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HIGH-COMPLEXITY SYNTHETIC GUT BACTERIAL COMMUNITIES

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of and priority to U.S. Provisional Patent
Application No. 63/028,495, filed May 21, 2020, the disclosure of which is hereby incorporated

by reference in its entirety for all purposes.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT
[0002] This invention was made with Government support under Grant No: DK113598
awarded by the National Institutes of Health (NIH). The Government has certain rights in the

invention.

BACKGROUND OF THE INVENTION
[0003] Fecal microbiota transplantation (FMT) is a promising therapeutic approach that has
proved highly effective for treating conditions such as recurrent C. difficile infection (CDI). To
avoid the disadvantages of using stool, Allen-Vercoe and Petrof proposed treatment of recurrent
CDI using a synthetic bacterial ecosystem of 33 strains developed from a subset of isolates.
Allen-Vercoe, E. and Petrof, EO, 2013, "Artificial stool transplantation: progress towards a
safer, more effective and acceptable alternative," Expert Rev. Gastroenterol. Hepatol. 7(4), 291-
293 (2013); WO 2013/037068 Al.
[0004] FMT has been proposed by Fischbach and colleagues as a therapeutic intervention to
change the spectrum of metabolites in a patient's bloodstream, urine, bile and/or feces by
engineering the molecular output of the gut bacterial community. Dodd e al., 2017, "A gut
bacterial pathway metabolizes aromatic amino acids into nine circulating metabolites," Nature
551: 648-652; Fischbach MA, 2018, "Microbiome: Focus on Causation and Mechanism," Cel/
174(4):785-790.
[0005] Although FMT shows great promise as a therapeutic modality, better transplantable
compositions are needed, as are better methods for developing therapeutic agents with a desired

activity.
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SUMMARY OF THE INVENTION
[0006] In one aspect, provided herein is a high-complexity defined gut microbial
community, comprising: a plurality of between 40 and 500 defined microbial strains, wherein the
defined microbial strains comprise at least 3 of 4 phyla selected from the group consisting of
Bacteroidetes, Firmicutes, Actinobacteria and Proteobacteria. In some embodiments, the defined
gut microbial community is capable of: (a) metabolizing at least 90% of enumerated substrates
selected from the group consisting of: a-mannan (yeast), acetate, agarose, alanine, alginate,
anthocyanin, arabinan, arabinogalactan, arabinoxylan, arginine, asparagine, Aspartate, b-glucans,
butyrate, carrageenan, chitin, chlorogenic acids, chondroitin sulfate, cinnamic acid, Cysteine,
dextran (40), Dihydrochalcones, Enterodiol, flavan-3-ols, flavanones, flavones, flavonols, folate,
formate, galactomannan (carob), galacturonan (homo), galacturonate, glucomannan (konjac),
glutamate, Glutamine, Glycine, Histidine, hyaluronan, hydrogen, hydroxycinnamic acids,
hydroxyproline, inulin, isoflavones/isoflavanones, Isoleucine, lactate, laminarin, Leucine, levan,
Lysine, Methionine, mucin O-linked glycans, Ornithine, Phenylalanine, porphyran, Proline,
propionate, rhamnogalacturonan I, rhamnogalacturonan II, Secoisolariciresinol diglucoside,
Serine, starch (potato), starch (structure 1), thiamine, Threonine, tryptophan, Tyrosine, Valine,
xyloglucan, and xylooligosaccharides (XOS), and/or (b) producing at least 90% of enumerated
metabolites selected from the group consisting of: formate, acetate, propionate, butyrate,
isobutyrate, valerate, isovalerate, 2-methylbutyrate, caporate, isocaporate, 3-methylvaleric acid,
L-phenylalanine, 3-phenylpropionic acid, phyenypyruvate, DL-3-phenyllactic acid, trans-
cinnamic acid, phenyllactic acid, phenethylamine, L-tyrosine, 3-(4-hydroxyphenyl)propionic
acid, 3-(4-hydroxyphenyl) pyruvic acid, DL-p-hydroxyphenyl lactic acid, p-coumaric acid, 4-
hydroxyphenyl acetic acid, tyramine, phenol, p-cresol, 4-ethylphenol, 4-vinylphenol, 4-
hydroxybenzoic acid, L-tryptophan, 3-indolepropionic acid, 3-indolepyruvic acid, DL-indole-3-
lactic acid, trans-3-indoleacrylic acid, 3-indoleacetic acid, tryptamine, indole, skatol, indole-3-
carboxylic acid, indole-3-carboxyaldehyde, N-acetyl-L-phenylalanine, phenylpropionylglycine,
3-(3-hydroxyphenyl) propionic acid, cinnamoylglycine, phenylacetylglycine,
phenylacetylglutamine, hippuric acid, 2-hydroxyhippuric acid, 3-hydroxyhippuric acid, 4-
hydroxyhippuric acid, 4-hydroxyphenylacetylglycine, phenyl sulfate, phenyl glucuronide, p-
cresol sulfate, p-cresol glucuronide, 4-ethylphenol sulfate, 4-ethylphenol glucuronide, N-acetyl-
L-tryptophan, 5-hydroxy-L-typtophan, N-acetylserotonin, 3-indolepriopionylglycine, indolyl-3-
acryloylglycine, indoxyl sulfate, indoxyl glucuronide, 5-hydroxyindole-3-acetic acid,
indoleacetylglycine, lithocholic acid, murocholic acid, ursodeoxycholic acid, hyodeoxycholic

acid, deoxycholic acid, 7-oxocholic acid, w-muricholic acid, a-muricholic acid, f-muricholic
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acid, y-muricholic acid, 7Bcholic acid, taurolithocholic acid, tauroursodeoxycholic acid,
taurohyodeoxycholic acid, taurochenodeoxycholic acid, taurodeoxycholic acid, tauro-3-
muricholic acid, tauro- m-muricholic acid, and taurocholic acid. In some embodiments, the high-
complexity defined gut microbial community achieves substantial engraftment when
administered to a gnotobiotic mouse. In some embodiments, the engrafted high-complexity
defined gut microbial community is stable following a human fecal community microbial
challenge.

[0007] In some embodiments, metabolization of a substrate and/or production of a
metabolite can be determined by culturing the defined gut microbial community in vitro and
measuring whether the substrate is metabolized and/or the metabolite is produced by liquid
chromatography-mass spectrometry analysis. In some embodiments, metabolization of a
substrate and/or production of a product can be determined by administering the defined gut
microbial community to a gnotobiotic mouse and measuring whether the substrate is
metabolized and/or the product is produced after a defined period of time by liquid
chromatography-mass spectrometry analysis of a sample obtained from the mouse. In certain
embodiments, the defined gut microbial community is administered via a route selected from the
group consisting of oral, rectal, fecal (by enema), and naso/oro-gastric gavage. In certain
embodiments, the defined period of time is about 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 24
hours, 2 days, 7 days, 14 days, 1 month, or 2 months. In certain embodiments, the sample is
selected from the group consisting of a fecal sample, urine sample, blood sample, or serum
sample.

[0008] In another aspect, provided herein is a high-complexity defined gut microbial
community, comprising: a plurality of between 40 and 500 defined microbial strains, wherein the
defined microbial strains comprise at least 3 of 4 phyla selected from the group consisting of
Bacteroidetes, Firmicutes, Actinobacteria and Proteobacteria; wherein the defined gut microbial
community encode the enzymes catalyzing all reactions for at least 90% of the enumerated
MetaCyc metabolic pathways selected from the group consisting of: ICMET2-PWY, 2.6.1.32-
RXN, AEROBACTINSYN-PWY, ALACAT2-PWY, ALADEG-PWY, ALANINE-DEG3-
PWY, ALANINE-SYN2-PWY, ALANINE-VALINESYN-PWY, ANAPHENOXI-PWY
ARGASEDEG-PWY, ARGDEG-III-PWY, ARGDEG-IV-PWY, ARGDEGRAD-PWY,
ARGDEG-V-PWY, ARG-GLU-PWY, ARGININE-SYN4-PWY, ARG-PRO-PWY,
ARGSYNBSUB-PWY, ARGSYN-PWY, ASPARAGINE-BIOSYNTHESIS, ASPARAGINE-
DEGI1-PWY, ASPARAGINE-DEGI-PWY-1, ASPARAGINESYN-PWY, ASPARTATE-
DEGI1-PWY, ASPARTATESYN-PWY, ASPASN-PWY, ASPSYNII-PWY, AST-PWY, BETA-
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ALA-DEGRADATION-I-PWY, CAMALEXIN-SYN, CITRULBIO-PWY, CITRULLINE-
DEG-PWY, COA-PWY, CODH-PWY, CYSTEINE-DEG-PWY, CYSTSYN-PWY,
DAPLYSINESYN-PWY, ENTBACSYN-PWY, ETHYL-PWY, FAO-PWY,
FERMENTATION-PWY, GLNSYN-PWY, GLUDEG-I-PWY, GLUGLNSYN-PWY,
GLUTAMATE-DEG1-PWY, GLUTAMATE-SYN2-PWY, GLUTAMINDEG-PWY,
GLUTAMINEFUM-PWY, GLUTATHIONESYN-PWY, GLUTDEG-PWY, GLUTORN-PWY,
GLUTSYNIII-PWY, GLUTSYN-PWY, GLYCGREAT-PWY, GLYSYN-ALA-PWY,
GLYSYN-PWY, GLYSYN-THR-PWY, HISDEG-PWY, HISHP-PWY, HISTDEG-PWY,
HISTSYN-PWY, HOMOCYSDEGR-PWY, HOMOSER-METSYN-PWY, HOMOSERSYN-
PWY, HSERMETANA-PWY, HYDROXYPRODEG-PWY, ILEUDEG-PWY, ILEUSYN-
PWY, LARABITOLUTIL-PWY, LCYSDEG-PWY, LEU-DEG2-PWY, LEUSYN-PWY,
LYSDEGII-PWY, LYSINE-AMINOAD-PWY, LYSINE-DEG1-PWY, MALATE-
ASPARTATE-SHUTTLE-PWY, METH-ACETATE-PWY, METHANOGENESIS-PWY,
METHIONINE-DEG1-PWY, MGLDLCTANA-PWY, ORN-AMINOPENTANOATE-CAT-
PWY, ORNDEG-PWY, P101-PWY, P162-PWY, P163-PWY, P181-PWY, P261-PWY, P283-
PWY, P401-PWY, P541-PWY, PHENYLALANINE-DEG1-PWY, PHESYN, PHOSLIPSYN2-
PWY, PHOSPHONOTASE-PWY, PROSYN-PWY, PROUT-PWY, PWY0-1021, PWY0-1221,
PWY0-1299, PWYO0-1303, PWY0-1305, PWY0-1313, PWYO0-1317, PWY0-1321, PWY0-1338,
PWYO0-1347, PWYO0-1355, PWY0-1356, PWY0-1534, PWYO0-1544, PWY0-1565, PWY0-1576,
PWYO0-1577, PWYO0-1578, PWY0-1585, PWYO0-1601, PWY0-42, PWY0-461, PWY0-823,
PWYO0-901, PWY-1, PWY-1061, PWY-1121, PWY-1186, PWY1-2, PWY-1263, PWY-1622,
PWY-1722, PWY-1781, PWY-181, PWY-1881, PWY-1962, PWY-1981, PWY IF-467,
PWYIF-FLAVSYN, PWY1G-0, PWY-2021, PWY-2161, PWY-2181, PWY-2201, PWY-2821,
PWY-2941, PWY-2942, PWY-3, PWY-3022, PWY-3081, PWY-3161, PWY-3162, PWY-3181,
PWY-3301, PWY-3341, PWY-3385, PWY-3461, PWY-3462, PWY-3581, PWY-361, PWY-
3661, PWY-3661-1, PWY-381, PWY-3841, PWY-3941, PWY3DJ-12, PWY30-4107, PWY30-
4108, PWY-4, PWY-40, PWY-4002, PWY-4041, PWY-4201, PWY-4281, PWY-43, PWY-
4321, PWY-4341, PWY-4361, PWY-46, PWY490-3, PWY490-4, PWY-4981, PWY-4983,
PWY-4984, PWY4FS-6, PWY-5, PWY-5022, PWY-5024, PWY-5028, PWY-5029, PWY-5030,
PWY-5031, PWY-5041, PWY-5048, PWY-5049, PWY-5057, PWY-5075, PWY-5076, PWY-
5078, PWY-5079, PWY-5081, PWY-5082, PWY-5087, PWY-5097, PWY-5101, PWY-5103,
PWY-5104, PWY-5108, PWY-5109, PWY-5129, PWY-5135, PWY-5136, PWY-5151, PWY-
5154, PWY-5155, PWY-5159, PWY-5176, PWY-5188, PWY-5189, PWY-5196, PWY-5199,
PWY-5207, PWY-5250, PWY-5254, PWY-5265, PWY-5280, PWY-5283, PWY-5290, PWY-
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5297, PWY-5298, PWY-5311, PWY-5314, PWY-5316, PWY-5319, PWY-5324, PWY-5329,
PWY-5331, PWY-5332, PWY-5364, PWY-5381, PWY-5382, PWY-5386, PWY-5394, PWY-
5399, PWY-5436, PWY-5437, PWY-5441, PWY-5443, PWY-5458, PWY-5467, PWY-5468,
PWY-5473, PWY-5474, PWY-5494, PWY-5497 PWY-5499, PWY-5629, PWY-5651, PWY-
5653, PWY-5665, PWY-5669, PWY-5675, PWY-5679, PWY-5686, PWY-5710, PWY-5736,
PWY-5737, PWY-5739, PWY-5740, PWY-5742, PWY-5747, PWY-5748, PWY-5751, PWY-
5754, PWY-5766, PWY-5770, PWY-5784, PWY-5788, PWY-5797, PWY-5800, PWY-581,
PWY-5811, PWY-5818, PWY-5826, PWY-5877, PWY-5883, PWY-5886, PWY-5912, PWY-
5913, PWY-5921, PWY-5936, PWY-5940, PWY-5958, PWY-5963, PWY-5968, PWY-5978,
PWY-5980, PWY-5990, PWY-6003, PWY-6004, PWY-601, PWY-6030, PWY-6039, PWY-
6045, PWY-6052, PWY-6053, PWY-6054, PWY-6055, PWY-6068, PWY-6069, PWY-6082,
PWY-6120, PWY-6121, PWY-6122, PWY-6123, PWY-6124, PWY-6133, PWY-6134, PWY-
6141, PWY-6143, PWY-6148, PWY-6151, PWY-6160, PWY-6173, PWY-6196, PWY-6219,
PWY-622, PWY-6220, PWY-6233, PWY-6273, PWY-6277, PWY-6281, PWY-6307, PWY-
6309, PWY-6313, PWY-6318, PWY-6320, PWY-6321, PWY-6322, PWY-6324, PWY-6328,
PWY-6334, PWY-6339, PWY-6343, PWY-6344, PWY-6345, PWY-6346, PWY-6375, PWY-
6376, PWY-6381, PWY-6386, PWY-6387, PWY-6397, PWY-6403, PWY-6407, PWY-6408,
PWY-6409, PWY-6431, PWY-6435, PWY-6444, PWY-6455, PWY-6456, PWY-6457, PWY-
6466, PWY-6471, PWY-6473, PWY-6481, PWY-6486, PWY-6493, PWY-6495, PWY-6511,
PWY-6512, PWY-6519, PWY-6533, PWY-6535, PWY-6536, PWY-6537, PWY-6543, PWY-
6549, PWY-6559, PWY-6562, PWY-6572, PWY-6573, PWY-6574, PWY-6578, PWY-6588,
PWY-6614, PWY-6627, PWY66-301, PWY66-375, PWY-6638, PWY066-391, PWY-6642,
PWY66-420, PWY66-421, PWY66-425, PWY66-426, PWY606-428, PWY-6643, PWY-6661,
PWY-6673, PWY-6682, PWY-6690, PWY-6696, PWY-6711, PWY-6717, PWY-6720, PWY-
6724, PWY-6728, PWY-6731, PWY-6735, PWY-6749, PWY-6769, PWY-6771, PWY-6772,
PWY-6773, PWY-6781, PWY-6784, PWY-6790, PWY-6791, PWY-6802, PWY-6807, PWY-
6808, PWY-6813, PWY-6815, PWY-6816, PWY-6817, PWY-6818, PWY-6821, PWY-6822,
PWY-6823, PWY-6831, PWY-6832, PWY-6834, PWY-6840, PWY-6845, PWY-6853, PWY-
6854, PWY-6855, PWY-6891, PWY-6892, PWY-6896, PWY-6898, PWY-6902, PWY-6907,
PWY-6908, PWY-6920, PWY-6922, PWY-6936, PWY-6942, PWY-6949, PWY-6953, PWY-
6955, PWY-6963, PWY-6964, PWY-6965, PWY-6968, PWY-6969, PWY-6981, PWY-6982,
PWY-6986, PWY-6994, PWY-7000, PWY-701, PWY-7014, PWY-7015, PWY-7016, PWY-
7018, PWY-7019, PWY-702, PWY-7022, PWY-7025, PWY-7028, PWY-7040, PWY-7046,
PWY-7052, PWY-7054, PWY-7064, PWY-7072, PWY-7088, PWY-7090, PWY-7097, PWY-
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7104, PWY-7115, PWY-7117, PWY-7118, PWY-7126, PWY-7147, PWY-7153, PWY-7158,
PWY-7176, PWY-7177, PWY-7185, PWY-7186, PWY-7219, PWY-7221, PWY-7234, PWY-
7246, PWY-7248, PWY-7250, PWY-7255, PWY-7274, PWY-7275, PWY-7282, PWY-7288,
PWY-7297, PWY-7304, PWY-7315, PWY-7316, PWY-7318, PWY-7342, PWY-7351, PWY-
7356, PWY-7376, PWY-7377, PWY-7383, PWY-7387, PWY-7397, PWY-7398, PWY-7400,
PWY-7414, PWY-7425, PWY-7430, PWY-7432, PWY-7440, PWY-7441, PWY-7456, PWY-
7467, PWY-7498, PWY-7501, PWY-7506, PWY-7510, PWY-7514, PWY-7518, PWY-7520,
PWY-7525, PWY-7531, PWY-7532, PWY-7533, PWY-7536, PWY-7542, PWY-7543, PWY-
7547, PWY-7549, PWY-7550, PWY-7555, PWY-7561, PWY-7565, PWY-7570, PWY-7571,
PWY-7600, PWY-7605, PWY-761, PWY-7612, PWY-7626, PWY-7645, PWY-7648, PWY-
7649, PWY-7650, PWY-7665, PWY-7667, PWY-7668, PWY-7669, PWY-7671, PWY-7674,
PWY-7688, PWY-7690, PWY-7693, PWY-7694, PWY-7701, PWY-7704, PWY-7706, PWY-
7708, PWY-7717, PWY-7718, PWY-7719, PWY-7733, PWY-7734, PWY-7735, PWY-7737,
PWY-7751, PWY-7761, PWY-7765, PWY-7767, PWY-7769, PWY-7770, PWY-7782, PWY-
7790, PWY-7791, PWY-7793, PWY-7797, PWY-7811, PWY-7814, PWY-7822, PWY-7824,
PWY-7826, PWY-7842, PWY-7850, PWY-7851, PWY-7855, PWY-7860, PWY-7861, PWY-
7863, PWY-7867, PWY-7870, PWY-7880, PWY-7888, PWY-7889, PWY-7891, PWY-7892,
PWY-7897, PWY-7901, PWY-7904, PWY-7907, PWY-7909, PWY-7910, PWY-7913, PWY-
7917, PWY-7930, PWY-7931, PWY-7936, PWY-7953, PWY-7955, PWY-7956, PWY-7957,
PWY-7958, PWY-7959, PWY-7960, PWY-7962, PWY-7977, PWY-7985, PWY-7986, PWY-
7987, PWY-7988, PWY-7990, PWY-8002, PWY-8003, PWY-8006, PWY-8007, PWY-8008,
PWY-8009, PWY-801, PWY-8010, PWY-8011, PWY-8013, PWY-8014, PWY-8015, PWY-
8016, PWY-8017, PWY-8024, PWY-8032, PWY-8040, PWY-8043, PWY-8045, PWY-8071,
PWY-8072, PWY-8080, PWY-8081, PWY-8082, PWY-8083, PWY-8086, PWY-8088, PWY-
842, PWY-861, PWY-862, PWY8J2-1, PWY8J2-22, PWYDQC-4, PWYG-321, PWY-IO,
PWYQT-4450, PWYQT-4476, PYRIDNUCSAL-PWY, PYRIDNUCSYN-PWY,
PYRIDOXSYN-PWY, SAM-PWY, SERDEG-PWY, SERSYN-PWY, SPHINGOLIPID-SYN-
PWY, TAURINEDEG-PWY, THRDLCTCAT-PWY, THREONINE-DEG2-PWY, TRNA-
CHARGING-PWY, TRPCAT-PWY, TRPIAACAT-PWY, TRPKYNCAT-PWY, TRPSYN-
PWY, TRYPDEG-PWY, TYRFUMCAT-PWY, TYRSYN, UDPNACETYLGALSYN-PWY,
UDPNAGSYN-PWY, VALDEG-PWY, and VALSYN-PWY.

