, proportions) is in large
part (more than % of the species) specific to the host.

[0004] Thus, the human intestinal microbiota is an ecosystem that is very diversified, complex
and specific to each individual.

[0005] It is essential for the health of a individual to maintain a stable microbiota which is both
capable of returning to its initial state after a change and is resistant to invasion. The maintenance
of a wide diversity of the microbiota promotes its stability. However, certain pathologies or
treatments disturb the balance of the microbiota: antibiotics for example, as well as the diseases
with an inflammatory component, such as chronic inflammatory bowel diseases (CIBD), can limit
the diversity of the microbiota in the bowel.

[0006] Antibiotic (or antibiotherapy) treatments in particular, result in a degrading of the
microbiota and a loss of its barrier functions, which can promote the proliferation of pathogenic
organisms such as Clostridium difficile.

[0007]  Clostridium difficile infections are responsible for nosocomial diarrhoeas; this
bacterium can present resistances to conventional antibiotherapy (broad-spectrum, such as
vancomycin or metronidazole). In order to re-establish the intestinal microbiota, and fight
infections of Clostridium difficile type, and thus re-establish homeostasis (i.e. symbiosis), the
transplantation of faecal microbiota is envisaged and tested. It consists of the introduction of
faeces from a healthy donor subject into the alimentary canal of a receiving patient, in order to
rebalance the degraded intestinal microbiota of the host. This transplantation of faecal microbiota
is in general allogenic (i.e. from a healthy donor individual to a patient). The results obtained on

infections of Clostridium difficile type are encouraging, and some patients have been treated with



10

15

20

25

30

NO/EP3389679

success (Tauxe et al, Lab Medicine, Winter 2015, volume 46, Number 1 or van Nood E, Speelman
P, Nieuwdorp M, Keller J. 2014 Faecal microbiota transplantation: facts and controversies. Curr
Opin Gastroenterol 30(1):34-9).

[0008] However, the actual transplantation method is empirical and takes no particular
precaution for best preserving the viability of the anaerobic bacteria that are the majority
components of the intestinal microbiota. Moreover, the efficacy of the transplantation of faecal
microbiota is variable, and can require more than one treatment.

[0009] Therefore a need exists to have available samples of faecal microbiota that are safe,
effective and easy to obtain, in particular on an industrial scale. Moreover, a need exists for
samples of faecal microbiota in which the viability of the bacteria is preserved, and having a long
shelf life.

[0010] The present invention makes it possible to respond to these needs.

[0011] The present invention therefore relates to a method of preparing a lyophilizate of faecal
microbiota from a donor subject, comprising the following steps:

A) mixing a sample of faecal microbiota from a donor subject with a diluent, which is a
saline aqueous solution comprising (i) at least a cryoprotectant chosen from polyols, di- to
pentasaccharides, or mixtures thereof, and (ii) maltodextrins and

B) freezing the mixture obtained in A) at a temperature less than -50°C, preferably comprised
between -70°C and -100°C, then lyophilizing it.

[0012] In another embodiment which can be combined with the preceding embodiment, the
diluent is a saline aqueous solution comprising at least galactose-lactose or trehalose as
cryoprotectant.

[0013] Inanother embodiment which can be combined with one of the preceding embodiments,
the diluent is a saline aqueous solution comprising at least a mixture of maltodextrins as bulking
agent, preferably in an amount comprised between 4 and 20% relative to the total volume of the
solution.

[0014] In another embodiment which can be combined with one of the preceding embodiments,
the total amount of cryoprotectant in the saline aqueous solution is comprised between 3 and 30%
by weight relative to the total volume of the solution, preferably between 4 and 20% by weight
relative to the total volume of the solution.

[0015] Preferably, the sample of faecal microbiota used in step A) is purified beforehand.
[0016] Preferably, the present invention relates to a method of preparing a lyophilizate of faecal

microbiota from a donor subject, comprising the following steps:
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Al) optionally, preparing a continuous gradient of iodixanol or 5- (N-2, 3-
dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide
formed by freeze-thaw,
A2) mixing at least one sample of faccal microbiota from a donor subject with a saline buffer
optionally comprising iodixanol or 5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N,
N'-bis (2, 3 dihydroxypropyl) isophthalamide, under anaerobiosis,
A3) optionally, forming a deposit of the mixture obtained in A2) under the gradient obtained
in Al),
A4) sequentially centrifuging at low acceleration under anaerobiosis, or ultracentrifuging the
mixture obtained in A2) or A3),
AS5) recovering the bacterial ring or the supernatant formed on finishing step A4), under
anaerobiosis,
A6) mixing the bacterial ring or the supernatant recovered in A5) with a diluent , which
is a saline aqueous solution comprising (i) at least a cryoprotectant chosen from
polyols, di- to pentasaccharides, or mixtures thereof, and (ii) maltodextrins, and
B) freezing the mixture obtained in A6) at a temperature less than -50°C, preferably comprised
between -70°C and -100°C, then lyophilizing it.
[0017] In such a method, step A1), as well as de facto step A3), are optional.
[0018] Such a method is in fact easy to implement, and its effectiveness can be estimated by
comparing the microbial population obtained after the method, compared to the initial sample.
[0019] The present invention also relates to the use of a lyophilizate of faecal microbiota
obtainable by the method according to the invention, as a research tool in functional genomics,
metaproteomics or immunology.
[0020] For example, the lyophilizate obtainable by the method according to the invention can
be used for generating bacterial pellets which, when immobilised in matrices of agarose (or other
gels), allow the extraction of DNA fragments of very large size, used for cloning and functional
studies. It can also be used for preparing extracts of cytosolic proteins or envelope proteins of
bacterial communities with a view to metaproteomic analyses. Finally, it can be used for studying
the recognition of intact bacteria by the immune system of the host.
[0021] The present invention also relates to the use of a lyophilizate of faecal microbiota from
a donor subject obtainable by the method according to the invention, in the autologous or
allogenic transplantation of faecal microbiota.
[0022] The present invention also relates to the use of a lyophilizate of faecal microbiota from
a donor subject obtainable by the method according to the invention, for treating intestinal

dysbioses, due to infections and in particular Clostridium difficile infections, dysbioses induced
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by drug treatments, by physical treatments (in particular radiation), by surgical operations (in
particular bowel), by colonoscopies or by nutritional intakes. The present invention also relates
to the use of a lyophilizate of faecal microbiota from a donor subject obtainable by the method
according to the invention, for treating a pathology chosen from the chronic inflammatory bowel
diseases (CIBD), functional bowel disorders, obesity, metabolic diseases (in particular type 2
diabetes, metabolic syndrome) and auto-immune diseases (in particular type 1 diabetes), allergies,
hepatic diseases (in particular steatosis, cirrhosis), certain neurological diseases (in particular
autism) and certain cancers (in particular colorectal cancer).
[0023] By intestinal dysbiosis, is meant any sustained imbalance of the intestinal microbiota.
By sustained imbalance of the intestinal microbiota, is meant any loss of beneficial micro-
organisms, and/or any loss of diversity of micro-organisms, and/or any expansion or development
of aggressive micro-organisms among the commensals (pathobionts), and/or any proliferation of
pathogenic micro-organisms (in particular C. difficile). Any sustained degradation of the human
intestinal microbiota can in fact engender or accompany in a chronic fashion a pathological state.
In particular, reduction in the diversity within the microbiota is characteristic of diseases
associated with a dysbiosis (in particular obesity, Crohn's disease, diabetes or allergy) (Sansonetti,
College de France, 22 January 2014).
[0024] Preferably, the pathology to be treated is an intestinal dysbiosis.
[0025] By chronic inflammatory bowel diseases (CIBD), is meant in particular Crohn's disease,
ulcerative colitis.
[0026] By functional bowel disorders, is meant in particular irritable bowel syndrome,
spasmodic colitis.
[0027] The method of preparing a lyophilizate of faecal microbiota from a donor subject
according to the invention thus comprises the following steps:
A)  mixing a sample of faecal microbiota from a donor subject with a diluent, which
is a saline aqueous solution comprising (i) at least a cryoprotectant chosen from
polyols, di- to pentasaccharides, or mixtures thereof, and (i1) maltodextrins and
B) freezing the mixture obtained in A) at a temperature less than -50°C, preferably
comprised between -70°C and -100°C, then lyophilizing it.
[0028] Preferably, the sample of faccal microbiota from the donor subject is a sample of faeces
from said donor. In fact, the sample of faeces contains the faecal microbiota of the donor subject.
Preferably according to the invention, the donor subject is a healthy human subject. By "healthy"
subject, is meant a subject not suffering from an imbalance in the intestinal microbiota or from a