[0009] In some embodiments, encoding the enzymes catalyzing all reactions of a MetaCyc
metabolic pathway can be determined by culturing the defined gut microbial community in vitro

and measuring whether a substrate in the pathway is metabolized, a metabolite in the pathway is
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produced, and/or a reaction intermediate in the pathway is produced by liquid chromatography-
mass spectrometry analysis. In some embodiments, encoding the enzymes catalyzing all
reactions of a MetaCyc metabolic pathway can be determined by administering the defined gut
microbial community to a gnotobiotic mouse and measuring whether a substrate in the pathway
is metabolized, a metabolite in the pathway is produced, and/or a reaction intermediate in the
pathway is produced after a defined period of time by liquid chromatography-mass spectrometry
analysis of a sample obtained from the mouse. In certain embodiments, the defined gut microbial
community is administered via a route selected from the group consisting of oral, rectal, fecal
(by enema), and naso/oro-gastric gavage. In certain embodiments, the defined period of time is
about 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 24 hours, 2 days, 7 days, 14 days, 1 month, or
2 months. In certain embodiments, the sample is selected from the group consisting of a fecal
sample, urine sample, blood sample, or serum sample.

[0010] In some embodiments, the at least 3 of 4 phyla comprise Bacteroidetes, Firmicutes,
and Actinobacteria. In certain embodiments, the high complexity defined gut microbial
community comprises Bacteroidetes, Firmicutes, Actinobacteria and Proteobacteria. In certain
embodiments, the defined microbial strains comprise phyla selected from the group consisting of
Bateriodales, Clostridiales, Lactobacillales, Negativicutes, Eggerthellales, Bifidobacteriales, and
Proteobacteria.

[0011] In some embodiments, the defined microbial strains comprise a genus selected from
the group consisting of: Acidaminococcus, Adlercreutzia, Akkermansia, Alistipes,
Anaerobutyricum, Anaerofustis, Anaerostipes, Anaerotruncus, Bacteroides, Parabacteroides,
Bifidobacterium, Bilophila, Blautia, Catenibacterium, Clostridium, Tyzzerella, Absiella,
Collinsella, Coprococcus, Dialister, Eubacterium, Holdemanella, Intestinibacter, Megasphaera,
Odoribacter, Parabacteroides, Granulicatella, Holdemania, Hungatella, Intestinimonas,
Solobacterium, Mitsuokella, Olsenella, Parabacteroides, Prevotella, Roseburia, Ruminococcus,
Slackia, Butyrivibrio, Subdoligranulum, Turicibacter, Butyricimonas, Streptococcus, Dorea,
Oscillibacter, Desulfovibrio, Ethanoligenens, Marvinbryantia, Lactobacillus, and
Faecalibacterium.

[0012] In some embodiments, the defined microbial strains are selected from the group
consisting of: Acidaminococcus fermentans, Acidaminococcus sp., Adlercreutzia equolifaciens,
Akkermansia muciniphila, Alistipes finegoldii, Alistipes indistinctus, Alistipes onderdonkii,
Anaerobutyricum hallii, Anaerofustis stercorihominis, Anaerostipes caccae, Anaerotruncus
colihominis, Bacteroides caccae, Bacteroides cellulosilyticus, Bacteroides coprocola,

Bacteroides coprophilus, Bacteroides dorei, Bacteroides eggerthii, Bacteroides finegoldii,
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Bacteroides fragilis, Bacteroides intestinalis, Bacteroides ovatus, Bacteroides rodentium,
Bacteroides thetaiotaomicron, Bacteroides xylanisolvens, Parabacteroides distasonis,
Bacteroides dorea, Bacteroides stercoris, Bacteroides uniformis, Bacteroides vulgatus,
Bifidobacterium pseudocatenulatum, Bilophila wadsworthia, Blautia hansenii, Blautia
hydrogenotrophica, Blautia obeum, Blautia sp., Blautia wexlerae, Catenibacterium mitsuokai,
Clostridium asparagiforme, Clostridium hylemonae, Clostridium leptum, Tyzzerella nexilis,
Clostridium saccharolyticum, Absiella dolichum, Collinsella aerofaciens, Collinsella stercoris,
Coprococcus comes, Dialister invisus, Eubacterium rectale, Eubacterium siraeum, Eubacterium
ventriosum, Coprococcus eutactus, Holdemanella biformis, Intestinibacter bartlettii,
Megasphaera sp., Odoribacter splanchnicus, Parabacteroides merdae, Parabacteroides sp.,
Granulicatella adiacens, Holdemania filiformis, Hungatella hathewayi, Intestinimonas
butyriciproducens, Solobacterium moorei, Mitsuokella multacida, Olsenella uli, Parabacteroides
johnsonii, Prevotella buccalis, Prevotella copri, Roseburia inulinivorans, Clostridium sp.,
Ruminococcus gauvreauii, Ruminococcus lactaris, Ruminococcus torques, Alistipes putredinis,
Alistipes senegalensis, Clostridium spiroforme, Slackia exigua, Bacteroides pectinophilus,
Butyrivibrio crossotus, Subdoligranulum variabile, Turicibacter sanguinis, Bifidobacterium
breve, Bifidobacterium catenulatum, Butyricimonas virosa, Streptococcus salivarius subsp.
thermophilus, Dorea formicigenerans, Bacteroides plebeius, Ruminococcus gnavus, Oscillibacter
sp., Clostridium sp., Slackia heliotrinireducens, Desulfovibrio piger, Clostridium
methylpentosum, Ethanoligenens harbinense, Marvinbryantia formatexigens, Lactobacillus
ruminis, Clostridium bolteae, Clostridium hiranonis, Clostridium scindens, Clostridium sp.,
Clostridium orbiscindens, Alistipes shahii, and Faecalibacterium prausnitzii.