pathology diagnosed/recognised by the medical profession. Preferably, the sample of faecal
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microbiota from the donor subject is purified beforehand. Alternatively, preferably according to
the invention, the donor subject is an unwell human subject.
[0029] Preferably, the sample of faeces has a mass of at least 20 g. The sample of faecal
microbiota is always obtained and mixed under anaerobiosis (i.e. under an atmosphere devoid of
oxygen). Under anaerobiosis, the viability of the constitutive bacteria of the faecal microbiota and
present in the sample is therefore preserved.
[0030] Preferably, prior to its use, the sample of faecal microbiota is filtered under
anaerobiosis. The prior filtration step can comprise, under anaerobiosis, filtration using a Seward
bag provided with a filter.
[0031] Preferably, the sample of faecal microbiota is taken under anaerobiosis, using an
air-tight collection device. Preferably, this device is in a form of the type comprising:
- acontainer comprising a body which comprises an internal space capable of receiving the
sample of faecal microbiota from the donor subject, and a neck which delimits an opening for
access to the internal space of the body, and
- a cover capable of being mounted in a removable and air-tight manner on the neck of the
container so as to seal the access opening of the neck and to close the internal space of the
body,
in which the body of the container is constituted by a flexible pouch, and in which at least one
from the container and the cover is provided with an evacuation member capable of evacuating
at least a part of the gasses contained in the internal space of the body of the container.
[0032] Alternatively, the air-tight collection device is presented in a form of the type
comprising:
- a container comprising a body which comprises a internal space capable of receiving the
sample of faecal microbiota from the donor subject, and a neck which delimits an opening for
access to the internal space of the body, and
- a cover capable of being mounted in a removable and air-tight manner on the neck of the
container so as to seal the access opening of the neck and to close the internal space of the
body,
in which the internal space of the body of the container optionally comprises a chemical device
neutralizing oxygen.
[0033] The diluent can be chosen from the following compounds:
- cryoprotectants such as di- to pentasaccharides, ie. disaccharides, trisaccharides,
quadrisaccharides and pentasaccharides; or polyols, such as glycerol, mannitol, sorbitol,

propylene glycol or ethylene glycol,
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- bulking agents, such as the partial hydrolysates of starch, in particular of wheat or of maize,

or of fecula, comprising a large amount of maltodextrins,

- and mixtures thereof.
[0034] Preferably, the diluent is a saline aqueous solution comprising at least a cryoprotectant
and/or a bulking agent. Thus, typically, the saline aqueous solution comprises water and
physiologically acceptable salts. Typically, the salts are calcium, sodium, potassium or
magnesium salts, with chloride, gluconate, acetate or hydrogen carbonate ions.
[0035] The saline aqueous solution can also optionally comprise at least one antioxidant. The
antioxidant is in particular chosen from ascorbic acid and its salts (ascorbate), tocopherols (in
particular a-tocopherol), cysteine and its salified forms (in particular hydrochloride) and mixtures
thereof.
[0036] Preferably, the saline aqueous solution comprises:

- at least one salt chosen from sodium chloride, calcium chloride, magnesium

chloride, potassium chloride, sodium gluconate and sodium acetate, and

- optionally at least one antioxidant, preferably chosen from sodium L-ascorbate,

tocopherols, L-cysteine hydrochloride monohydrate and mixtures thereof.
[0037] Typically, the salt is present in the saline aqueous solution at a concentration comprised
between 5 and 20 g/L, preferably between 7 and 10 g/L.
[0038] Typically, the antioxidant is present in the saline aqueous solution in an amount
comprised between 0.3 and 1% by weight relative to the total volume of solution, preferably in
an amount comprised between 0.4 and 0.6% by weight relative to the total volume of solution.
Preferably, when the antioxidant is a mixture of sodium L-ascorbate and L-cysteine hydrochloride
monohydrate, the sodium L-ascorbate is present in an amount comprised between 0.4 and 0.6%
by weight relative to the total volume of solution, and the L-cysteine hydrochloride monohydrate
is present in an amount comprised between 0.01 and 0.1% by weight relative to the total volume
of solution.
[0039] The saline aqueous solution comprises at least one cryoprotectant. A cryoprotectant is
a substance used for protecting the sample from the damage caused by freezing, in particular due
to the formation of ice crystals.
[0040] Preferably, the cryoprotectant is chosen from polyols, di- to pentasaccharides (i.e.
disaccharides, trisaccharides, quadrisaccharides and pentasaccharides), and mixtures thereof.
Preferably, the cryoprotectant is chosen from polyols, tri- and disaccharides and mixtures thereof.
More preferentially, the cryoprotectant present in the saline aqueous solution is a disaccharide or

a trisaccharide.



10

15

20

25

30

35

NO/EP3389679

[0041] Among the polyols that can be used, in particular glycerol, mannitol, sorbitol, but also
propylene glycol or ethylene glycol may be mentioned.
[0042] Among the di- to pentasaccharides that can be used, dimers, trimers, quadrimers and
pentamers of identical or different units may be mentioned, said units being chosen from glucose,
fructose, galactose, fucose and N-acetylneuraminic acid.
[0043] Among the disaccharides that can be used, trehalose or one of its analogues, or
saccharose may in particular be mentioned.
[0044] These cryoprotectants can be used alone or in a mixture.
[0045] Typically, the total amount of cryoprotectant present in the saline aqueous solution is
comprised between 3 and 30% by weight relative to the total volume of solution, preferably
between 4% and 20% by weight relative to the total volume of solution.
[0046] Preferably, the cryoprotectant is chosen from glycerol, mannitol, sorbitol, propylene
glycol, ethylene glycol, trehalose and its analogues, saccharose, galactose-lactose and mixtures
thereof. More preferentially, the cryoprotectant is galactose-lactose or trehalose.
[0047] The saline aqueous solution according to the invention comprises at least one bulking
agent.
[0048] The bulking agent is preferably chosen from the partial hydrolysates of starch or of
fecula. The partial hydrolysates of starch, in particular of wheat or of maize, as well as the partial
hydrolysates of fecula, for example of potato, comprise a large amount of maltodextrins. The
maltodextrins are the result of the partial hydrolysis of starch or of fecula, and are constituted by
different sugars (glucose, maltose, maltotriose, oligo- and polysaccharides), the proportions of
which vary depending on the degree of hydrolysis.
[0049] Preferably, the bulking agent present in the saline aqueous solution is a mixture of
maltodextrins, in which the amount of maltodextrins is comprised between 4 and 20% by weight
relative to the total volume of solution.
[0050] Preferably, step A) is carried out by mixing the sample of faecal microbiota with the
diluent, in a weight ratio of microbiota, preferably purified (g)/volume of diluent (mL) comprised
between 1:1 and 1:10.
[0051] Then the mixture obtained in A) is frozen at a temperature less than -50°C, preferably
comprised between -70°C and -100°C, then subjected to lyophilization: this is step B). It is
preferably carried out under the following conditions:

B1) freezing the mixture obtained in A) at a temperature less than -50°C, preferably comprised

between -70°C and -100°C, preferably at a temperature of approximately -80°C,

B2) loading the frozen mixture obtained in B1) into a freeze-drier lyophilizer pre-cooled to a

temperature comprised between -50°C and -30°C, at atmospheric pressure, then
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B3) at least one step of primary drying of the mixture loaded at B2) comprising lowering the
pressure to a value comprised between 80 and 200 pbar (preferentially between 100 and 150
pbar) then increasing the temperature of the shelves to a value comprised between -20°C and
+25°C (preferentially -10°C) while applying a heating rate comprised between 0.2 and
0.5°C/min. The pressure and temperature values of the shelves are chosen so that that the
temperature of the product is maintained below the collapse temperature throughout the
sublimation. The parameters are kept constant until the complete elimination of ice from the
mixture, then
B4) secondary drying of the mixture obtained at B3) comprising lowering the pressure to a
value less than or equal to 80 ubar, preferably the lowest value possible for the equipment,
and raising the temperature of the shelves to a value comprised between +25°C and +35°C,
preferentially 25°C at a heating rate comprised between 0.1 and 0.3°C/min, and maintaining
it there for between 8 and 15 hours.
[0052] Preferably, the freezing of step B1) is carried out at a temperature less than -50°C,
preferably comprised between -70°C and -100°C. Preferably, the freezing temperature is
comprised between -70°C and -100°C; more preferentially it is approximately -80°C or
approximately -100°C. In order to be frozen, the mixture obtained in A) can be aliquoted
beforehand, in order to ensure specimens of constant volume.
[0053] The frozen sample is thus loaded into a freeze-drier lyophilizer pre-cooled to a
temperature comprised between -50°C and -30°C, at atmospheric pressure; this is step B2).
[0054] Then, the primary drying of the mixture loaded at B2) takes place; this is step B3). It
comprises at least one step of primary drying of the mixture loaded at B2) comprising lowering
the pressure to a value comprised between 80 and 200 pbar (preferentially between 100 and 150
pbar) then increasing the temperature of the shelves to a value comprised between -20°C and
+25°C (preferentially -10°C) while applying a heating rate comprised between 0.2 and 0.5°C/min.
The pressure and temperature values of the shelves are chosen in such a way that the temperature
of the product is maintained below the collapse temperature throughout sublimation. The
parameters are kept constant until the complete elimination of ice from the mixture.
[0055] Finally, B4) the secondary drying of the mixture obtained at B3) is carried out. It
comprises lowering the pressure to a value less than or equal to 80 pbar, preferably the lowest
value possible for the equipment, and raising the temperature of the shelves to a value comprised
between +25°C and +35°C, preferentially 25°C at a heating rate comprised between 0.1 and
0.3°C/min, and maintaining it there for between 8 and 15 hours.

[0056] Finally, a lyophilizate according to the invention is obtained in this way.
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[0057] Preferably, the method according to the invention comprises, in step A), prior steps of
treating the sample of faecal microbiota, before mixing it with the diluent.
[0058] Thus, preferably, step A) comprises the following sub-steps:
Al) optionally, preparing a continuous gradient of iodixanol or 5- (N-2, 3-
dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide
formed by freeze-thaw,
A2) mixing at least one sample of faccal microbiota from a donor subject with a saline buffer
optionally comprising iodixanol or 5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N,
N'-bis (2, 3 dihydroxypropyl) isophthalamide, under anaerobiosis,
A3) optionally, forming a deposit of the mixture obtained in A2) under the gradient obtained
in Al),
A4) sequentially centrifuging at low acceleration under anaerobiosis, or ultracentrifuging the
mixture obtained in A2) or A3),
AS5) recovering the bacterial ring or the supernatant formed on finishing step A4), under
anaerobiosis, and
A6) mixing the bacterial ring or the supernatant recovered in AS5) with a diluent, which is a
saline aqueous solution comprising (i) at least a cryoprotectant chosen from polyols, di- to
pentasaccharides, or mixtures thereof, and (ii) maltodextrins.
[0059] In such method, step A1), as well as de facto step A3), are optional.
[0060] Preferably, the saline buffer used in the different sub-steps described above is an
aqueous solution of HEPES comprising sodium chloride, preferably at a concentration comprised
between 7 and 15 g/1. Preferably, the HEPES is present at a concentration comprised between 8
and 50 mM, preferably between 9 and 42 mM.
First alternative
[0061] Preferably, according to a first alternative, the method according to the invention
comprises the following steps:
A1) preparing a continuous gradient of iodixanol or of 5- (N-2, 3-dihydroxypropylacetamido)-
2,4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide formed by freeze-thaw,
A2) mixing at least one sample of faecal microbiota from a donor subject with a saline buffer
added to an aqueous solution comprising iodixanol or 5- (N-2, 3-dihydroxypropylacetamido)-
2, 4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide, said saline buffer being
preferably an aqueous solution of HEPES comprising sodium chloride, under anaerobiosis,

A3) forming a deposit of the mixture obtained in A2) under the gradient obtained in A1),
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A4) ultracentrifuging the mixture obtained in A3), for a time comprised between 40 and 50
minutes, at a temperature comprised between 2°C and 6°C, at an acceleration comprised
between 13000 and 16000 x g,
AS) recovering the bacterial ring formed on finishing step A4), under anaerobiosis,
A6) mixing the bacterial ring recovered in A5) with a diluent, which is a saline aqueous
solution comprising (i) at least a cryoprotectant chosen from polyols, di- to
pentasaccharides, or mixtures thereof, and (i1) maltodextrins, and
B) freezing the mixture obtained in A6) at a temperature less than -50°C, preferably comprised
between -70°C and -100°C, then lyophilizing it.
[0062] Step Al) thus comprises preparing a continuous gradient of iodixanol or 5- (N-2, 3-
dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide
formed by freeze-thaw.
[0063] By continuous gradient of iodixanol, is meant a continuous gradient of iodixanol with a
density ranging from 1.03 to 1.24, preferably ranging from 1.06 to 1.24.
[0064] By continuous gradient of 5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-
bis (2, 3 dihydroxypropyl) isophthalamide, is meant a continuous gradient of 5- (N-2, 3-
dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide with
a density ranging from 1.03 to 1.22.
[0065] Preferably, this step A1) is carried out according to the following steps:
Al.a) freezing a solution of iodixanol or 5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-tri-
iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide at a temperature comprised between -
70°C and -100°C for at least 12 hours. Preferably, said solution is degassed. By degassed
solution of iodixanol or 5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3
dihydroxypropyl) isophthalamide, is meant a solution of iodixanol or 5- (N-2, 3-
dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide
in which the concentration of dissolved air is reduced, for example under vacuum. This makes
it possible to create a micro-anaerobiosis favourable to the survival of the bacteria during the
purification method; then
Al.b) thawing the solution obtained in Al.a) at ambient temperature for 2 to 4 hours, in order
to obtain a continuous gradient of iodixanol or 5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-
tri-iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide.
[0066] Preferably, the solution of iodixanol used in step Al) is a solution having a
concentration comprised between 15 and 25%, preferentially around 20%, by weight of iodixanol
by volume of solution (w/v). More preferentially, the solution of iodixanol used is obtained by

diluting a commercial 60% aqueous solution of iodixanol, marketed under the name OptiPrep
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(sterile 60% w/v solution of iodixanol in water), 3 times in a saline buffer, preferentially a buffer
comprising 15 mM HEPES and 9 g/L of NaCl having a pH of 7.0.

[0067] Preferably, the solution of 5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-
bis (2, 3 dihydroxypropyl) isophthalamide is a solution comprising 20% by weight of 5- (N-2, 3-
dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide by
volume of solution (w/v). More preferentially, the 5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-
tri-iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide used is marketed by Progen Biotechnik
under the name Nycodenz.

[0068] Preferably, in step Al.a), freezing the solution of iodixanol or of 5- (N-2, 3-
dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide can
be carried out for several days, or even 1 month.

[0069] Once the continuous gradient of iodixanol or of 5- (N-2, 3-dihydroxypropylacetamido)-
2, 4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide has been obtained at step Al),
the subsequent steps A2), A4) and AS5) are carried out under anaerobiosis.