[0013] In certain embodiments, the defined microbial strains are selected from the group
consisting of: Acidaminococcus fermentans -- VR4, Acidaminococcus sp. -- D21, Adlercreutzia
equolifaciens -- FJC-B9, Akkermansia muciniphila -- Muc [CIP 107961], Alistipes finegoldii --
AHN 2437, Alistipes indistinctus -- JCM 16068, YIT 12060, Alistipes onderdonkii -- WAL
8169, Anaerobutyricum hallii -- VPI B4-27, Anaerofustis stercorihominis -- ATCC BAA-858,
CCUG 47767, CIP 108481, WAL 14563, Anaerostipes caccae -- L1-92, Anaerotruncus
colihominis -- 277, Bacteroides caccae -- VPI 3452A [CIP 104201T, JCM 9498], Bacteroides
cellulosilyticus -- CRE21, CCUG 44979, Bacteroides coprocola -- M 16, Bacteroides coprophilus
-- CB42, JCM 13818, Bacteroides dorei -- 175, Bacteroides dorei -- 5 1 36/D4, Bacteroides
eggerthii -- ATCC 27754, NCTC 11155, Bacteroides finegoldii -- 199, Bacteroides fragilis --

3 1 12, Bacteroides intestinalis -- 341, Bacteroides ovatus -- NCTC 11153, Bacteroides
rodentium -- ST28, CCUG 59334, JCM 16469, Bacteroides thetaiotaomicron -- 1 1 6,
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Bacteroides fragilis -- 2 1 16, Bacteroides xylanisolvens -- 2 1 22, Parabacteroides distasonis -
-3 1 19, Bacteroides dorea -- 9 1 42FAA, Bacteroides ovatus -- D2, Bacteroides stercoris --
VPIB3-21, ATCC 43183, CIP 104203, JCM 9496, Bacteroides thetaiotaomicron -- VPI 5482
[CIP 104206T, E50, NCTC 10582], Bacteroides uniformis -- ATCC 8492, Bacteroides vulgatus
-- NCTC 11154, Bifidobacterium pseudocatenulatum -- B1279, ATCC 27919, Bilophila
wadsworthia -- WAL 7959 [Lab 88-130H], Blautia hansenii -- VPI C7-24, Blautia
hydrogenotrophica -- S5a33, Blautia obeum -- ATCC 29174, KCTC 15206, VPI B3-21, Blautia
sp. -- KLE 1732, Blautia wexlerae -- ATCC BAA-1564, JCM 17041, KCTC 5965, WAL 14507,
Catenibacterium mitsuokai -- RCA14-39, CIP 106738, JCM 10609, Clostridium asparagiforme -
- N6, CCUG 48471, Clostridium hylemonae -- TN-271, JCM 10539, Clostridium leptum -- VPI
T7-24-1, ATCC 29065, Tyzzerella nexilis DSM 1787, Clostridium saccharolyticum -- WMI,
ATCC 35040, NRC 2533, Absiella dolichum DSM 3991, Collinsella aerofaciens -- VPI 1003
[DSM 3979, JCM 10188], Collinsella stercoris -- RCA 55-54, JCM 10641, Coprococcus comes -
- VPI CI-38, Dialister invisus -- E7.25, CCUG 47026, Eubacterium rectale -- VPI 0990 [CIP
105953], Eubacterium siraeum -- VPI T9-50-2, ATCC 29066, DSM 3996, Eubacterium
ventriosum -- VPI 1013B, Coprococcus eutactus -- VPI C33-22, Holdemanella biformis -- VPI
C17-5, ATCC 27806, KCTC 5969, Intestinibacter bartlettii -- WAL 16138, ATCC BAA-827,
CCUG 48940, Megasphaera sp. -- Sanger 24, Sanger 24, Odoribacter splanchnicus -- 1651/6,
ATCC 29572, CCUG 21054, CIP 104287, LMG 8202, NCTC 10825, Parabacteroides distasonis
-- NCTC 11152, Parabacteroides merdae -- VPI T4-1, ATCC 43184, CCUG 38734, CIP 104202,
JCM 9497, Parabacteroides sp. -- D13, Granulicatella adiacens -- GaD [CIP 103243, DSM
9848], Holdemania filiformis -- VPIJ1-31B-1, ATCC 51649, Hungatella hathewayi -- 1313,
CCUG 435006, CIP 109440, MTCC 10951, Intestinimonas butyriciproducens -- SRB-521-5-1,
CCUG 63529, Solobacterium moorei -- RCA59-74, CIP 106864, JCM 10645, Mitsuokella
multacida -- A 405-1, ATCC 27723, NCTC 10934, Olsenella uli -- D76D-27C, ATCC 49627,
CIP 109912, Parabacteroides johnsonii -- M-165, CIP 109537, JCM 13406, Prevotella buccalis -
- HS4, ATCC 35310, NCDO 2354, Prevotella copri -- CB7, JCM 13464, Roseburia
inulinivorans -- A2-194, CIP 109405, JCM 17584, NCIMB 14030, Clostridium sp. -- VPI C48-
50 (unassigned Clostridiales), Ruminococcus gauvreauii -- CCRI-16110, CCUG 54292, JICM
14987, NML 060141, Ruminococcus lactaris -- VPI X6-29, Ruminococcus torques -- VPI B2-
51, Alistipes putredinis -- CCUG 45780, CIP 104286, ATCC 29800, Carlier 10203, VPI 3293,
Alistipes senegalensis -- CSUR P150, JCM 32779, JC50, Clostridium spiroforme -- VPI C28-23-
1A, ATCC 29900, NCTC 11211, Slackia exigua -- S-7, ATCC 700122, JCM 11022, KCTC
5966, Bacteroides pectinophilus -- N3, Butyrivibrio crossotus -- T9-40A, ATCC 29175,
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Subdoligranulum variabile -- BI-114, CCUG 47106, Turicibacter sanguinis -- MOL361, NCCB
100008, Bifidobacterium breve -- S1, ATCC 15700, NCTC 11815, Bifidobacterium catenulatum
--B669, ATCC 27539, CECT 7362, CIP 104175, DSM 20103, Butyricimonas virosa -- MT12,
CCUG 56611, JCM 15149, Streptococcus salivarius subsp. thermophilus -- LMD-9, Dorea
formicigenerans -- VPI C8-13 [JCM 9500], Bacteroides plebeius -- M12, Ruminococcus gnavus
-- VPI C7-9, Oscillibacter sp. -- KLE 1728, Clostridium sp. -- M62/1, Slackia heliotrinireducens
--RHS 1, ATCC 29202, NCTC 11029, Desulfovibrio piger -- VPI C3-23 [DSM 749],
Clostridium methylpentosum -- R2, ATCC 43829, Ethanoligenens harbinense -- YUAN-3,
CGMCC 1.5033, JCM 12961, Marvinbryantia formatexigens -- [-52, CCUG 46960,
Lactobacillus ruminis -- E 194e, Clostridium bolteae -- WAL 16351, [CCUG 46953], ATCC
BAA-613, Song et al. 2003, Clostridium hiranonis -- TO-931, JCM 10541, KCTC 15199,
Clostridium scindens -- VPI 13733, ATCC 35704, 19, Bacteroides xylanisolvens -- XB1A,
CCUG 53782, Clostridium sp. -- L2-50, Clostridium orbiscindens -- 1 3 S0AFAA, Alistipes
shahii -- WAL 8301, and Faecalibacterium prausnitzii -- A2-165, JCM 31915.

[0014] In some embodiments, the defined gut microbial community comprises
Acidaminococcus, Adlercreutzia, Akkermansia, Anaerostipes, Anaerotruncus, Bacteroides,
Bifidobacterium, Bilophila, Blautia, Butyrivibrio, Clostridium, Collinsella, Coprococcus,
Desulfovibrio, Eggerthella, Eubacterium, Faecalibacterium, Marvinbryantia, Mitsuokella,
Odoribacter, Parabacteroides, Roseburia, Ruminococcus, Slackia, and Solobacterium. In certain
embodiments, the defined gut microbial community comprises Acidaminococcus fermentans,
Adlercreutzia equolifaciens, Akkermansia muciniphila, Anaerostipes caccae, Anaerotruncus
colihominis, Bacteroides caccae, Bacteroides cellulosilyticus, Bacteroides dorei, Bacteroides
eggerthii, Bacteroides fragilis, Bacteroides intestinalis, Bacteroides ovatus, Bacteroides
pectinophilus, Bacteroides plebeius, Bacteroides stercoris, Bacteroides thetaiotaomicron,
Bacteroides uniformis, Bacteroides vulgatus, Bifidobacterium breve, Bifidobacterium
catenulatum, Bifidobacterium pseudocatenulatum, Bilophila wadsworthia, Blautia hansenii,
Blautia hydrogenotrophica, Butyrivibrio crossotus, Clostridium asparagiforme, Clostridium
hiranonis, Clostridium hylemonae, Clostridium leptum, Clostridium orbiscindens, Clostridium
saccharolyticum, Clostridium scindens, Collinsella aerofaciens, Coprococcus comes,
Desulfovibrio piger, Eggerthella lenta, Eubacterium rectale, Eubacterium siraeum, Eubacterium
ventriosum, Faecalibacterium prausnitzii, Marvinbryantia formatexigens, Mitsuokella multacida,
Odoribacter splanchnicus, Parabacteroides distasonis, Parabacteroides johnsonii, Parabacteroides
merdae, Roseburia inulinivorans, Ruminococcus gnavus, Ruminococcus lactaris, Ruminococcus

torques, Slackia exigua, and Solobacterium moorei.
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[0015] In certain embodiments, the defined gut microbial community comprises
Acidaminococcus fermentans -- VR4, Acidaminococcus sp. -- D21,Adlercreutzia equolifaciens --
FJC-B9,Akkermansia muciniphila -- Muc [CIP 107961],Alistipes finegoldii -- AHN

2437 Alistipes indistinctus -- JCM 16068, YIT 12060, Alistipes onderdonkii -- WAL

8169, Anaerobutyricum hallii -- VPI B4-27, Anaerofustis stercorihominis -- ATCC BAA-858,
CCUG 47767, CIP 108481, WAL 14563,Anaerostipes caccae -- L.1-92, Anaerotruncus
colihominis -- 277 Bacteroides caccae -- VPI 3452A [CIP 104201T, JCM 9498],Bacteroides
cellulosilyticus -- CRE21, CCUG 44979,Bacteroides coprocola -- M16,Bacteroides coprophilus
-- CB42, JCM 13818,Bacteroides dorei -- 175,Bacteroides dorei -- 5 1 36/D4,Bacteroides
eggerthii -- ATCC 27754, NCTC 11155,Bacteroides finegoldii -- 199,Bacteroides fragilis --

3 1 12 Bacteroides intestinalis -- 341,Bacteroides ovatus -- NCTC 11153,Bacteroides
rodentium -- ST28, CCUG 59334, JCM 16469 Bacteroides thetaiotaomicron --

1 1 6,Bacteroides fragilis -- 2 1 16,Bacteroides xylanisolvens -- 2 1 22 Parabacteroides
distasonis -- 3 1 19,Bacteroides dorea -- 9 1 42FAA Bacteroides ovatus -- D2 Bacteroides
stercoris -- VPI B3-21, ATCC 43183, CIP 104203, JCM 9496,Bacteroides thetaiotaomicron --
VPI 5482 [CIP 104206T, E50, NCTC 10582] Bacteroides uniformis -- ATCC 8492 Bacteroides
vulgatus -- NCTC 11154,Bifidobacterium pseudocatenulatum -- B1279, ATCC 27919 Bilophila
wadsworthia -- WAL 7959 [Lab 88-130H],Blautia hansenii -- VPI C7-24 Blautia
hydrogenotrophica -- S5a33,Blautia obeum -- ATCC 29174, KCTC 15206, VPI B3-21,Blautia
sp. -- KLE 1732 Blautia wexlerae -- ATCC BAA-1564, JCM 17041, KCTC 5965, WAL

14507, Catenibacterium mitsuokai -- RCA14-39, CIP 106738, JCM 10609,Clostridium
asparagiforme -- N6, CCUG 48471,Clostridium hylemonae -- TN-271, JCM 10539,Clostridium
leptum -- VPI T7-24-1, ATCC 29065, Tyzzerella nexilis DSM 1787,Clostridium saccharolyticum
-- WMI1, ATCC 35040, NRC 2533, Absiella dolichum DSM 3991, Collinsella aerofaciens -- VPI
1003 [DSM 3979, JCM 10188],Collinsella stercoris -- RCA 55-54, JCM 10641,Coprococcus
comes -- VPI CI-38 Dialister invisus -- E7.25, CCUG 47026,Eubacterium rectale -- VPI 0990
[CIP 105953],Eubacterium siraeum -- VPI T9-50-2, ATCC 29066, DSM 3996, Eubacterium
ventriosum -- VPI 1013B,Coprococcus eutactus -- VPI C33-22 Holdemanella biformis -- VPI
C17-5, ATCC 27806, KCTC 5969, Intestinibacter bartlettii -- WAL 16138, ATCC BAA-827,
CCUG 48940,Megasphaera sp. -- Sanger 24, Sanger 24,0doribacter splanchnicus -- 1651/6,
ATCC 29572, CCUG 21054, CIP 104287, LMG 8202, NCTC 10825,Parabacteroides distasonis
-- NCTC 11152 Parabacteroides merdae -- VPI T4-1, ATCC 43184, CCUG 38734, CIP 104202,
JCM 9497 Parabacteroides sp. -- D13,Granulicatella adiacens -- GaD [CIP 103243, DSM
9848],Holdemania filiformis -- VPI J1-31B-1, ATCC 51649,Hungatella hathewayi -- 1313,
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CCUG 435006, CIP 109440, MTCC 10951, Intestinimonas butyriciproducens -- SRB-521-5-1,
CCUG 63529,Solobacterium moorei -- RCAS59-74, CIP 106864, JCM 10645, Mitsuokella
multacida -- A 405-1, ATCC 27723, NCTC 10934,0Olsenella uli -- D76D-27C, ATCC 49627,
CIP 109912 Parabacteroides johnsonii -- M-165, CIP 109537, JCM 13406,Prevotella buccalis --
HS4, ATCC 35310, NCDO 2354,Prevotella copri -- CB7, JCM 13464, Roseburia inulinivorans --
A2-194, CIP 109405, JCM 17584, NCIMB 14030,Clostridium sp. -- VPI C48-50 (unassigned
Clostridiales),Ruminococcus gauvreauii -- CCRI-16110, CCUG 54292, JCM 14987, NML
060141,Ruminococcus lactaris -- VPI X6-29,Ruminococcus torques -- VPI B2-51,Alistipes
putredinis -- CCUG 45780, CIP 104286, ATCC 29800, Carlier 10203, VPI 3293, Alistipes
senegalensis -- CSUR P150, JCM 32779, JC50,Clostridium spiroforme -- VPI C28-23-1A,
ATCC 29900, NCTC 11211,Slackia exigua -- S-7, ATCC 700122, JCM 11022, KCTC
5966,Bacteroides pectinophilus -- N3,Butyrivibrio crossotus -- T9-40A, ATCC
29175,Subdoligranulum variabile -- BI-114, CCUG 47106, Turicibacter sanguinis -- MOL361,
NCCB 100008, Bifidobacterium breve -- S1, ATCC 15700, NCTC 11815,Bifidobacterium
catenulatum -- B669, ATCC 27539, CECT 7362, CIP 104175, DSM 20103,Butyricimonas
virosa -- MT12, CCUG 56611, JCM 15149,Streptococcus salivarius subsp. thermophilus --
LMD-9,Dorea formicigenerans -- VPI C8-13 [JCM 9500],Bacteroides plebeius --

M 12 Ruminococcus gnavus -- VPI C7-9,0scillibacter sp. -- KLE 1728, Clostridium sp. --
M62/1,Slackia heliotrinireducens -- RHS 1, ATCC 29202, NCTC 11029,Desulfovibrio piger --
VPI C3-23 [DSM 749],Clostridium methylpentosum -- R2, ATCC 43829, Ethanoligenens
harbinense -- YUAN-3, CGMCC 1.5033, JCM 12961, Marvinbryantia formatexigens -- [-52,
CCUG 46960,Lactobacillus ruminis -- E 194e,Clostridium bolteae -- WAL 16351, [CCUG
46953], ATCC BAA-613, Song et al. 2003,Clostridium hiranonis -- TO-931, JCM 10541, KCTC
15199,Clostridium scindens -- VPI 13733, ATCC 35704, 19,Bacteroides xylanisolvens -- XB1A
CCUG 53782,Clostridium sp. -- L2-50,Clostridium orbiscindens -- 1 3 SO0AFAA,Alistipes
shahii -- WAL 8301, and Faecalibacterium prausnitzii -- A2-165, JCM 31915.

2

[0016] In some embodiments, community stability is characterized by up to 10% of the
defined microbial strains dropping out following the microbial challenge. In some embodiments,
community stability is characterized by the appearance of up to 10% of new strains contributed
from the human fecal community appearing following the microbial challenge. In certain
embodiments, at least 50% of the defined microbial strains are detectable following the
microbial challenge. In certain embodiments, at least 60% of the defined microbial strains are
detectable following the microbial challenge. In certain embodiments, at least 70% of the

defined microbial strains are detectable following the microbial challenge. In certain

12



10

15

20

25

30

WO 2021/237162 PCT/US2021/033762

embodiments, at least 80% of the defined microbial strains are detectable following the
microbial challenge. In certain embodiments, at least 90% of the defined microbial strains are
detectable following the microbial challenge. In certain embodiments, at least 95% of the
defined microbial strains are detectable following the microbial challenge. In certain
embodiments, at least 99% of the defined microbial strains are detectable following the
microbial challenge.

[0017] In some embodiments, community stability is characterized by metagenomic analysis
of a fecal sample obtained from the mouse following the microbial challenge. In certain
embodiments, the metagenomic analysis is selected from whole genome sequencing, ribosomal
gene sequencing, or ribosomal RNA sequencing. In certain embodiments, the whole genome
sequencing is whole genome shotgun sequencing.

[0018] In some aspects of the above embodiments, the defined gut microbial community
comprises between 100 and 200 defined microbial strains. In some embodiments, the defined gut
microbial community comprises between 100 and 150 defined microbial strains.

[0019] In some aspects of the above embodiments, each defined microbial strain is
molecularly identified. In some embodiments, the molecular identification comprises
identification of a nucleic acid sequence that uniquely identifies each of the defined microbial
strains. In certain embodiments, the nucleic acid sequence comprises a 16S rRNA sequence. In
certain embodiments, the nucleic acid sequence comprises a whole genomic sequence. In certain
embodiments, the molecular identification comprises Matrix-Assisted Laser
Desorption/Ionization Time-Of-Flight Mass Spectrometry.

[0020] In another aspect, provided herein is a method of treating an animal having a
dysbiosis or pathological condition comprising administering a high-complexity defined gut
microbial community according to any of the above embodiments. In certain embodiments, the
animal is a mammal. In certain embodiments, the animal is a human. In certain embodiments,
the high-complexity defined gut microbial community is administered via a route selected from
the group consisting of oral, rectal, fecal (by enema), and naso/oro-gastric gavage.

[0021] In another aspect, provided herein is a method of making a high-complexity defined
gut microbial community, wherein each of the plurality of defined microbial strains is
individually cultured then combined to form the defined gut microbial community.

[0022] In another aspect, provided herein is a method of making a high-complexity defined
gut microbial community, wherein all of the plurality of defined microbial strains are cultured

together to form the defined gut microbial community.
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[0023] In another aspect, provided herein is a method of making a high-complexity defined
gut microbial community, wherein one or more of the plurality of defined microbial strains is
individually cultured and two or more of the defined microbial strains are cultured together, and
wherein the individually cultured defined microbial strains and the co-cultured defined microbial
strains are combined together to form the defined gut microbial community.

[0024] In another aspect, provided herein is a formulation comprising the high-complexity

defined gut microbial community and a pharmaceutically acceptable carrier or excipient.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025] FIGURE 1 is a schematic illustrating a workflow to preparing a high-complexity
defined gut microbial community.
[0026] FIGURE 2 shows the relative abundance of microbial strains in mice colonized with
a high-complexity defined microbial community and challenged with fecal samples prepared
from 3 different human donors.
[0027] FIGURE 3A shows a schematic of a treatment schedule of gnotobiotic mice
colonized with human fecal samples, inoculated with C. difficile, and treated with a high-
complexity defined gut microbial community. FIGURE 3B shows a dot plot of C. difficile
concentrations in the stool of mice treated in accordance with the treatment schedule of FIGURE
3A.
[0028] FIGURE 4 shows bar graphs of bile acid concentrations in stool (FIGURE 4A) and
cecum (FIGURE 4B) from mice treated with human stool sample or high-complexity defined gut
microbial community.
[0029] FIGURE 5 shows bar graphs of metabolite concentrations in urine samples from mice

treated with human stool sample or high-complexity defined gut microbial community.

DETAILED DESCRIPTION
1. Definitions
[0030] The term “a” and “an” as used herein mean “one or more” and include the plural
unless the context is appropriate.
[0031] As used herein, "abundance" of a specific gut microorganism refers to the number of
individual organisms in an individual animal's gut. Abundance can be described as a proportion
of the total gut population (e.g., number of organisms relative to the total gut population, the

mass of the organism relative to the mass of the total gut population).
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[0032] As used herein, “animal” refers to an organism to be treated with a microbial
community, e.g., a high-complexity defined gut microbial community. Animals include, but are
not limited to, mammals (e.g., murines, simians, equines, bovines, porcines, canines, felines,
and the like), and more preferably include humans.

[0033] As used herein, “dysbiosis” refers to a state of a microbiome of the gut of an animal
in which normal diversity and/or function is perturbed. In some instances, dysbiosis may be
attributed to a decrease in the diversity of the gut microbiota, overabundance of one or more
pathogens or pathobionts, or presence of pathogenic symbionts.

[0034] As used herein, the term “effective amount” refers to an amount sufficient to achieve
a beneficial or desired result.

[0035] As used herein, a "humanized mouse" refers to a mouse with a human gut
microbiome. A humanized mouse can be produced by removing the mouse's gut flora (e.g., by
administering PEG-3350 and electrolytes, e.g., GOLYTELY® (Braintree Laboratories, Inc.,
Braintree, MA)) and/or administering broad spectrum antibiotics, and colonizing the mouse with
a preparation of microorganisms from human feces. A humanized mouse can also refer to a
gnotobiotic mouse that has been colonized with a human fecal sample. In some embodiments,
the gut of the humanized mouse can be flushed (e.g., by administration of PEG-3350) before
inoculation with a high-complexity gut microbial community described herein.

[0036] As used herein, an “isogenic gnotobiotic control mouse” refers to a mouse used as an
experimental control that shares the same genotype as a mouse receiving administration of a
microbial community, e.g., a high-complexity defined gut microbial community, but to which a
vehicle control, or other experimental negative control, has been administered.

[0037] As used herein, the term “pharmaceutically acceptable carrier” refers to any of the
standard pharmaceutical carriers, such as phosphate buffered saline (PBS) solution, water,
emulsions (e.g., such as oil/water or water/oil emulsions), and various types of wetting agents.
The compositions also can include stabilizers and preservatives. For examples of carriers,
stabilizers, and adjuvants, see e.g., Martin, Remington’s Pharmaceutical Sciences, 15% Ed. Mack
Publ. Co., Easton, PA [1975].

[0038] As used herein, “prevalence” of a gut microorganism refers to the frequency (e.g.,
number of individuals in a population) at which the organism is found in the human gut.

[0039] As used herein, “significantly” or “significant” refers to a change or alteration in a
measurable parameter to a statistically significant degree as determined in accordance with an

appropriate statistically relevant test. For example, in some embodiments, a change or alteration
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is significant if it is statistically significant in accordance with, e.g., a Student’s t-test, chi-square,
or Mann Whitney test.

[0040] As used herein, “minimal difference” refers to a change or alteration in a measurable
parameter to a degree that is not statistically significant as determined in accordance with an
appropriate statistically relevant test. For example, in some embodiments, a change or alteration
is minimally different if it is not statistically significant in accordance with, e.g., a Student’s t-
test, chi-square, or Mann Whitney test.

[0041] As used herein, the term “metabolizing a substrate” means that a measurable
reduction in the amount of the substrate can be demonstrated following contacting of the
substrate with a microbial community, in vivo or in vitro, as compared to contacting with a
vehicle control. In embodiments, the reduction in amount is determined using mass
spectrometry. In embodiments, the contacting in vivo is achieved through introduction of the
community into a gnotobiotic organism such as, e.g., a gnotobiotic mouse.

[0042] As used herein, the term “producing a metabolite” means that a measurable increase
in the amount of the metabolite can be demonstrated following contacting one or more
metabolite precursor molecules with a microbial community, iz vivo or in vitro, as compared to
contacting with a vehicle control. In embodiments, the increase in amount is determined using
mass spectrometry. In embodiments, the contacting in vivo is achieved through introduction of

the community into a gnotobiotic organism such as, e.g., a gnotobiotic mouse.

2. Fecal Microbiota Transplantation

[0043] Fecal microbiota transplantation (FMT) is remarkable in two ways that suggest its
generality: 1) there has been a very low rate of acute adverse events, suggesting that this
modality 1s likely to be generally safe; and 2) even though no concerted effort has been made to
optimize the process of engraftment, it already works quite well for treating certain conditions.
Taken together, these observations suggested to the inventors that, counterintuitively, one single
community could in principle be transplanted stably into the gut of millions of patients and
administration of a high-complexity defined gut microbial community may be safer and more
predictable than seemingly simpler perturbations to the gut (e.g., addition or removal of one or a
few strains). This is exciting, since administration of a high-complexity defined gut microbial
community would be the biggest 'lever' one could pull in terms of controlling human biology
linked to the microbiota. However, the current state of the art is fecal transplantation, which

cannot be scaled. This calls for a new technology that enables the design and assembly of
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transplantable communities that are, on the one hand, completely defined, and on the other hand,

approach the complexity of a native gut community.

3. Microbial Communities

[0044] As used herein, “community” or “microbial community” refers to a physical
combination of a plurality of different microorganisms, usually a plurality of different bacterial
strains, sometimes comprising one or more strains or archaea. A naturally occurring gut
microbiome is one example of a community. An artificially created mixture of strains of known
identity is another example of a community. A defined gut microbial community is yet another
example of a community. As used herein, a “defined gut microbial community” means a
combined plurality of microbial strains for engraftment in a gut of an animal wherein each
microbial strain has been molecularly identified.

[0045] As used herein, a “microbial strain” refers to a type or sub-type of a microbe. As
used herein, a “defined microbial strain” is a microbial strain that has been molecularly
identified; e.g., a microbial strain whose whole genome has been sequenced. As used herein, a
“plurality of defined microbial strains” means two or more microbial strains from two or more
distinct microbial species. In some embodiments, multiple microbial strains in a plurality may
represent a single microbial species.

[0046] As used herein, “complexity” means the number of strains in a community without
regard to abundance. A community comprising 50 strains is more complex than a community
comprising 15 strains. As used herein, “high-complexity” means a community having at least 40
defined microbial strains. In some embodiments, a high-complexity community comprises
between 40 and 500, between 40 and 400, between 40 and 300, between 40 and 200, between 40
and 150, between 40 and 140, between 40 and 130, between 40 and 120, between 40 and 110,
between 40 and 100, between 50 and 500, between 50 and 400, between 50 and 300, between 50
and 200, between 50 and 150, between 50 and 140, between 50 and 130, between 50 and 120,
between 50 and 110, between 50 and 100, between 60 and 500, between 60 and 400, between 60
and 300, between 60 and 200, between 60 and 150, between 60 and 140, between 60 and 130,
between 60 and 120, between 60 and 110, between 60 and 100, between 70 and 500, between 70
and 400, between 70 and 300, between 70 and 200, between 70 and 150, between 70 and 140,
between 70 and 130, between 70 and 120, between 70 and 110, between 70 and 100, between 80
and 500, between 80 and 400, between 80 and 300, between 80 and 200, between 80 and 150,
between 80 and 140, between 80 and 130, between 80 and 120, between 80 and 110, between 80
and 100, between 90 and 500, between 90 and 400, between 90 and 300, between 90 and 200,
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between 90 and 150, between 90 and 140, between 90 and 130, between 90 and 120, between 90
and 110, between 90 and 100, between 100 and 500, between 100 and 400, between 100 and
300, between 100 and 200, between 100 and 150, between 100 and 140, between 100 and 130,

between 100 and 120, or between 100 and 110 defined microbial strains.

3.1. Culturing Microbial Strains and Communities

[0047] As used herein, “culture” (and grammatical variants thereof, e.g., "cultured," and
“culturing”) refers to the maintenance and/or growth of a microbial strain or microbial
community in a liquid medium, or on a solid medium. For example, in some embodiments,
culturing of purchased microbial strains is performed in accordance with the manufacturer’s
instructions.

[0048] As used herein, “aliquot,” refers to an in vitro bacterial population that is physically
separated from other populations for storage, culture, analysis and the like. “Aliquot” may refer
to separate populations in vessels, compartments, tubes, wells of multiwell plates, emulsion
clonal, such as a stock of a strain isolate, or may be a mixture of strains, such as an artificial
community or defined gut microbial community.

[0049] In certain embodiments, microbial strains or microbial communities are maintained
or grown in specially formulated media such as the media described in any one of Tables 1-6

below.