[0070] Step A2) comprises mixing at least one sample of faecal microbiota from a donor subject
with a saline buffer added to an aqueous solution comprising iodixanol or 5- (N-2, 3-
dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide,
under anaerobiosis. Preferably, said saline buffer is an aqueous solution of HEPES comprising
sodium chloride. Preferably, the HEPES is present at a concentration comprised between 30 and
50 mM in the saline buffer. Preferably, sodium chloride is present at a concentration comprised
between 7 and 15 g/l in the saline buffer. Preferably, the aqueous solution of iodixanol is at a
concentration comprised between 50% and 70%, preferably at approximately 60% (w/v).
Preferably, the saline buffer:aqueous solution of iodixanol ratio is approximately 1:3.

[0071] Preferably, the aqueous solution of 5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-tri-
iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide is at a concentration of 60% (W/v).
Preferably, the saline buffer:aqueous solution of 5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-
tri-iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide ratio is approximately 1:3.

[0072] Thus, according to step A2), the saline buffer is mixed beforehand with an aqueous
solution of iodixanol or of 5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3
dihydroxypropyl) isophthalamide; in this way a saline buffer is obtained comprising iodixanol or
5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl)
isophthalamide. Then the resulting mixture is mixed with the sample of faecal microbiota.
[0073] Preferably, mixing the sample of faecal microbiota with a saline buffer comprising
iodixanol or 5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3
dihydroxypropyl) isophthalamide is carried out in a ratio of 3 to 4 grams of sample to 22 to 30 ml
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of saline buffer comprising iodixanol or 5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-tri-iodo-
N, N'-bis (2, 3 dihydroxypropyl) isophthalamide.

[0074] Preferably, when the sample of faecal microbiota is filtered between steps A2) and A3),
it is subjected to a step of filtering the mixture obtained in A2) under anaerobiosis, in particular
by using a Seward bag provided with a filter.

[0075] Then, the mixture obtained in A2), optionally filtered, is deposited under the gradient
obtained in Al): this is step A3). Step A3) can be carried out under aerobiosis or under
anaerobiosis.

[0076] Preferably, the mixture obtained in A2) is present in a syringe provided with a needle,
and the gradient of iodixanol or of 5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-
bis (2, 3 dihydroxypropyl) isophthalamide is present in a container of tube type. In this case, the
mixture obtained in A2) is deposited by plunging the needle of the syringe to the bottom of the
tube containing the gradient of iodixanol or of 5- (N-2, 3-dihydroxypropylacetamido)-2, 4, 6-tri-
iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide, and emptying the content of the syringe.
[0077] Then, the preparation obtained in A3) is centrifuged under vacuum in a ultracentrifuge
at low acceleration: this is step A4). This ultracentrifuging is carried out for a time comprised
between 40 and 50 minutes, at a temperature comprised between 2°C and 6°C, at a speed
comprised between 13000 and 16000 x g. Preferably, the ultracentrifuging is carried out for a
time comprised between 40 and 50 minutes, at a temperature of approximately 4°C, at a speed of
approximately 14500-14600 x g.

[0078] On finishing this step, a bacterial ring is formed within the gradient. This ring is
recovered under anaerobiosis in step A5). It contains the microbiota of interest.

Second alternative

[0079] Preferably, according to a second alternative, the preparation method comprises the
following steps:
A2) mixing at least one sample of faecal microbiota from a donor subject with a saline buffer,
under anaerobiosis,
A4) sequentially centrifuging at low acceleration the mixture obtained in A2), under
anaerobiosis,
AS5) recovering the supernatant formed on finishing step A4), under anaerobiosis,
A6) mixing the supernatant recovered in AS) with a diluent, which is a saline aqueous solution
comprising (i) at least a cryoprotectant chosen from polyols, di- to pentasaccharides, or
mixtures thereof, and (ii) maltodextrins, and
B) freezing the mixture obtained in A6) at a temperature less than -50°C, preferably comprised

between -70°C and -100°C, then lyophilizing it.
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[0080] This second alternative comprises a step of sequentially centrifuging at low
acceleration. By low acceleration, is meant acceleration comprised between 200 and 500 x g.
Thus, the different particles present in the sample of faecal microbiota (debris then bacterial cells)
will settle.
[0081] Step A2) comprises mixing at least one sample of faccal microbiota from a donor subject
with a saline buffer, under anaerobiosis. Preferably, said saline buffer is an aqueous solution of
HEPES comprising sodium chloride. Preferably, the HEPES is present at a concentration
comprised between 5 and 15 mM. Preferably, sodium chloride is present at a concentration
comprised between 7 and 15 g/1.
[0082] Preferably, mixing the sample of faccal microbiota with a saline buffer is carried out in
a sample:buffer weight ratio of 1:20 to 1:25.
[0083] Preferably, when the sample of faecal microbiota is filtered between steps A2) and A4),
it is subjected to a step of filtering the mixture obtained in A2) under anaerobiosis, in particular
by using a Seward bag provided with a filter.
[0084] Then, the mixture obtained in A2), optionally filtered, is subjected to sequentially
centrifuging at low acceleration, under anaerobiosis: this is step A4).
[0085] The sequentially centrifuging at low acceleration of step A4) is preferably carried out
at an acceleration comprised between 200 and 500 x g for a time comprised between 5 and 15
minutes, at a temperature comprised between 20 and 30°C. More preferentially, the sequentially
centrifuging at low acceleration is carried out at an acceleration of approximately 300 x g for a
time comprised between 5 and 15 minutes, at a temperature comprised between 20 and 25°C.
[0086] On finishing this step, the supernatant is recovered under anaerobiosis (step AS)). It
contains the microbiota of interest.
[0087] Preferably, the sequentially centrifuging at low acceleration of step d) and the step of
recovering the subsequent supernatant e) are carried out several times, preferably at least twice,
each step d) being carried out at an acceleration comprised between 200 and 500 x g for a time
comprised between 5 and 15 minutes and at a temperature comprised between 20 and 30°C.
[0088] Thus, preferably, in step A5):
AS5.1) the supernatant formed on finishing step A4) is recovered,
AS5.2) the pellet obtained in A4) is mixed with a saline buffer (the same as that of step A2)),
then subjected to sequentially centrifuging at low acceleration as described at step A4), and
the supernatant thus obtained is mixed with the supernatant of the fraction AS5.1). This
operation of washing the pellet can be repeated at will until the pellet is exhausted of bacteria.
In practice and for the sake of economy of time and extraction volumes, a single washing of

the pellet is typically carried out.
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[0089] Whatever the method according to the invention (first or second alternative), the latter
can comprise the following steps, under anaerobiosis, as step A6):
a) centrifuging the bacterial ring resuspended in a saline buffer or the supernatant obtained in
AS), at an acceleration comprised between 3000 and 4000 x g for a time comprised between
5 and 15 minutes, at a temperature comprised between 20 and 30°C,
b) recovering the pellet obtained on finishing step a), and resuspending in a saline buffer, then
centrifuging at an acceleration comprised between 200 and 500 x g for a time comprised
between 5 and 15 minutes, at a temperature comprised between 20 and 30°C,
¢) recovering the supernatant obtained on finishing step b), and resuspending in a saline
buffer, then centrifuging at an acceleration comprised between 3000 and 4000 x g for a time
comprised between 5 and 15 minutes, at a temperature comprised between 20 and 30°C,
d) recovering the pellet obtained on finishing step c), and
e) mixing the pellet recovered in d) with a diluent, which is a saline aqueous solution
comprising (i) at least a cryoprotectant chosen from polyols, di- to pentasaccharides,

or mixtures thereof, and (ii) maltodextrins.

These steps a) to e) can thus be sub-steps of step A6). Steps a) to d) aim to wash the microbiota
obtained in AS). Preferably, the temperature of steps a) to d) is comprised between 20 and 25°C.
[0090] Preferably, in these steps a) to d), the saline buffer is an aqueous solution of HEPES
comprising sodium chloride, preferably at a concentration comprised between 7 and 15 g/l.
Preferably, the HEPES is present at a concentration comprised between 8 and 15 mM.

[0091] The pellet obtained at step d) contains the microbiota of interest. It can thus be mixed
with the diluent, as described in step e).