TABLE 1 - MEDIUM A

Component Amount Final
(in 500 mL) Concentration
Trypticase™ 5g 1% (W/v)
Peptone
Yeast Extract 25¢g 0.5% (wW/v)
D-(+)-Glucose lg 0.2% (wW/v)
L-Cysteine 025¢ 0.05% (w/v)
hydrochloride
IM Potassium 50 mL 10% (v/v)
phosphate
buffer, pH 7.2™
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TYG Salts 20 mL 4% (W/v)
solution™
Vitamin K 500 pL of 1 0.000001%
solution™ mg/mL (W/v)
0.8% (W/v) 500 uL
CaCly"”
FeSO4- 7 H,0™ | 500 uL of 0.4
mg/mL
Resazurin™ 2mL of 0.25 0.000001%
mg/mL (W/v)
Histidine — 500 pl
Hematin™*
D-(+)- 05¢g 0.1% (wW/v)
Cellobiose
D-(+)-Maltose 05g 0.1% (wW/v)
monohydrate
D-(-)-Fructose 05g 0.1% (wW/v)
Soluble starch™ | 12.5 mL of 2% 0.05% (W/v)
(W/v)
Tween 80 I mL of 25% 0.05% (v/v)
(v/v)
Meat extract 25¢g 0.5% (wW/v)
Trace Mineral 5mL 1% (v/v)
Supplement
Vitamin 5mL 1% (v/v)
Supplement
SCFA 1.4 mL 0.28% (v/v)
supplement””
Milli-Q water 150 mL
(dH,0)"
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Component Amount Final
(in 1000 mL) Concentration
Lean Ground 500 g 50% (w/v)
Beef (Fat Free)
NaOH 25 mL 2.5% (v/v)
Casitone 30g 3% (w/v)
Yeast Extract 5g 0.5% (wW/v)
K>HPO4 5g 0.5% (W/v)
Resazurin 1 mg 0.01% (w/v)
(+) Haemin 10.0 mL 1% (v/v)
Solution [1 mL
IN NaOH in 100
mL of dH»O]
() Vitamin K4 10.0 mL 1% (v/v)
Solution [0.1 mL
Vitamin K in 20
mL of 95%
Ethanol] or
Vitamin K3
Solution [0.05
mg/mL Vitamin
K3 ub 95%
Ethanol]
NaHCOs3 lg 0.1% (wW/v)
Milli-Q water To Final
(dH,0)" Volume of 1000
mL
pH adjusted to 7.2
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Component Amount Final
(in 1000 mL) Concentration
Trypticase 5g 0.5% (W/v)
Peptone
Peptone 5g 0.5% (W/v)
Yeast Extract 10g 1% (wW/v)
Beef Extract 5g 0.5% (wW/v)
Glucose 5g 0.5% (W/v)
K>HPO4 2¢g 0.2% (W/v)
Tween-80 1 mL 0.1% (v/v)
Cysteine-HCI x 05g 0.05% (w/v)
H,O
Resazurin 1 mg 0.01% (w/v)
Salt Solution 40 mL 4% (v/v)
[0.25 g CaCly x
2H0,05¢
MgSO4 x 7 H0,
1 g KoHPO4, 1 g
KH;PO4, 10 g
NaHCOs,2 g
NaCl, to 1000
mL in dH»O]
Haemin Solution 10.0 mL 1% (v/v)
[1 mL IN NaOH
in 100 mL of
dH>0]
Vitamin K, 0.2 mL 0.02% (v/v)
Solution [0.1 mL
Vitamin K in 20
mL of 95%
Ethanol]

21




WO 2021/237162

PCT/US2021/033762

TABLE 4 - MEDIUM D

Milli-Q water To Final
(dH,0)" Volume of 1000
mL
pH adjusted to 7.2 using 8N NaOH
Component Amount Final
(in 1000 mL) Concentration
Tryptose 10g 1% (wW/v)
Beef Extract 10g 1% (wW/v)
Yeast Extract 3g 0.3% (wW/v)
Dextrose 5g 0.5% (wW/v)
NaCl 5g 0.5% (wW/v)
Soluble Starch lg 0.1% (wW/v)
L-Cysteine HCI 05g 0.05% (v/v)
Sodium Acetate 3g 0.3% (wW/v)
Resazurin 4 mL 0.0001% (wW/v)
(0.025%)
Milli-Q water To Final
(dH,0)" Volume of 1000
mL

pH adjusted to 6.8

TABLE S - MEDIUM F

Component Amount Final
(in 1000 mL) Concentration
Casein peptone, 10g 1% (wW/v)
tryptic digest
Yeast Extract 5g 0.5% (wW/v)
Meat Extract 5g 0.5% (wW/v)
Bacto Soytone 5g 0.5% (wW/v)
Glucose 10g 1% (wW/v)
K>HPO4 2¢g 0.2% (wW/v)
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MgSOs4 x 7 H20 02g 0.02% (w/v)
MnSO; x H>O 005¢g 0.005% (wW/v)
Tween 80 1 ml 0.1% (v/v)
NaCl 5g 0.5% (wW/v)
Cysteine-HCI x 05g 0.05% (w/v)
H,O
Salt Solution 40 mL 4% (v/v)
[0.25 g CaClz x
2H0,05¢
MgSO0, x 7 H>0,
1 g KoHPO4, 1 g
KH;PO4, 10 g
NaHCOs,2 g
NaCl, to 1000
mL in dH»O]
Resazurin (25 4 mL 0.01% (w/v)
mg/100 mL)
Milli-Q water To Final
(dH,0)" Volume of 1000
mL

pH adjusted to 6.8 using 8N NaOH

TABLE 6 — YCFAC Broth

Component Amount Final
(in 1000 mL) Concentration
Casitone 10g 1% (wW/v)
Yeast Extract 25¢g 0.25% (w/v)
Sodium 4¢ 0.4% (W/v)
Bicarbonate
Glucose 2¢g 0.2% (W/v)
Cellobiose 2¢g 0.2% (wW/v)
Maltose 2¢g 0.2% (wW/v)
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Potassium
Phosphate

Monobasic

045 g

0.045% (w/v)

Potassium
Phosphate
Dibasic

045 g

0.045% (w/v)

Sodium Chloride

09g

0.09% (w/v)

Ammonium

Sulfate

09g

0.09% (w/v)

Magnesium
Sulfate
Heptahydrate

0.09 g

0.009% (w/v)

Calcium

chloride

0.09 g

0.009% (w/v)

Hemin (0.1%

solution)

10 mL

0.001% (w/v)

Vitamin
Supplement
[Folic acid 2.0
mg/l, Pyridoxine
hydrochloride
10.0 mg/L,
Riboflavin 5.0
mg/L, Biotin 2.0
mg/L. Thiamine
5.0 mg/L,
Nicotinic acid
5.0 mg/L,
Calcium
Pantothenate 5.0
mg/liter,
Vitamin B12 0.1
mg/L, p-

10 mL

1% (v/v)
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Aminobenzoic
acid 5.0 mg/L,
Thioctic acid 5.0
mg/L,
Monopotassium
phosphate 900.0

mg/L]

Resazurin 4 mL 0.0001% (wW/v)
(0.025%
solution)

L-Cysteine (25% 4 mL 0.01% (w/v)

solution)
Volatile Fatty 2.9 mL 0.29% (v/v)
Acid Solution
Milli-Q water To Final

(dH,0)" Volume of 1000
mL

pH adjusted to 6.8

3.2. Engraftment

[0050] As used herein, “engraftment” (and grammatical variants thereof, e.g., "engraft")
refers to the ability of a microbial strain or microbial community to establish in one or more
niches of the gut of an animal. Operationally, a microbial strain or microbial community is
“engrafted” if evidence of its establishment, post-administration, can be obtained. In some
embodiments, that evidence is obtained by molecular identification (e.g., Matrix-Assisted Laser
Desorption/Ionization Time-Of-Flight Mass Spectrometry (MALDI-TOF MS), liquid
chromatography-mass spectrometry (LC-MS), 16S rRNA sequencing, or genomic sequencing)
of a sample obtained from the animal. In some embodiments, the sample is a stool sample. In
some embodiments, the sample is a biopsy sample taken from the gut of the animal (e.g., from a
location along the gastrointestinal tract of the animal). Engraftment may be transient or may be
persistent. In some embodiments, transient engraftment means that the microbial strain or

microbial community can no longer be detected in an animal to which it has been administered
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after the lapse of about 1 week, about 2 weeks, about three weeks, about 1 month, about 2
months, about 3 months, about 4 months, about 6 months, about 8 month, about 10 months,
about 1 year, about 1.5 years, or about 2 years.

[0051] As used herein, “substantial engraftment” refers to that at a defined timepoint
following administration to an animal (e.g., in some embodiments, a gnotobiotic mouse) of the
microbial community (e.g., a high-complexity defined gut microbial community), evidence of
the engraftment of at least 70% of the administered defined microbial strains can be
demonstrated. For example, in some embodiments, substantial engraftment is achieved when at
least 72%, at least 74%, at least 76%, at least 78%, at least 80%, at least 82%, at least 84%, at
least 86%, at least 88%, at least 90%, at least 92%, at least 94%, at least 96%, at least 98%, or
100% of the administered defined microbial strains can be demonstrated. In some embodiments,
such evidence is obtained by metagenomic analysis of a stool sample obtained from the animal.
In some embodiments, “substantial engraftment” is achieved when an intended metabolic
phenotype is demonstrably present in the recipient post-administration. In some embodiments,
the defined timepoint is between 1 week and 52 weeks. For example, in some embodiments, the
defined timepoint is between 1 week and 48 weeks, 1 week and 42 weeks, 1 week and 36 weeks,
1 week and 30 weeks, 1 week and 24 week, 1 week and 18 weeks, 1 week and 12 weeks, 1 week
and 10 weeks, 1 week and 8 weeks, 1 week and 6 weeks, 1 week and 4 weeks, 1 week and 2
weeks, 2 weeks and 52 weeks, 2 weeks and 48 weeks, 2 weeks and 36 weeks, 2 weeks and 30
weeks, 2 ad 24 weeks, 2 weeks and 18 weeks, 2 weeks and 12 weeks, 2 weeks and 10 weeks, 2
weeks and 8 weeks, 2 weeks and 6 weeks, 2 weeks and 4 weeks, 4 weeks and 52 weeks, 4 weeks
and 48 weeks, 4 weeks and 42 weeks, 4 weeks and 36 weeks, 4 weeks and 30 weeks, 4 weeks
and 24 weeks, 4 weeks and 18 weeks, 4 weeks and 12 weeks, 4 weeks and 10 weeks, 4 weeks
and 8 weeks, 4 weeks and 6 weeks, 6 weeks and 52 weeks, 6 weeks and 48 weeks, 6 weeks and
42 weeks, 6 weeks and 36 weeks, 6 weeks and 30 weeks, 6 weeks and 24 weeks, 6 weeks and 18
weeks, 6 weeks and 12 weeks, 6 weeks and 10 weeks, 6 weeks and 8 weeks, 8 weeks and 52
weeks, 8 weeks and 48 weeks, 8 weeks and 42 weeks, 8 weeks and 36 weeks, 8 weeks and 30
weeks, 8 weeks and 24 weeks, 8 weeks and 18 weeks, 8 weeks and 12 weeks, or 8 weeks and 10

weeks.

3.3. Stability

[0052] As used herein, “human fecal community microbial challenge” refers to

administration of a human stool sample into the gut of an animal that has previously been
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colonized with a microbial community, e.g., a high-complexity defined gut microbial
community.

[0053] In some embodiments, stability of a community refers to the ability of defined
microbial strains comprising a community to persist (i.e. remain engrafted) in a gut of an animal
following microbial challenge. In some embodiments, when given sufficient time to permit
colonization of microbial challenge strains in the gut of an animal engrafted with a high-
complexity defined gut microbial community, a stable community can be defined as one where
at least 50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or at least 99% of the defined microbial strains are detectable by
metagenomic analysis. For example, in some embodiments, metagenomic analysis comprises
whole genome shotgun sequencing analysis.

[0054] In some embodiments, stability can be demonstrated at a time range of between at
least 1 week and 52 weeks. For example, in some embodiments, stability can be demonstrated
at a time rage of between at least 1 week and 48 weeks, 1 week and 42 weeks, 1 week and 36
weeks, 1 week and 30 weeks, 1 week and 24 week, 1 week and 18 weeks, 1 week and 12 weeks,
1 week and 10 weeks, 1 week and 8 weeks, 1 week and 6 weeks, 1 week and 4 weeks, 1 week
and 2 weeks, 2 weeks and 52 weeks, 2 weeks and 48 weeks, 2 weeks and 36 weeks, 2 weeks and
30 weeks, 2 ad 24 weeks, 2 weeks and 18 weeks, 2 weeks and 12 weeks, 2 weeks and 10 weeks,
2 weeks and 8 weeks, 2 weeks and 6 weeks, 2 weeks and 4 weeks, 4 weeks and 52 weeks, 4
weeks and 48 weeks, 4 weeks and 42 weeks, 4 weeks and 36 weeks, 4 weeks and 30 weeks, 4
weeks and 24 weeks, 4 weeks and 18 weeks, 4 weeks and 12 weeks, 4 weeks and 10 weeks, 4
weeks and 8 weeks, 4 weeks and 6 weeks, 6 weeks and 52 weeks, 6 weeks and 48 weeks, 6
weeks and 42 weeks, 6 weeks and 36 weeks, 6 weeks and 30 weeks, 6 weeks and 24 weeks, 6
weeks and 18 weeks, 6 weeks and 12 weeks, 6 weeks and 10 weeks, 6 weeks and 8 weeks, 8
weeks and 52 weeks, 8 weeks and 48 weeks, 8 weeks and 42 weeks, 8 weeks and 36 weeks, 8
weeks and 30 weeks, 8 weeks and 24 weeks, 8 weeks and 18 weeks, 8 weeks and 12 weeks, or 8
weeks and 10 weeks.

[0055] In other embodiments, stability of a community refers to the characteristic of defined
microbial strains comprising a community to maintain a metabolic phenotype over a period of
time or following microbial challenge. For example, in some embodiments, defined microbial
strains comprising a community can maintain a metabolic phenotype for at least 1 week, at least
2 weeks, at least 3 weeks, at least 4 weeks, at least 6 weeks, at least 8 weeks, at least 10 weeks,
at least 12 weeks, at least 4 months, at least 6 months at least 8 months, at least 10 months, at

least 1 year, at least 1.5 years, or at least 2 years.
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[0056] In some embodiments, a stable community can be defined as one where the defined
microbial strains comprising the community maintain the ability to metabolize at least 90% (e.g.,
at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or all) of substrates selected from the group consisting of: a-mannan
(yeast), acetate, agarose, alanine, alginate, anthocyanin, arabinan, arabinogalactan, arabinoxylan,
arginine, asparagine, Aspartate, b-glucans, butyrate, carrageenan, chitin, chlorogenic acids,
chondroitin sulfate, cinnamic acid, Cysteine, dextran (40), Dihydrochalcones, Enterodiol, flavan-
3-ols, flavanones, flavones, flavonols, folate, formate, galactomannan (carob), galacturonan
(homo), galacturonate, glucomannan (konjac), glutamate, Glutamine, Glycine, Histidine,
hyaluronan, hydrogen, hydroxycinnamic acids, hydroxyproline, inulin,
isoflavones/isoflavanones, Isoleucine, lactate, laminarin, Leucine, levan, Lysine, Methionine,
mucin O-linked glycans, Ornithine, Phenylalanine, porphyran, Proline, propionate,
rhamnogalacturonan I, rhamnogalacturonan II, Secoisolariciresinol diglucoside, Serine, starch
(potato), starch (structure 1), thiamine, Threonine, tryptophan, Tyrosine, Valine, xyloglucan, and
xylooligosaccharides (XOS), over a period of time or following microbial challenge.

[0057] In some embodiments, a stable community can be defined as one where the defined
microbial strains comprising the community maintain the ability to produce at least 90% (e.g., at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or all) of metabolites selected from the group consisting of: formate,
acetate, propionate, butyrate, isobutyrate, valerate, isovalerate, 2-methylbutyrate, caporate,
isocaporate, 3-methylvaleric acid, L-phenylalanine, 3-phenylpropionic acid, phyenypyruvate,
DL-3-phenyllactic acid, trans-cinnamic acid, phenyllactic acid, phenethylamine, L-tyrosine, 3-
(4-hydroxyphenyl)propionic acid, 3-(4-hydroxyphenyl) pyruvic acid, DL-p-hydroxyphenyl lactic
acid, p-coumaric acid, 4-hydroxyphenyl acetic acid, tyramine, phenol, p-cresol, 4-ethylphenol, 4-
vinylphenol, 4-hydroxybenzoic acid, L-tryptophan, 3-indolepropionic acid, 3-indolepyruvic acid,
DL-indole-3-lactic acid, trans-3-indoleacrylic acid, 3-indoleacetic acid, tryptamine, indole,
skatol, indole-3-carboxylic acid, indole-3-carboxyaldehyde, N-acetyl-L-phenylalanine,
phenylpropionylglycine, 3-(3-hydroxyphenyl) propionic acid, cinnamoylglycine,
phenylacetylglycine, phenylacetylglutamine, hippuric acid, 2-hydroxyhippuric acid, 3-
hydroxyhippuric acid, 4-hydroxyhippuric acid, 4-hydroxyphenylacetylglycine, phenyl sulfate,
phenyl glucuronide, p-cresol sulfate, p-cresol glucuronide, 4-ethylphenol sulfate, 4-ethylphenol
glucuronide, N-acetyl-L-tryptophan, S5-hydroxy-L-typtophan, N-acetylserotonin, 3-
indolepriopionylglycine, indolyl-3-acryloylglycine, indoxyl sulfate, indoxyl glucuronide, 5-

hydroxyindole-3-acetic acid, indoleacetylglycine, lithocholic acid, murocholic acid,

28



10

15

20

25

30

WO 2021/237162 PCT/US2021/033762

ursodeoxycholic acid, hyodeoxycholic acid, deoxycholic acid, 7-oxocholic acid, -muricholic
acid, a-muricholic acid, B-muricholic acid, y-muricholic acid, 7Bcholic acid, taurolithocholic
acid, tauroursodeoxycholic acid, taurohyodeoxycholic acid, taurochenodeoxycholic acid,
taurodeoxycholic acid, tauro-B-muricholic acid, tauro- o-muricholic acid, and taurocholic acid,
over a period of time or following microbial challenge.

[0058] In some embodiments, a stable community can be defined as one where the ability to
utilize at least 90% (e.g., at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at
least 96%, at least 97%, at least 98%, at least 99%, or all) of the MetaCyc metabolic pathways
selected from the group consisting of: 1ICMET2-PWY, 2.6.1.32-RXN, AEROBACTINSYN-
PWY, ALACAT2-PWY, ALADEG-PWY, ALANINE-DEG3-PWY, ALANINE-SYN2-PWY,
ALANINE-VALINESYN-PWY, ANAPHENOXI-PWY, ARGASEDEG-PWY, ARGDEG-III-
PWY, ARGDEG-IV-PWY, ARGDEGRAD-PWY, ARGDEG-V-PWY, ARG-GLU-PWY,
ARGININE-SYN4-PWY, ARG-PRO-PWY, ARGSYNBSUB-PWY, ARGSYN-PWY,
ASPARAGINE-BIOSYNTHESIS, ASPARAGINE-DEG1-PWY, ASPARAGINE-DEG1-PWY-
1, ASPARAGINESYN-PWY, ASPARTATE-DEG1-PWY, ASPARTATESYN-PWY,
ASPASN-PWY, ASPSYNII-PWY, AST-PWY, BETA-ALA-DEGRADATION-I-PWY,
CAMALEXIN-SYN, CITRULBIO-PWY, CITRULLINE-DEG-PWY, COA-PWY, CODH-
PWY, CYSTEINE-DEG-PWY, CYSTSYN-PWY, DAPLYSINESYN-PWY, ENTBACSYN-
PWY, ETHYL-PWY, FAO-PWY, FERMENTATION-PWY, GLNSYN-PWY, GLUDEG-I-
PWY, GLUGLNSYN-PWY, GLUTAMATE-DEGI-PWY, GLUTAMATE-SYN2-PWY,
GLUTAMINDEG-PWY, GLUTAMINEFUM-PWY, GLUTATHIONESYN-PWY, GLUTDEG-
PWY, GLUTORN-PWY, GLUTSYNIII-PWY, GLUTSYN-PWY, GLYCGREAT-PWY,
GLYSYN-ALA-PWY, GLYSYN-PWY, GLYSYN-THR-PWY, HISDEG-PWY, HISHP-PWY,
HISTDEG-PWY, HISTSYN-PWY, HOMOCYSDEGR-PWY, HOMOSER-METSYN-PWY,
HOMOSERSYN-PWY, HSERMETANA-PWY, HYDROXYPRODEG-PWY, ILEUDEG-
PWY, ILEUSYN-PWY, LARABITOLUTIL-PWY, LCYSDEG-PWY, LEU-DEG2-PWY,
LEUSYN-PWY, LYSDEGII-PWY, LYSINE-AMINOAD-PWY, LYSINE-DEGI1-PWY,
MALATE-ASPARTATE-SHUTTLE-PWY, METH-ACETATE-PWY, METHANOGENESIS-
PWY, METHIONINE-DEG1-PWY, MGLDLCTANA-PWY, ORN-AMINOPENTANOATE-
CAT-PWY, ORNDEG-PWY, P101-PWY, P162-PWY, P163-PWY, P181-PWY, P261-PWY,
P283-PWY, P401-PWY, P541-PWY, PHENYLALANINE-DEG1-PWY, PHESYN,
PHOSLIPSYN2-PWY, PHOSPHONOTASE-PWY, PROSYN-PWY, PROUT-PWY, PWYO0-
1021, PWYO0-1221, PWYO0-1299, PWYO0-1303, PWYO0-1305, PWYO0-1313, PWYO0-1317, PWYO-
1321, PWYO0-1338, PWYO0-1347, PWYO0-1355, PWYO0-1356, PWYO0-1534, PWYO0-1544, PWYO0-
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1565, PWY0-1576, PWYO0-1577, PWYO0-1578, PWY0-1585, PWYO0-1601, PWY0-42, PWYO0-
461, PWY0-823, PWY0-901, PWY-1, PWY-1061, PWY-1121, PWY-1186, PWY1-2, PWY-
1263, PWY-1622, PWY-1722, PWY-1781, PWY-181, PWY-1881, PWY-1962, PWY-1981,
PWY1F-467, PWY1F-FLAVSYN, PWY1G-0, PWY-2021, PWY-2161, PWY-2181, PWY-
2201, PWY-2821, PWY-2941, PWY-2942, PWY-3, PWY-3022, PWY-3081, PWY-3161,
PWY-3162, PWY-3181, PWY-3301, PWY-3341, PWY-3385, PWY-3461, PWY-3462, PWY-
3581, PWY-361, PWY-3661, PWY-3661-1, PWY-381, PWY-3841, PWY-3941, PWY3DJ-12,
PWY30-4107, PWY30-4108, PWY-4, PWY-40, PWY-4002, PWY-4041, PWY-4201, PWY-
4281, PWY-43, PWY-4321, PWY-4341, PWY-4361, PWY-46, PWY490-3, PWY490-4, PWY-
4981, PWY-4983, PWY-4984, PWY4FS-6, PWY-5, PWY-5022, PWY-5024, PWY-5028,
PWY-5029, PWY-5030, PWY-5031, PWY-5041, PWY-5048, PWY-5049, PWY-5057, PWY-
5075, PWY-5076, PWY-5078, PWY-5079, PWY-5081, PWY-5082, PWY-5087, PWY-5097,
PWY-5101, PWY-5103, PWY-5104, PWY-5108, PWY-5109, PWY-5129, PWY-5135, PWY-
5136, PWY-5151, PWY-5154, PWY-5155, PWY-5159, PWY-5176, PWY-5188, PWY-5189,
PWY-5196, PWY-5199, PWY-5207, PWY-5250, PWY-5254, PWY-5265, PWY-5280, PWY-
5283, PWY-5290, PWY-5297, PWY-5298, PWY-5311, PWY-5314, PWY-5316, PWY-5319,
PWY-5324, PWY-5329, PWY-5331, PWY-5332, PWY-5364, PWY-5381, PWY-5382, PWY-
5386, PWY-5394, PWY-5399, PWY-5436, PWY-5437, PWY-5441, PWY-5443, PWY-5458,
PWY-5467, PWY-5468, PWY-5473, PWY-5474, PWY-5494, PWY-5497, PWY-5499, PWY-
5629, PWY-5651, PWY-5653, PWY-5665, PWY-5669, PWY-5675, PWY-5679, PWY-5686,
PWY-5710, PWY-5736, PWY-5737, PWY-5739, PWY-5740, PWY-5742, PWY-5747, PWY-
5748, PWY-5751, PWY-5754, PWY-5766, PWY-5770, PWY-5784, PWY-5788, PWY-5797,
PWY-5800, PWY-581, PWY-5811, PWY-5818, PWY-5826, PWY-5877, PWY-5883, PWY-
5886, PWY-5912, PWY-5913, PWY-5921, PWY-5936, PWY-5940, PWY-5958, PWY-5963,
PWY-5968, PWY-5978, PWY-5980, PWY-5990, PWY-6003, PWY-6004, PWY-601, PWY-
6030, PWY-6039, PWY-6045, PWY-6052, PWY-6053, PWY-6054, PWY-6055, PWY-6068,
PWY-6069, PWY-6082, PWY-6120, PWY-6121, PWY-6122, PWY-6123, PWY-6124, PWY-
6133, PWY-6134, PWY-6141, PWY-6143, PWY-6148, PWY-6151, PWY-6160, PWY-6173,
PWY-6196, PWY-6219, PWY-622, PWY-6220, PWY-6233, PWY-6273, PWY-6277, PWY-
6281, PWY-6307, PWY-6309, PWY-6313, PWY-6318, PWY-6320, PWY-6321, PWY-6322,
PWY-6324, PWY-6328, PWY-6334, PWY-6339, PWY-6343, PWY-6344, PWY-6345, PWY-
6346, PWY-6375, PWY-6376, PWY-6381, PWY-6386, PWY-6387, PWY-6397, PWY-6403,
PWY-6407, PWY-6408, PWY-6409, PWY-6431, PWY-6435, PWY-6444, PWY-6455, PWY-
6456, PWY-6457, PWY-6466, PWY-6471, PWY-6473, PWY-6481, PWY-6486, PWY-6493,
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PWY-6495, PWY-6511, PWY-6512, PWY-6519, PWY-6533, PWY-6535, PWY-6536, PWY-
6537, PWY-6543, PWY-6549, PWY-6559, PWY-6562, PWY-6572, PWY-6573, PWY-6574,
PWY-6578, PWY-6588, PWY-6614, PWY-6627, PWY66-301, PWY66-375, PWY-6638,
PWY66-391, PWY-6642, PWY66-420, PWY066-421, PWY66-425, PWY66-426, PWY 606-428,
PWY-6643, PWY-6661, PWY-6673, PWY-6682, PWY-6690, PWY-6696, PWY-6711, PWY-
6717, PWY-6720, PWY-6724, PWY-6728, PWY-6731, PWY-6735, PWY-6749, PWY-6769,
PWY-6771, PWY-6772, PWY-6773, PWY-6781, PWY-6784, PWY-6790, PWY-6791, PWY-
6802, PWY-6807, PWY-6808, PWY-6813, PWY-6815, PWY-6816, PWY-6817, PWY-6818,
PWY-6821, PWY-6822, PWY-6823, PWY-6831, PWY-6832, PWY-6834, PWY-6840, PWY-
6845, PWY-6853, PWY-6854, PWY-6855, PWY-6891, PWY-6892, PWY-6896, PWY-6898,
PWY-6902, PWY-6907, PWY-6908, PWY-6920, PWY-6922, PWY-6936, PWY-6942, PWY-
6949, PWY-6953, PWY-6955, PWY-6963, PWY-6964, PWY-6965, PWY-6968, PWY-6969,
PWY-6981, PWY-6982, PWY-6986, PWY-6994, PWY-7000, PWY-701, PWY-7014, PWY-
7015, PWY-7016, PWY-7018, PWY-7019, PWY-702, PWY-7022, PWY-7025, PWY-7028,
PWY-7040, PWY-7046, PWY-7052, PWY-7054, PWY-7064, PWY-7072, PWY-7088, PWY-
7090, PWY-7097, PWY-7104, PWY-7115, PWY-7117, PWY-7118, PWY-7126, PWY-7147,
PWY-7153, PWY-7158, PWY-7176, PWY-7177, PWY-7185, PWY-7186, PWY-7219, PWY-
7221, PWY-7234, PWY-7246, PWY-7248, PWY-7250, PWY-7255, PWY-7274, PWY-7275,
PWY-7282, PWY-7288, PWY-7297, PWY-7304, PWY-7315, PWY-7316, PWY-7318, PWY-
7342, PWY-7351, PWY-7356, PWY-7376, PWY-7377, PWY-7383, PWY-7387, PWY-7397,
PWY-7398, PWY-7400, PWY-7414, PWY-7425, PWY-7430, PWY-7432, PWY-7440, PWY-
7441, PWY-7456, PWY-7467, PWY-7498, PWY-7501, PWY-7506, PWY-7510, PWY-7514,
PWY-7518, PWY-7520, PWY-7525, PWY-7531, PWY-7532, PWY-7533, PWY-7536, PWY-
7542, PWY-7543, PWY-7547, PWY-7549, PWY-7550, PWY-7555, PWY-7561, PWY-7565,
PWY-7570, PWY-7571, PWY-7600, PWY-7605, PWY-761, PWY-7612, PWY-7626, PWY-
7645, PWY-7648, PWY-7649, PWY-7650, PWY-7665, PWY-7667, PWY-7668, PWY-7669,
PWY-7671, PWY-7674, PWY-7688, PWY-7690, PWY-7693, PWY-7694, PWY-7701, PWY-
7704, PWY-7706, PWY-7708, PWY-7717, PWY-7718, PWY-7719, PWY-7733, PWY-7734,
PWY-7735, PWY-7737, PWY-7751, PWY-7761, PWY-7765, PWY-T7767, PWY-7769, PWY-
7770, PWY-7782, PWY-7790, PWY-7791, PWY-7793, PWY-7797, PWY-7811, PWY-7814,
PWY-7822, PWY-7824, PWY-7826, PWY-7842, PWY-7850, PWY-7851, PWY-7855, PWY-
7860, PWY-7861, PWY-7863, PWY-7867, PWY-7870, PWY-7880, PWY-7888, PWY-7889,
PWY-7891, PWY-7892, PWY-7897, PWY-7901, PWY-7904, PWY-7907, PWY-7909, PWY-
7910, PWY-7913, PWY-7917, PWY-7930, PWY-7931, PWY-7936, PWY-7953, PWY-7955,
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PWY-7956, PWY-7957, PWY-7958, PWY-7959, PWY-7960, PWY-7962, PWY-7977, PWY-
7985, PWY-7986, PWY-7987, PWY-7988, PWY-7990, PWY-8002, PWY-8003, PWY-8006,
PWY-8007, PWY-8008, PWY-8009, PWY-801, PWY-8010, PWY-8011, PWY-8013, PWY-
8014, PWY-8015, PWY-8016, PWY-8017, PWY-8024, PWY-8032, PWY-8040, PWY-8043,
PWY-8045, PWY-8071, PWY-8072, PWY-8080, PWY-8081, PWY-8082, PWY-8083, PWY-
8086, PWY-8088, PWY-842, PWY-861, PWY-862, PWY8J2-1, PWY8J2-22, PWYDQC-4,
PWYG-321, PWY-I9, PWYQT-4450, PWYQT-4476, PYRIDNUCSAL-PWY,
PYRIDNUCSYN-PWY, PYRIDOXSYN-PWY, SAM-PWY, SERDEG-PWY, SERSYN-PWY,
SPHINGOLIPID-SYN-PWY, TAURINEDEG-PWY, THRDLCTCAT-PWY, THREONINE-
DEG2-PWY, TRNA-CHARGING-PWY, TRPCAT-PWY, TRPIAACAT-PWY, TRPKYNCAT-
PWY, TRPSYN-PWY, TRYPDEG-PWY, TYRFUMCAT-PWY, TYRSYN,
UDPNACETYLGALSYN-PWY, UDPNAGSYN-PWY, VALDEG-PWY, and VALSYN-PWY,
is maintained over a period of time or following microbial challenge.