[0092] On finishing step AS5) or d) (regardless of the methods according to the first or
second alternative), the fraction recovered is mixed with a diluent, which is a saline
aqueous solution comprising (i) at least a cryoprotectant chosen from polyols, di- to
pentasaccharides, or mixtures thereof, and (ii) maltodextrins.

[0093] Then, step B) of freezing and lyophilizing takes place, as described above.

[0094] The present invention also relates to the use of a lyophilizate obtainable by the method
according to the invention, as research tool, in particular as described above, in functional
genomics, metaproteomics or immunology.

[0095] The present invention also relates to a lyophilizate of faecal microbiota from a donor
subject obtainable by the method according to the invention, for its use in the transplantation of
autologous or allogenic faecal microbiota. In fact, the purified lyophilizate of faecal microbiota

according to the method of the invention can be administered to the receiving patient.
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[0096] The receiving patient can be different from the donor subject, and the transplantation is
then allogenic.

[0097] The receiving patient can also be identical to the donor subject, and the transplantation
is then autologous; this type of transplantation can take place when the subject, at the time healthy,
gives a sample before degradation of their microbiota. The lyophilizate is then stored, then
transplanted into this same subject (receiving patient) if they present in particular a Clostridium
difficile infection. The transplantation of autologous faecal microbiota has the advantage of
avoiding the transmission of a pathogenic agent originating from another donor.

[0098] The present invention also relates to a lyophilizate of faecal microbiota from a donor
subject obtainable by the method according to the invention, for its use for treating Clostridium
difficile infections. The present invention also relates to a lyophilizate of faecal microbiota from
a donor subject obtainable by the method according to the invention, for its use for accompanying
the treatment or for treating a pathology chosen from chronic inflammatory bowel diseases
(CIBD), functional bowel disorders, obesity, metabolic diseases and auto-immune diseases,
allergies, neurological diseases and cancers. The present invention also relates to a lyophilizate
obtainable by the method according to the invention, for its use for limiting the side effects of a
treatment chosen from antibiotherapies, chemotherapies, radiotherapies and surgeries in
particular of the digestive system.

[0099] The lyophilizate obtainable by the method according to the invention has good viability
of the bacteria present, as demonstrated in Example 4.

[0100] Typically, the viability of the bacteria of the faecal microbiota is measured by staining
with the LIVE/DEAD® BacLight™ Bacterial Viability Kit marketed by ThermoFisher Scientific.
This kit in fact makes it possible to distinguish living and dead bacteria based on the integrity of
their membranes, using two fluorophores, SYTO9® and propidium iodide (PI). The first
penetrates into all the cells, intact or not, fixes to the DNA and emits at 540 nm (green) after
excitation at 470 nm (blue laser). The PI also targets the DNA, but only penetrates into the cells
the membranes of which are damaged; it emits at 635 nm (red) after excitation at 470 nm. Such a
kit can be combined with flow cytometry or epifluorescence microscopy.

[0101] Preferably, staining the bacteria with the mixture of two SYTO9®/PI fluorophores is
carried out under anaerobiosis.

[0102] The invention will now be exemplified using the following examples, which are non-
limitative.

Description of the figures:

[0103] Figure 1 is a diagram which shows the Pearson correlations between lyophilizates and

raw faeces.
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Example 1: Purification of a sample of faecal microbiota from a donor subject by continuous

oradient of iodixanol (OptiPrep) according to the invention

Principle:

[0104] Separation of the total bacterial fraction, by buoyancy within a continuous gradient of
OptiPrep auto-formed by freeze-thaw. The heavy faecal dilution in OptiPrep is deposited under a
continuous gradient of OptiPrep, pre-formed by freeze-thaw. During centrifuging, the bacteria
rise within the gradient up to their buoyant density (1.110-1.190), while the food and endogenous
debris sink to the bottom of the gradient. All of the method is under anerobiosis.

Materials & Methods:

Hepes-NaCl buffers

[0105]
NaCl | Hepes QS MilliQ
For diluent for faecal suspensions 09¢g ]9532mg | QS <100 mL
40 mM Hepes - 9g/L NaCl then adjust pH to 7.0

then QS 100 mL
The diluent for faecal suspensions finally comprises,
for 100ml: 25 mL of 40 mM Hepes -9 g/L NaCl
and 75 mL of OptiPrep-60 (commercial solution

at 60% iodixanol in water)

For gradients

15 mM Hepes - 9 g/l NaCl 09¢g |357.5mg | QS<100 mL

then adjust pH to 7.0
then QS 100 mL

The diluent for gradients ("OptiPrep-20") is finally
a dilution of 3 times OptiPrep-60 in

15 mM Hepes - 9 g/LL NaCl

For bacterial phase washings

10 mM Hepes - 9 g/L NaCl 180g | 4.766 g QS<2L

then adjust pH to 7.0
then QS 2 L

Preparation of the continuous gradients by freeze-thaw (step Al)):

[0106]

- pipette 16 mL of degassed OptiPrep-20 solution, and transfer into tube while avoiding
aerating the solution

- freeze the tubes overnight at —80°C

- thaw the undisturbed, immobile tubes at ambient temperature for 2-3 hours before use; a
continuous density gradient of 1.03-1.22 forms automatically.

Preparation of the faecal dilutions in an anaerobic chamber (step A2)):

[0107]
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Put the sample of faeces in the anaerobic chamber

Weigh on the balance, on which a double filtered sterile Seward bag is placed, the desired
weight of faeces (maximum 3.5 g for 1 gradient, possibly less; in this case make up to 3.5
g with 10 mM Hepes - 9 g/L NaCl buffer)

Add 24 mL of diluent for faccal suspensions in the filter of the Seward bag,

Homogenize the mixture

Transfer the filtered homogenized faecal suspension into a 50 mL Falcon type tube

From this tube, fill a 20 mL syringe equipped with a needle with the faecal dilution

Producing the gradient outside of the anaerobic chamber (steps A3) and A4)):

[0108]

Plunge the needle of the syringe obtained in A2) to the bottom of the gradient pre-formed
by freeze-thaw obtained in A1)

Gently load the 20 mL of faecal dilution under the pre-formed gradient

Recommence for the other gradients

Weigh all the tubes and adjust the tubes in pairs to exactly the same weight with 10 mM
Hepes - 9 g/L. NaCl buffer

Carefully insert the tubes into the cold centrifuging buckets for the oscillating rotor

Centrifuge for 45 min at 4°C 14,567 x g

Recovering and washing the bacterial cells in an anaerobic chamber (steps A5), A6) and a)

to d)):
[0109]

Insert the centrifuging buckets into the anaerobic chamber without opening them
Open a bucket

Using a pipette, remove the upper phase

Pipette the intermediate cellular phase and distribute it into two 50 mL Falcon tubes
Add washing buffer (10 mM Hepes - 9 g/L NaCl) up to graduation 50 of the two
Falcon tubes

Remove the bacterial phases of all the gradients in the same way

Centrifuge for 10 min 4000 x g 22°C in the oscillating rotor

Remove the supernatant by aspiration

Add the washing buffer up to graduation ~ 25 mL of the Falcon tubes

Carefully resuspend the bacteria by using a pipette; make up to 50 mL
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- Centrifuge for 5 min 300 x g 22°C in the oscillating rotor in order to remove the
residual debris

- Transfer the supernatant (containing the bacteria without residue) with a pipette into
two new 50 mL Falcons; discard the pellet of debris

- Centrifuge for 10 min 3500 x g 22°C in the oscillating rotor

- Remove the supernatants

[0110] The bacterial pellet without residue obtained can be resuspended in the chosen
excipient.

Example 2: Purification of a sample of faecal microbiota from a donor subject by

sequentially centrifuging at low acceleration according to the invention

Principle:

[0111] Separation of the total bacterial fraction, by sequentially centrifuging at low
acceleration.

Materials & Methods:

Hepes-NaCl Buffer

[0112]
NaCl Hepes QS MilliQ
for faecal suspensions and
washings of bacterial phases QS<2L

4766 g

10 mM Hepes - 9 ¢/L NaCl | 180 then adjust pH to 7.0

then QS 2 L

Preparation of the faecal dilutions in an anaerobic chamber:

[0113]

- Put the sample of faeces in the anaerobic chamber

- Transfer the desired weight of faeces into the filter of the Seward bag

- Make up QS 350 g with 10 mM Hepes - 9 g/ NaCl for 14 g of faeces (i.e. a 1:25
dilution) and homogenize (step b))

- Transfer 50 mL of filtered homogenized faecal suspension into six 50 mL Falcon
type tubes

- Centrifuge for 10 min 300 x g 22°C in the oscillating rotor in order to remove the

debris (step d))
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- Distribute the supernatants (they contain the bacteria) into twelve new 50 mL tubes
(~25 mL/tube)

- Resuspend the 6 pellets in 50 mL 10 mM Hepes - 9 g/L NaCl and centrifuge for
10 min 300 x g 22°C in the oscillating rotor (step d))

- Distribute the 6 new supernatants into the waiting 12 tubes already containing the
first supernatants; QS 50 mL for the 12 tubes with 10 mM Hepes - 9 g/L. NaCl

- Centrifuge the 12 tubes for 10 min 3500 x g 22°C in oscillating rotor in order to
pellet the bacteria

- Using a pipette, carefully remove the supernatant

[0114] Finally, the bacterial pellets without residue obtained are resuspended in the chosen

excipient.

Example 3: Obtaining lyophilizates of faecal microbiota obtained in Examples 1 and 2
[0115] The fractions obtained at the end of the methods of Examples 1 and 2 were mixed with

the following diluents:
- NaCl: 9 g/L
- Maltodextrins: trehalose 15/5 or 5/15 in 9 g/ NaCl
- lodixanol: commercial aqueous solution at 60% diluted 3 times in 40 mM HEPES
- 9 g/L NaCl buffer
[0116] Then they were frozen at -80°C or -100°C
[0117] Then they were subjected to the following lyophilization cycle:

Stages Temperature of | Gradient in | Pressure Step in min
shelves min pubar

Pre-cooling -40°C 60 atmo Until loading

Primary drying -10°C 360 150 1080

Primary drying +25°C 120 150 720

[0118] Secondary drying is carried out at +25°C, at a pressure of 80 ubar for approximately
900 minutes.

[0119] The lyophilizer was pre-cooled to -40°C before loading. From the moment of receiving
the samples, the flasks stored in dry ice were loaded into the device and the lyophilizer was placed
under vacuum from the end of loading. Two PT100 temperature probes were placed in two flasks.
As the products were frozen before loading, the probes are above the product and not in the

product.
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[0120] The duration of the cycle is 45 h. At the end of the cycle, the flasks are stoppered under
vacuum in the lyophilizer then capped after unloading.

Example 4: Viability of the bacteria present in the lvophilizates of faecal microbiota

obtained in Example 3

Protocol:
[0121] The viability of the bacteria present in the lyophilizates of faecal microbiota obtained in

Example 3 was measured according to the following protocol:

successive decimal dilutions under an anaerobic atmosphere, in order to achieve a
final dilution of around 10°® bacteria/mL in the sample intended for staining; this
operation must be immediately consecutive to resuspending the bacterial pellets
without residue in the chosen excipient; the staining of the last dilution must also
be immediate,

- Less than 30 min must elapse between the resuspending and the staining, as the
living populations proliferate rapidly if the excipient contains a nutritive substrate:
over a 4 hour wait at ambient temperature, under anaerobiosis and in the presence
of a single nutritive substrate, the population increases by a half-log and the
percentage of bacteria increases by 10%,

- staining the bacteria, using the LIVE/DEAD® BacLight™ Bacterial Viability Kit
according to the manufacturer's instructions,

- quantification of the living and dead bacteria by flow cytometry: the time between

the staining and the quantification must not exceed 20 minutes, whether the stained

samples (always shaded from the light) wait at ambient temperature or on crushed

ice.
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Results:
[0122] The results are shown in the table below:
Viability 1 week Standard Viability 1 month Standard Viability 3 months= Standard
Sample after deviation after deviation after deviation
Iyophilization lyophilization lyophilization
Lyophilizate
with 2507 2507 5.0 3.00%% 12.107% 3.10%%
NaCl
E:;‘::d'{::;:;:“" 44.50% 8.00% 4810% 5.80% 50.20% 2.20%
I‘:;ﬁ'::::“"‘ with 3110% 6.50% 3760% 6.90% 40.30% 9.80%
Lyophilizate with
T 45.30% 6.60% 3250% 1540% 22.20% 9.70%
[0123] Thus, the results show that the viability of the bacteria present in the purified samples

according to the invention is very good when the bacteria are lyophilized with maltodextrins.

Example 5: Obtaining and viability of bacteria present in non-purified lyophilizates of

faecal microbiota

[0124]

- NaCl: 9 g/L

- Maltodextrins: trehalose 15/5 or 5/15 in 9 g/L NaCl

A microbiota was collected and suspended in the following solutions:

[0125] Then the suspensions were frozen at -80°C or -100°C
[0126] Then they were subjected to the following lyophilization cycle:
Stages Temperature of | Gradient in | Pressure Step in min
shelves min ubar
Pre-cooling -45°C 60 atmo Until loading
Primary drying -10°C 360 150 1080
Primary drying +25°C 60 150 480
Secondary drying +25°C 1 80 960
[0127] The lyophilizer was pre-cooled to -45°C before loading. On receiving the samples, the

stored products in dry ice were loaded into the device and the lyophilizer was placed under

vacuum from the end of loading.

[0128]

vacuum in the lyophilizer then capped after unloading.

[0129]

The duration of the cycle is 48 h. At the end of the cycle, the flasks are stoppered under

The quality of the bacterial populations was assessed in terms of diversity via an

extraction of DNA and its analysis by sequencing the rDNA 16S gene. A phylogenetic analysis
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was then carried out in order to establish the profiles of the different samples in order to compare
them. The results are shown in Figure 1.

[0130] Thus, the results show that the correlation levels between the taxonomic profiles are
very high for the 3 formulations, demonstrating that the method effectively preserves
approximately 90% of the bacterial populations.

[0131] The viability was assessed in the same way as that presented in Example 4 and the

results after storage for 10 months are presented below:

Subject A Subject B
Lyophilizate with trehalose 24.90% 31.20%
Lyophilizate with NaCl 11.30% 20.20%
Lyophilizate with Maltodextrins 33.80% 30.70%

[0132] After 10 months, the suspensions produced with NaCl have viabilities clearly lower than
the other 2.

[0133] Thus, the microbiotas obtained according to the method make it possible at the same
time to preserve the bacterial populations, since the correlations of the phylogenetic profiles are
very high, and in addition they make it possible to store the bacteria alive for longer than the NaCl

formulation.
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CLAIMS

1. A method of preparing a lyophilizate of faecal microbiota from a donor subject,

comprising the following steps:

A) mixing a sample of faecal microbiota from a donor subject with a diluent that is a
saline aqueous solution comprising (i) at least one cryoprotectant chosen from polyols,

di- to pentasaccharides or mixtures thereof, and (ii) maltodextrins, and

B) freezing the mixture obtained in A) at a temperature less than -50°C, preferably
comprised between -70°C and -100°C, then lyophilizing it.

2. A method of preparing a lyophilizate according to claim 1 , characterized in that the
diluent is a saline aqueous solution comprising at least galactose-lactose or trehalose as

cryoprotectant.

3. A method of preparing a lyophilizate according to one of claims 1 or 2, characterized
in that the diluent is a saline aqueous solution comprising at least a mixture of
maltodextrins, preferably in an amount comprised between 4 and 20% relative to the total

volume of the solution.

4. A method of preparing a lyophilizate according to one of claims 1 to 3, characterized
in that the total amount of cryoprotectant in the saline aqueous solution is comprised
between 3 and 30% by weight relative to the total volume of the solution, preferably

between 4 and 20% by weight relative to the total volume of the solution.