[0059] In some embodiments, a stable community can be defined as one maintaining the
ability to metabolize at least 90% (e.g., at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or all) of the substrates
described above and produce at least 90% (e.g., at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or all) of the
metabolites described above over a period of time or following microbial challenge.

[0060] In some embodiments, a stable community can be defined as one maintaining the
ability to metabolize at least 90% (e.g., at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or all) of the substrates
described above and utilize at least 90% (e.g., at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or all) of the MetaCyc
metabolic pathways described above over a period of time or following microbial challenge.
[0061] In some embodiments, a stable community can be defined as one maintaining the
ability to produce at least 90% (e.g., at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or all) of the metabolites
described above and utilize at least 90% (e.g., at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or all) of the MetaCyc
metabolic pathways described above over a period of time or following microbial challenge.
[0062] In some embodiments, a stable community can be defined as one maintaining the
ability to metabolize at least 90% (e.g., at least 91%, at least 92%, at least 93%, at least 94%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or all) of the substrates
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described above, produce at least 90% (e.g., at least 91%, at least 92%, at least 93%, at least
94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or all) of the
metabolites described above, and utilize at least 90% (e.g., at least 91%, at least 92%, at least
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or all) of
the MetaCyc metabolic pathways described above over a period of time or following microbial
challenge.

[0063] As used herein, “dropping out” refers to an event where a microbial strain in a
microbial community does not stably engraft following administration into the gut of an animal.
For example, in some embodiments, a microbial community is stable if up to 10% of the defined
microbial strains drop out following microbial challenge. In some embodiments, a microbial
community is stable if up to 9%, up to 8%, up to 7%, up to 6%, up to 5%, up to 4%, up to 3%,
up to 2%, or up to 1% of the defined microbial strains drop out following microbial challenge.
[0064] As used herein, “jumping in” refers to an event where a microbial strain that is not
present in a microbial community at the time of being administered into an animal, stably
engrafts into one or more niche in the gut of the animal and becomes part of the engrafted
microbial community. In some embodiments, a microbial strain that jumps in originates from an
animal’s gut commensal repertoire, a fecal community microbial challenge, or from an
administration into the gut of an animal subsequent to an initial administration of the microbial
community. For example, in some embodiments, a microbial community is stable if up to 10%
of new strains are contributed by a microbial challenge (e.g., a human fecal community
microbial challenge). In some embodiments, a microbial community is stable if up to 9%, up to
8%, up to 7%, up to 6%, up to 5%, up to 4%, up to 3%, up to 2%, or up to 1% of new strains are

contributed by a microbial challenge.

4. Metagenomic Analysis and Molecular Identification

[0065] As used herein, “metagenomic analysis” refers to use of massively parallel
sequencing for analyzing a microbiome, or defined gut microbial community. As used herein,
metagenomic analysis includes, without limitation, whole genome sequencing (for example, in
some embodiments, whole genome shotgun sequencing), ribosomal gene sequencing, rRNA
sequencing or other sequencing based methods. See, e.g., Thomas ef al., 2012, “Metagenomics
— A guide from sampling to data analysis,” Microbial Informatics and Experimentation 2(1):3;
Qin et al., 2009. “A human gut microbial gene catalogue established by metagenomic
sequencing,” Nature 464 (7285): 59-65. For example, in some embodiments, metagenomic

sequence reads (i.e. sequence fragments) obtained from a sequencing method are mapped against
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a comprehensive database of complete, sequenced genomes of all the defined microbial strains

comprising a gut community.

[0066] As used herein, “molecularly identified” (and grammatical variants thereof, e.g.,
"molecular identification") refers to characterization of a microbial species for unique
identification. In some embodiments, molecular identification can be 16S rRNA sequencing,
whole genome sequencing, Matrix-Assisted Laser Desorption/Ionization Time-Of-Flight Mass
Spectrometry (MALDI-TOF MS), liquid chromatography-mass spectrometry (LC-MS) or
similar analytical assay capable of differentiating one microbial species from another microbial
species. In some embodiments, species identification is done on the level of strain identification.
In some embodiments, strain identification is achieved through whole genome shotgun
metagenomic sequencing. As used herein, whole genome shotgun metagenomic sequencing
refers to a method of sequencing polynucleotides in parallel and with high sequence coverage
from a plurality of genomic regions from a complex sample comprising a plurality of microbial

species.

5. Invitro and Metabolic Phenotype

[0067] As used herein an "in vifro phenotype" refers to a characteristic, such as a metabolic
phenotype, of a microbial community that can be measured in vifro. In one embodiment a
microbial community is recovered from the gut of an animal. In one embodiment a microbial
community is recovered from a fecal sample. In one embodiment a microbial community is an
artificial community or a high-complexity defined gut microbial community.

[0068] "Metabolic phenotype" is a property of a microbial strain or a microbial community.
In one aspect, a metabolic phenotype refers to the ability of a microbial strain or microbial
community to transform one or more first compound(s) into one or more second compound(s).
In one example a first compound is enzymatically converted by the microbe or community into a
second compound, and the metabolic phenotype is an increase in the amount of the second
compound. In some embodiments, metabolic phenotypes include metabolization of a-mannan
(yeast), acetate, agarose, alanine, alginate, anthocyanin, arabinan, arabinogalactan, arabinoxylan,
arginine, asparagine, Aspartate, b-glucans, butyrate, carrageenan, chitin, chlorogenic acids,
chondroitin sulfate, cinnamic acid, Cysteine, dextran (40), Dihydrochalcones, Enterodiol, flavan-
3-ols, flavanones, flavones, flavonols, folate, formate, galactomannan (carob), galacturonan
(homo), galacturonate, glucomannan (konjac), glutamate, Glutamine, Glycine, Histidine,

hyaluronan, hydrogen, hydroxycinnamic acids, hydroxyproline, inulin,
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isoflavones/isoflavanones, Isoleucine, lactate, laminarin, Leucine, levan, Lysine, Methionine,
mucin O-linked glycans, Ornithine, Phenylalanine, porphyran, Proline, propionate,
rhamnogalacturonan I, rhamnogalacturonan II, Secoisolariciresinol diglucoside, Serine, starch
(potato), starch (structure 1), thiamine, Threonine, tryptophan, Tyrosine, Valine, xyloglucan, and
xylooligosaccharides (XOS). For example, in some embodiments, one or more of the defined
microbial strains of the high-complexity defined gut microbial community metabolizes at least
one, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10,
at least 11, at least 12, at least 13, at least 14, at least 15, at least 20, at least 25, at least 30, at
least 40, at least 50, at least 60, or all of the substrates described above.

[0069] In some embodiments, metabolic phenotypes include the production of formate,
acetate, propionate, butyrate, isobutyrate, valerate, isovalerate, 2-methylbutyrate, caporate,
isocaporate, 3-methylvaleric acid, L-phenylalanine, 3-phenylpropionic acid, phyenypyruvate,
DL-3-phenyllactic acid, trans-cinnamic acid, phenyllactic acid, phenethylamine, L-tyrosine, 3-
(4-hydroxyphenyl)propionic acid, 3-(4-hydroxyphenyl) pyruvic acid, DL-p-hydroxyphenyl lactic
acid, p-coumaric acid, 4-hydroxyphenyl acetic acid, tyramine, phenol, p-cresol, 4-ethylphenol, 4-
vinylphenol, 4-hydroxybenzoic acid, L-tryptophan, 3-indolepropionic acid, 3-indolepyruvic acid,
DL-indole-3-lactic acid, trans-3-indoleacrylic acid, 3-indoleacetic acid, tryptamine, indole,
skatol, indole-3-carboxylic acid, indole-3-carboxyaldehyde, N-acetyl-L-phenylalanine,
phenylpropionylglycine, 3-(3-hydroxyphenyl) propionic acid, cinnamoylglycine,
phenylacetylglycine, phenylacetylglutamine, hippuric acid, 2-hydroxyhippuric acid, 3-
hydroxyhippuric acid, 4-hydroxyhippuric acid, 4-hydroxyphenylacetylglycine, phenyl sulfate,
phenyl glucuronide, p-cresol sulfate, p-cresol glucuronide, 4-ethylphenol sulfate, 4-ethylphenol
glucuronide, N-acetyl-L-tryptophan, S5-hydroxy-L-typtophan, N-acetylserotonin, 3-
indolepriopionylglycine, indolyl-3-acryloylglycine, indoxyl sulfate, indoxyl glucuronide, 5-
hydroxyindole-3-acetic acid, indoleacetylglycine, lithocholic acid, murocholic acid,
ursodeoxycholic acid, hyodeoxycholic acid, deoxycholic acid, 7-oxocholic acid, m-muricholic
acid, a-muricholic acid, B-muricholic acid, y-muricholic acid, 7Bcholic acid, taurolithocholic
acid, tauroursodeoxycholic acid, taurohyodeoxycholic acid, taurochenodeoxycholic acid,
taurodeoxycholic acid, tauro-B-muricholic acid, tauro- @-muricholic acid, and taurocholic acid.
For example, in some embodiments, one or more of the defined microbial strains of the high-
complexity defined gut microbial community produces at least one, at least 2, at least 3, at least
4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least
13, at least 14, at least 15, at least 20, at least 25, at least 30, at least 40, at least 50, at least 60, at