5. A method according to any one of claims 1 to 4, characterized in that step A) comprises

the following steps:

Al) optionally, preparing a continuous gradient of iodixanol or 5-(N-2, 3-
dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl)

isophthalamide formed by freeze-thaw,
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A2) mixing at least one faecal microbiota sample from a donor subject with a saline buffer
optionally comprising iodixanol or 5-(N-2, 3-dihydroxypropylacetamido)-2, 4, 6-tri-
iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide, under anaerobiosis,

A3) optionally, forming a deposit of the mixture obtained in A2) under the gradient
obtained in A1),

A4) sequentially centrifuging at low acceleration under anaerobiosis, or ultracentrifuging

the mixture obtained in A2) or A3),

AS5) recovering the bacterial ring or the supernatant formed on finishing step A4), under

anaerobiosis,

A6) mixing the bacterial ring or the supernatant recovered in A5) with the diluent.

6. A method according to one of claims 1 to 5, characterized in that it comprises, as step

A6), the following steps under anaerobiosis:

a) centrifuging the bacterial ring resuspended in a saline buffer or the supernatant obtained
in AS5), at an acceleration comprised between 3000 and 4000xg for a time comprised

between 5 and 15 minutes, at a temperature comprised between 20 and 30°C,

b) recovering the pellet obtained on finishing step a), and resuspending in a saline buffer,
then centrifuging at an acceleration comprised between 200 and 500xg for a time

comprised between 5 and 15 minutes, at a temperature comprised between 20 and 30°C,

¢) recovering the supernatant obtained on finishing step b), and resuspending in a saline
buffer, then centrifuging at an acceleration comprised between 3000 and 4000xg for a
time comprised between 5 and 15 minutes, at a temperature comprised between 20 and

30°C,

d) recovering the pellet obtained on finishing step c), and

e) mixing the pellet recovered in d) with the diluent.
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7. A method according to one of claims 1 to 6, characterized in that the lyophilization of

step B) is carried out in the following conditions:

B1) freezing the mixture obtained in A) at a temperature less than -50°C, preferably

comprised between -70°C and -100°C,

B2) loading the frozen mixture obtained in B1) into a precooled lyophilizer to a

temperature comprised between -50°C and -30°C, at atmospheric pressure, then

B3) at least one step of primary drying of the mixture loaded at B2) comprising lowering
the pressure to a value comprised between 80 and 200 pbar, then increasing the
temperature of the shelves to a value comprised between -20°C and +25°C, while

applying a heating rate comprised between 0.2 and 0.5 °C/min, then

B4) secondary drying of the mixture obtained at B3) comprising lowering the pressure to
a value less than or equal to 80 pubar, and raising the temperature of the shelves to a value
comprised between +25°C and +35°C, at a heating rate comprised between 0.1 and 0.3

°C/min, and maintaining it there for between 8 and 15 hours.

8. A method according to one of claims 5 to 7, characterized in that the saline buffer is an
aqueous solution of HEPES comprising sodium chloride, preferably at a concentration

comprised between 7 and 15g/1.

9. A method according to one of claims 1 to 8, characterized in that it comprises the

following steps:

Al) preparing a continuous gradient of iodixanol or 5-(N-2, 3-
dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl)

isophthalamide formed by freeze-thaw,

A2) mixing at least one faecal microbiota sample from a donor subject with a saline buffer
added to an aqueous solution comprising iodixanol or 5-(N-2, 3-
dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl)
isophthalamide, said saline buffer preferably being an aqueous solution of HEPES

comprising sodium chloride, under anaerobiosis,
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A3) forming a deposit of the mixture obtained in A2) under the gradient obtained in A1),

A4) ultracentrifuging the mixture obtained in A3), for a time comprised between 40 and
50 minutes, at a temperature comprised between 2°C and 6°C, at a speed comprised

between 13000 and 16000 x g,

AS5) recovering the bacterial ring formed on finishing step A4), under anaerobiosis,

A6) mixing the bacterial ring recovered in A5) with the diluent, and

B) freezing the mixture obtained in A6) at a temperature less than -50°C, preferably
comprised between -70°C and -100°C, then lyophilizing it.

10. A method according to one of claims 1 to 9, characterized in that the preparing of a
continuous gradient of iodixanol formed by freeze-thaw in step Al) is carried out

according to the following steps:

Al.a) freezing a solution of iodixanol or 5-(N-2, 3-dihydroxypropylacetamido)-2, 4, 6-
tri-iodo-N, N'-bis (2, 3 dihydroxypropyl) isophthalamide at a temperature comprised
between -70°C and -100°C for at least 12 hours; then

A1.b) thawing the solution obtained in Al.a) at an ambient temperature for 2 to 4 hours,
in order to obtain a continuous gradient of iodixanol or of 5-(N-2, 3-
dihydroxypropylacetamido)-2, 4, 6-tri-iodo-N, N'-bis (2, 3 dihydroxypropyl)
isophthalamide.

11. A method according to one of claims 1 to 8 or 10, characterized in that it comprises

the following steps under anaerobiosis:

A2) mixing at least one sample of faecal microbiota from a donor subject with saline

buffer,

A4) sequentially centrifuging at low acceleration the mixture obtained in A2),

AS5) recovering the supernatant formed on finishing step A4),
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A6) mixing the supernatant recovered in A5) with the diluent, and

B) freezing the mixture obtained in A6) at a temperature less than -50°C, preferably

comprised between -70°C and -100°C, then lyophilizing it.

12. A method according to claim 11, characterized in that the sequential centrifugation at
low acceleration of step A4) is carried out at an acceleration comprised between 200 and
500xg for a time comprised between 5 and 15 minutes, at a temperature comprised

between 20 and 30°C,

13. A lyophilizate of fecal microbiota from a donor subject obtainable by the method
according to one of claim 1 to 12, for use in the transplantation of autologous or allogenic

faecal microbiota, or for treating intestinal dysbioses.

14. The use in vitro of a lyophilizate obtainable by the method according to one of claim
1 to 12, as a research tool, preferably in functional genomics, metaproteomics or

immunology.
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Patentkrav

1. Fremgangsmate for fremstilling av et lyofilisat av fekal mikrobiota fra et donor
individ, som omfatter de etterfglgende trinnene:
A) blandingen av en prgve av fekal mikrobiota fra et donor individ med et
fortynningsmiddel som er en vandig saltlgsning som omfatter (i) minst ett kryo-
beskyttende middel valgt blant polyoler, di- til pentasakkaridene, eller blandinger
derav, og (ii) maltodekstriner, og
B) frysing av blandingen oppnadd i A) ved en temperatur lavere enn -50°C,

fortrinnsvis som ligger mellom -70°C og -100°C, deretter dets lyofilisering.

2. Fremgangsmate for fremstilling av et lyofilisat ifglge krav 1, karakterisert ved
det at fortynningsmidlet er en vandig saltlgsning som omfatter minst galaktose-laktose

eller trehalose som kryo-beskyttende middel.

3. Fremgangsmate for fremstilling av et lyofilisat ifglge ett av kravene 1 eller 2,
karakterisert ved det at fortynningsmidlet er en vandig saltlgsning som omfatter minst
en blanding av maltodekstriner, fortrinnsvis i en mengde som ligger mellom 4 og 20% i

forhold til totalvolum av Igsningen.

4, Fremgangsmate for fremstilling av et lyofilisat ifglge ett av kravene 1 til
3, karakterisert ved det at den totale mengden av kryo-beskyttende middel i den
vandige saltlgsningen er liggende mellom 3 og 30 vekt% i forhold til totalvolum av

Igsningen, fortrinnsvis mellom 4 og 20 vekt% i forhold til totalvolum av Igsningen.

5. Fremgangsmate ifglge ett av kravene 1 til 4, karakterisert ved det at trinnet A)
omfatter de etterfglgende trinnene:
Al) eventuelt, fremstilling av en kontinuerlig gradient av jodiksanol eller av 5-(N-
2, 3-dihydroksypropylacetamido)-2,4,6-tri-jod-N,N’-bis-(2,3-dihydroksypropyl)-
isoftalamid dannet ved frysing-tining,
A2) blanding av minst én prgve av fekal mikrobiota fra et donor individ med en
saltvannsbuffer som omfatter eventuelt jodiksanolet eller 5-(N-2,3-dihydroksy-
propylacetamido)-2,4,6-tri-jod-N,N’-bis-(2,3-dihydroksypropyl)-isoftalamid,
anaerobt,
A3) eventuelt, deponering av blandingen oppnddd i A2) under gradienten oppnadd
i A1),
A4) sekvensiell sentrifugering ved lav akselerasjon anaerobt, eller ultra-
sentrifugering av blandingen oppnadd i A2) eller A3),
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A5) gjenvinning av bakterieringen eller av supernatanten dannet ved utgangen av
trinnet A4), anaerobt,
A6) blanding av bakterieringen eller supernatanten gjenvunnet i A5) med

fortynningsmidlet.

Fremgangsmate ifglge ett av kravene 1 til 5, karakterisert ved det at den

omfatter, som trinn A6), de etterfglgende anaerobe trinnene:

7.

a) sentrifugering av bakterieringen resuspendert i en saltvannsbuffer eller i
supernatanten oppnadd i A5), med en akselerasjon som ligger mellom 3000 og
4000xg i lgpet av en tid som ligger mellom 5 og 15 minutter, ved en temperatur
som ligger mellom 20 og 30°C,

b) gjenvinning av pelleten oppnadd ved utgangen av trinn a), og resuspensjon i en
saltvannsbuffer, deretter sentrifugering med en akselerasjon som ligger mellom
200 og 500xg i Igpet av en tid som ligger mellom 5 og 15 minutter, ved en
temperatur som ligger mellom 20 og 30 °C,

c) gjenvinning av supernatanten oppnadd ved utgangen av trinn b), og
resuspensjon i en saltvannsbuffer, deretter sentrifugering med en akselerasjon
som ligger mellom 3000 og 4000xg i lgpet av en tid som ligger mellom 5 og 15
minutter, ved en temperatur som ligger mellom 20 og 30 °C,

d) gjenvinning av pelleten oppnddd ved utgangen av trinnet c), og

e) blanding av pelleten gjenvunnet i d) med fortynningsmidlet.

Fremgangsmate ifglge ett av kravene 1 til 6, karakterisert ved det

at lyofiliseringen i trinnet B) blir utfgrt under de etterfglgende betingelsene:

B1) frysing av blandingen oppnadd i A) ved en temperatur lavere enn -50 °C,
fortrinnsvis som ligger mellom -70°C og -100°C,

B2) lasting av den frosne blandingen oppnddd i B1) i en frysetgrrer forkjglt til en
temperatur som ligger mellom -50 °C og -30 °C, ved atmosfaerisk trykk, deretter
B3) minst ett trinn med primeer tgrking av blandingen lastet i B2) som omfatter
senking av trykket opp til en verdi som ligger mellom 80 og 200 pbar, deretter
gkning av temperaturen pa hyllene opp til en verdi som ligger mellom -20 °C og
+25 °C, ved & pafgre en oppvarmingshastighet som ligger mellom 0,2 og 0,5
°C/min, deretter

B4) sekundeer tgrking av blandingen oppnadd i B3) som omfatter senking av
trykket til en verdi mindre eller lik med 80 pbar, og heving av temperaturen pa
hyllene til en verdi som ligger mellom +25 °C og +35 °C, ved en hastighet av
oppvarming som ligger mellom 0,1 og 0,3 °C/min, og a holde den der mellom 8 og

15 timer.
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Fremgangsmate ifglge ett av kravene 5 til 7, karakterisert ved det

at saltvannsbufferen er en vandig Igsning av HEPES som omfatter natriumklorid,

fortrinnsvis ved en konsentrasjon som ligger mellom 7 og 15 g/I.

9.

Fremgangsmate ifglge ett av kravene 1 til 8, karakterisert ved det at den

omfatter de etterfglgende trinnene:

10.

Al) fremstilling av en kontinuerlig gradient av jodiksanol eller 5-(N-2,3-di-
hydroksypropylacetamido)-2,4,6-tri-jod-N,N'-bis-(2,3-dihydroksypropyl)-
isoftalamid dannet ved frysing-tining,

A2) blanding av minst én prgve av fekal mikrobiota fra et donor individ med en
saltvannsbuffer tilsatt en vandig Igsning som omfatter jodiksanolet eller 5-(N-2, 3-
dihydroksypropylacetamido)-2,4,6-tri-jod-N,N’-bis(2,3-dihydroksypropyl)-
isoftalamid, hvor den nevnte saltvannsbufferen fortrinnsvis er en vandig Igsning av
HEPES som omfatter natriumklorid, anaerobt,

A3) deponering av blandingen oppnddd i A2) under gradienten oppnadd i A1),

A4) ultrasentrifugering av blandingen oppnadd i A3), i Igpet av en varighet som
ligger mellom 40 og 50 minutter, ved en temperatur som ligger mellom 2 °C og 6°
C, ved en hastighet som ligger mellom 13000 og 16000xg,

A5) gjenvinning av bakterieringen dannet ved utgangen av trinnet A4), anaerobt,
A6) blanding av bakterieringen gjenvunnet i A5) med fortynningsmidlet, og

B) frysing av blandingen oppnadd i A6) ved en temperatur lavere enn -50 °C,

fortrinnsvis som ligger mellom -70 °C og -100 °C, deretter dets lyofilisering.

Fremgangsmate ifglge ett av kravene 1 til 9, karakterisert ved det

at fremstillingen av en kontinuerlig gradient av jodiksanol dannet ved frysing-tining i

trinnet Al) blir utfgrt ifglge de etterfglgende trinnene:

11.

Al.a) frysing av en Igsning av jodiksanol eller av 5-(N-2,3-dihydroksypropyl-
acetamido)-2,4,6-tri-jod-N,N'-bis (2,3-dihydroksypropyl)-isoftalamid ved en
temperatur som ligger mellom -70 °C og -100 °C i Igpet av minst 12 timer;
deretter

A1.b) tining av Igsningen oppnadd i Al.a) til romtemperatur i Igpet av 2 til 4 timer,
i den hensikt 3 oppn5 en kontinuerlig gradient av jodiksanol eller av 5-(N-2,3-
dihydroksypropylacetamido)-2,4,6-tri-jod-N,N'-bis-(2,3 dihydroksypropyl)-

isoftalamid.

Fremgangsmate ifglge ett av kravene 1 til 8 eller 10, karakterisert ved det at

den omfatter de etterfglgende anaerobe trinnene:

A2) blanding av minst en prgve av fekal mikrobiota fra et donor individ med en

saltvannsbuffer,
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A4) sekvensiell sentrifugering ved lav akselerasjon av blandingen oppnadd i A2),
A5) gjenvinning av supernatanten dannet ved utgangen av trinn A4),

A6) blanding av supernatanten gjenvunnet i A5) med fortynningsmidlet, og

B) frysing av blandingen oppnadd i A6) ved en temperatur lavere enn -50 °C,

fortrinnsvis som ligger mellom -70 °C og -100 °C, deretter dets lyofilisering.

12. Fremgangsmate ifglge krav 11, karakterisert ved det at den sekvensielle
sentrifugeringen ved lav akselerasjon i trinnet A4) blir utfgrt ved en akselerasjon som
ligger mellom 200 og 500xg i Igpet av en tid som ligger mellom 5 og 15 minutter, ved en

temperatur som ligger mellom 20 og 30 °C.

13. Lyofilisat av fekal mikrobiota fra et donor individ som er oppnaelig ved
fremgangsmaten ifglge ett av kravene 1 til 12, for dets anvendelse i transplantasjonen av

autolog eller allogen fekal mikrobiota, eller for & behandle tarm dysbiosi

14. In vitro anvendelse av et lyofilisat som er oppnaelig ved fremgangsmaten ifglge ett
av kravene 1 til 12, som forskningsverktgy, fortrinnsvis innen funksjonell genomikk,

innen metaproteomikk eller innen immunologi.
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