least 70, at least 80, or all of the metabolites described above.
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[0070] In some embodiments, metabolic phenotypes include the encoding the enzymes
catalyzing all reactions of any one or more of the ICMET2-PWY, 2.6.1.32-RXN,
AEROBACTINSYN-PWY, ALACAT2-PWY, ALADEG-PWY, ALANINE-DEG3-PWY,
ALANINE-SYN2-PWY, ALANINE-VALINESYN-PWY, ANAPHENOXI-PWY,
ARGASEDEG-PWY, ARGDEG-III-PWY, ARGDEG-IV-PWY, ARGDEGRAD-PWY,
ARGDEG-V-PWY, ARG-GLU-PWY, ARGININE-SYN4-PWY, ARG-PRO-PWY,
ARGSYNBSUB-PWY, ARGSYN-PWY, ASPARAGINE-BIOSYNTHESIS, ASPARAGINE-
DEGI1-PWY, ASPARAGINE-DEGI-PWY-1, ASPARAGINESYN-PWY, ASPARTATE-
DEGI1-PWY, ASPARTATESYN-PWY, ASPASN-PWY, ASPSYNII-PWY, AST-PWY, BETA-
ALA-DEGRADATION-I-PWY, CAMALEXIN-SYN, CITRULBIO-PWY, CITRULLINE-
DEG-PWY, COA-PWY, CODH-PWY, CYSTEINE-DEG-PWY, CYSTSYN-PWY,
DAPLYSINESYN-PWY, ENTBACSYN-PWY, ETHYL-PWY, FAO-PWY,
FERMENTATION-PWY, GLNSYN-PWY, GLUDEG-I-PWY, GLUGLNSYN-PWY,
GLUTAMATE-DEGI1-PWY, GLUTAMATE-SYN2-PWY, GLUTAMINDEG-PWY,
GLUTAMINEFUM-PWY, GLUTATHIONESYN-PWY, GLUTDEG-PWY, GLUTORN-PWY,
GLUTSYNIII-PWY, GLUTSYN-PWY, GLYCGREAT-PWY, GLYSYN-ALA-PWY,
GLYSYN-PWY, GLYSYN-THR-PWY, HISDEG-PWY, HISHP-PWY, HISTDEG-PWY,
HISTSYN-PWY, HOMOCYSDEGR-PWY, HOMOSER-METSYN-PWY, HOMOSERSYN-
PWY, HSERMETANA-PWY, HYDROXYPRODEG-PWY, ILEUDEG-PWY, ILEUSYN-
PWY, LARABITOLUTIL-PWY, LCYSDEG-PWY, LEU-DEG2-PWY, LEUSYN-PWY,
LYSDEGII-PWY, LYSINE-AMINOAD-PWY, LYSINE-DEG1-PWY, MALATE-
ASPARTATE-SHUTTLE-PWY, METH-ACETATE-PWY, METHANOGENESIS-PWY,
METHIONINE-DEG1-PWY, MGLDLCTANA-PWY, ORN-AMINOPENTANOATE-CAT-
PWY, ORNDEG-PWY, P101-PWY, P162-PWY, P163-PWY, P181-PWY, P261-PWY, P283-
PWY, P401-PWY, P541-PWY, PHENYLALANINE-DEGI1-PWY, PHESYN, PHOSLIPSYN2-
PWY, PHOSPHONOTASE-PWY, PROSYN-PWY, PROUT-PWY, PWY0-1021, PWY0-1221,
PWYO0-1299, PWY0-1303, PWYO0-1305, PWYO0-1313, PWYO0-1317, PWYO0-1321, PWY0-1338,
PWYO0-1347, PWY0-1355, PWYO0-1356, PWYO0-1534, PWYO0-1544, PWYO0-1565, PWY0-1576,
PWYO0-1577, PWY0-1578, PWYO0-1585, PWYO0-1601, PWYO0-42, PWYO0-461, PWYO0-823,
PWYO0-901, PWY-1, PWY-1061, PWY-1121, PWY-1186, PWY1-2, PWY-1263, PWY-1622,
PWY-1722, PWY-1781, PWY-181, PWY-1881, PWY-1962, PWY-1981, PWY1F-467,
PWYI1F-FLAVSYN, PWY1G-0, PWY-2021, PWY-2161, PWY-2181, PWY-2201, PWY-2821,
PWY-2941, PWY-2942, PWY-3, PWY-3022, PWY-3081, PWY-3161, PWY-3162, PWY-3181,
PWY-3301, PWY-3341, PWY-3385, PWY-3461, PWY-3462, PWY-3581, PWY-361, PWY-
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3661, PWY-3661-1, PWY-381, PWY-3841, PWY-3941, PWY3DJ-12, PWY30-4107, PWY30-
4108, PWY-4, PWY-40, PWY-4002, PWY-4041, PWY-4201, PWY-4281, PWY-43, PWY-
4321, PWY-4341, PWY-4361, PWY-46, PWY490-3, PWY490-4, PWY-4981, PWY-4983,
PWY-4984, PWY4FS-6, PWY-5, PWY-5022, PWY-5024, PWY-5028, PWY-5029, PWY-5030,
PWY-5031, PWY-5041, PWY-5048, PWY-5049, PWY-5057, PWY-5075, PWY-5076, PWY-
5078, PWY-5079, PWY-5081, PWY-5082, PWY-5087, PWY-5097, PWY-5101, PWY-5103,
PWY-5104, PWY-5108, PWY-5109, PWY-5129, PWY-5135, PWY-5136, PWY-5151, PWY-
5154, PWY-5155, PWY-5159, PWY-5176, PWY-5188, PWY-5189, PWY-5196, PWY-5199,
PWY-5207, PWY-5250, PWY-5254, PWY-5265, PWY-5280, PWY-5283, PWY-5290, PWY-
5297, PWY-5298, PWY-5311, PWY-5314, PWY-5316, PWY-5319, PWY-5324, PWY-5329,
PWY-5331, PWY-5332, PWY-5364, PWY-5381, PWY-5382, PWY-5386, PWY-5394, PWY-
5399, PWY-5436, PWY-5437, PWY-5441, PWY-5443, PWY-5458, PWY-5467, PWY-5468,
PWY-5473, PWY-5474, PWY-5494, PWY-5497, PWY-5499, PWY-5629, PWY-5651, PWY-
5653, PWY-5665, PWY-5669, PWY-5675, PWY-5679, PWY-5686, PWY-5710, PWY-5736,
PWY-5737, PWY-5739, PWY-5740, PWY-5742, PWY-5747, PWY-5748, PWY-5751, PWY-
5754, PWY-5766, PWY-5770, PWY-5784, PWY-5788, PWY-5797, PWY-5800, PWY-581,
PWY-5811, PWY-5818, PWY-5826, PWY-5877, PWY-5883, PWY-5886, PWY-5912, PWY-
5913, PWY-5921, PWY-5936, PWY-5940, PWY-5958, PWY-5963, PWY-5968, PWY-5978,
PWY-5980, PWY-5990, PWY-6003, PWY-6004, PWY-601, PWY-6030, PWY-6039, PWY-
6045, PWY-6052, PWY-6053, PWY-6054, PWY-6055, PWY-6068, PWY-6069, PWY-6082,
PWY-6120, PWY-6121, PWY-6122, PWY-6123, PWY-6124, PWY-6133, PWY-6134, PWY-
6141, PWY-6143, PWY-6148, PWY-6151, PWY-6160, PWY-6173, PWY-6196, PWY-6219,
PWY-622, PWY-6220, PWY-6233, PWY-6273, PWY-6277, PWY-6281, PWY-6307, PWY-
6309, PWY-6313, PWY-6318, PWY-6320, PWY-6321, PWY-6322, PWY-6324, PWY-6328,
PWY-6334, PWY-6339, PWY-6343, PWY-6344, PWY-6345, PWY-6346, PWY-6375, PWY-
6376, PWY-6381, PWY-6386, PWY-6387, PWY-6397, PWY-6403, PWY-6407, PWY-6408,
PWY-6409, PWY-6431, PWY-6435, PWY-6444, PWY-6455, PWY-6456, PWY-6457, PWY-
6466, PWY-6471, PWY-6473, PWY-6481, PWY-6486, PWY-6493, PWY-6495, PWY-6511,
PWY-6512, PWY-6519, PWY-6533, PWY-6535, PWY-6536, PWY-6537, PWY-6543, PWY-
6549, PWY-6559, PWY-6562, PWY-6572, PWY-6573, PWY-6574, PWY-6578, PWY-6588,
PWY-6614, PWY-6627, PWY66-301, PWY66-375, PWY-6638, PWY66-391, PWY-6642,
PWY66-420, PWY66-421, PWY66-425, PWY66-426, PWY66-428, PWY-6643, PWY-6661,
PWY-6673, PWY-6682, PWY-6690, PWY-6696, PWY-6711, PWY-6717, PWY-6720, PWY-
6724, PWY-6728, PWY-6731, PWY-6735, PWY-6749, PWY-6769, PWY-6771, PWY-6772,
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PWY-6773, PWY-6781, PWY-6784, PWY-6790, PWY-6791, PWY-6802, PWY-6807, PWY-
6808, PWY-6813, PWY-6815, PWY-6816, PWY-6817, PWY-6818, PWY-6821, PWY-6822,
PWY-6823, PWY-6831, PWY-6832, PWY-6834, PWY-6840, PWY-6845, PWY-6853, PWY-
6854, PWY-6855, PWY-6891, PWY-6892, PWY-6896, PWY-6898, PWY-6902, PWY-6907,
PWY-6908, PWY-6920, PWY-6922, PWY-6936, PWY-6942, PWY-6949, PWY-6953, PWY-
6955, PWY-6963, PWY-6964, PWY-6965, PWY-6968, PWY-6969, PWY-6981, PWY-6982,
PWY-6986, PWY-6994, PWY-7000, PWY-701, PWY-7014, PWY-7015, PWY-7016, PWY-
7018, PWY-7019, PWY-702, PWY-7022, PWY-7025, PWY-7028, PWY-7040, PWY-7046,
PWY-7052, PWY-7054, PWY-7064, PWY-7072, PWY-7088, PWY-7090, PWY-7097, PWY-
7104, PWY-7115, PWY-7117, PWY-7118, PWY-7126, PWY-7147, PWY-7153, PWY-7158,
PWY-7176, PWY-7177, PWY-7185, PWY-7186, PWY-7219, PWY-7221, PWY-7234, PWY-
7246, PWY-7248, PWY-7250, PWY-7255, PWY-7274, PWY-7275, PWY-7282, PWY-7288,
PWY-7297, PWY-7304, PWY-7315, PWY-7316, PWY-7318, PWY-7342, PWY-7351, PWY-
7356, PWY-7376, PWY-7377, PWY-7383, PWY-7387, PWY-7397, PWY-7398, PWY-7400,
PWY-7414, PWY-7425, PWY-7430, PWY-7432, PWY-7440, PWY-7441, PWY-7456, PWY-
7467, PWY-7498, PWY-7501, PWY-7506, PWY-7510, PWY-7514, PWY-7518, PWY-7520,
PWY-7525, PWY-7531, PWY-7532, PWY-7533, PWY-7536, PWY-7542, PWY-7543, PWY-
7547, PWY-7549, PWY-7550, PWY-7555, PWY-7561, PWY-7565, PWY-7570, PWY-7571,
PWY-7600, PWY-7605, PWY-761, PWY-7612, PWY-7626, PWY-7645, PWY-7648, PWY-
7649, PWY-7650, PWY-7665, PWY-7667, PWY-7668, PWY-7669, PWY-7671, PWY-7674,
PWY-7688, PWY-7690, PWY-7693, PWY-7694, PWY-7701, PWY-7704, PWY-7706, PWY-
7708, PWY-7717, PWY-7718, PWY-7719, PWY-7733, PWY-7734, PWY-7735, PWY-7737,
PWY-7751, PWY-7761, PWY-7765, PWY-7767, PWY-7769, PWY-7770, PWY-7782, PWY-
7790, PWY-7791, PWY-7793, PWY-7797, PWY-7811, PWY-7814, PWY-7822, PWY-7824,
PWY-7826, PWY-7842, PWY-7850, PWY-7851, PWY-7855, PWY-7860, PWY-7861, PWY-
7863, PWY-7867, PWY-7870, PWY-7880, PWY-7888, PWY-7889, PWY-7891, PWY-7892,
PWY-7897, PWY-7901, PWY-7904, PWY-7907, PWY-7909, PWY-7910, PWY-7913, PWY-
7917, PWY-7930, PWY-7931, PWY-7936, PWY-7953, PWY-7955, PWY-7956, PWY-7957,
PWY-7958, PWY-7959, PWY-7960, PWY-7962, PWY-7977, PWY-7985, PWY-7986, PWY-
7987, PWY-7988, PWY-7990, PWY-8002, PWY-8003, PWY-8006, PWY-8007, PWY-8008,
PWY-8009, PWY-801, PWY-8010, PWY-8011, PWY-8013, PWY-8014, PWY-8015, PWY-
8016, PWY-8017, PWY-8024, PWY-8032, PWY-8040, PWY-8043, PWY-8045, PWY-8071,
PWY-8072, PWY-8080, PWY-8081, PWY-8082, PWY-8083, PWY-8086, PWY-8088, PWY-
842, PWY-861, PWY-862, PWY8J2-1, PWY8J2-22, PWYDQC-4, PWYG-321, PWY-IO,
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PWYQT-4450, PWYQT-4476, PYRIDNUCSAL-PWY, PYRIDNUCSYN-PWY,
PYRIDOXSYN-PWY, SAM-PWY, SERDEG-PWY, SERSYN-PWY, SPHINGOLIPID-SYN-
PWY, TAURINEDEG-PWY, THRDLCTCAT-PWY, THREONINE-DEG2-PWY, TRNA-
CHARGING-PWY, TRPCAT-PWY, TRPIAACAT-PWY, TRPKYNCAT-PWY, TRPSYN-
PWY, TRYPDEG-PWY, TYRFUMCAT-PWY, TYRSYN, UDPNACETYLGALSYN-PWY,
UDPNAGSYN-PWY, VALDEG-PWY, and VALSYN-PWY MetaCyc pathways. For example,
in some embodiments, one or more of the defined microbial strains of the high-complexity
defined gut microbial community utilizes at least one, at least 2, at least 3, at least 4, at least 5, at
least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at
least 15, at least 20, at least 25, at least 30, at least 40, at least 50, at least 60, at least 70, at least
80, at least 90, at least 100, at least 125, at least 150, at least 175, at least 200, at least 250, at
least 300, at least 350, at least 400, at least 450, at least 500, at least 550, at least 600, at least
650, or all of the MetaCyc metabolic pathways described above.

6. Microbial Community Backfill

[0071] “Backfill" methods for producing high-complexity defined gut microbial
communities are described in International Application Number PCT/US2019/062,689, which is
incorporated herein in its entirety. Backfill methods include "in vitro backfill" and "in vivo
backfill." In vitro backfill and in vivo backfill may be used in combination as described below. In
some embodiments, only in vitro backfill is used to produce a community. In some embodiments
only in vivo backfill is performed to produce a community. The specification also describes
compositions used in, or produced by, these backfill processes.

[0072] For convenience, the term "backfilling" is used to describe the process of carrying out
an in vitro or in vivo backfill, and the term "backfilled community" refers to a community

produced by a backfill process.

6.1 Producing a Complex Community by in vitro Backfilling

[0073] In one aspect. the invention involves producing a complex microbial community by
in vitro backfilling. A community produced by one or more rounds of in vifro backfilling may be
used as the starting stock for one or more rounds of in vivo backfilling.

6.2 The Microbial Pantry
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[0074] As discussed below, a backfill process includes several steps in which an artificial
community is prepared by combining several individually selected bacterial strains in the same
aliquot. We have designed an initial collection of 109 organisms found in the human gut
(including 104 bacterial strains most prevalent in the population and 4 archaea strains). In one
aspect, the invention provides, as a useful tool for practicing the backfill method, a "Microbial
Pantry," i.e. an array, such as a multiwell plate, of aliquots containing clonal isolates in which a
substantial portion of the strains in Table 7, e.g., at least 80, at least 90, at least 95, or at least 100
strains, are contained in aliquots of the array. In some embodiments the array is a multiwell
plate. Also contemplated is a system in which any combination of individual strains in the
"pantry" can be automatically robotically retrieved and combined in an aliquot. Thus, in one
aspect the invention includes a system comprising an array and a robot under control of a
computer for transferring bacteria. The term "Microbial Pantry" can also refer to a collection of
clonal aliquots (e.g., tubes) together containing at least a substantial portion of strains listed in
Table 7 even if not physically associated in an array, provided the aliquots are in the same
location such that any combination of strains can be retrieved. A Microbial Pantry is typically

stored frozen until use. In some cases microorganisms are provided as spores.

TABLE 7: Exemplary Strains of a Microbial Pantry

Alistipes putredinis DSM 17216 Clostridium scindens ATCC 35704
Acidaminococcus fermentans DSM 20731 Clostridium sp. 1.2-50
Acidaminococcus sp. D21 Clostridium sp. M62/1

Akkermansia muciniphila ATCC BAA-835 Clostridium spiroforme DSM 1552
Anaerococcus lactolyticus DSMZ 7456 Clostridium sporogenes ATCC 15579
Anaerofustis stercorihominis DSM 17244 Collinsella aerofaciens ATCC 25986
Anaerostipes caccae DSM 14662 Collinsella stercoris DSM 13279
Anaerotruncus colihominis DSM 17241 Coprococcus comes ATCC 27758
Bacteroides capillosus ATCC 29799 Coprococcus eutactus ATCC 27759
Bacteroides cellulosilyticus DSM 14838 Desulfovibrio piger ATCC 29098
Bacteroides coprocola DSM 17136 Dialister invisus DSM 15470
Bacteroides coprophilus DSM 18228 Dorea formicigenerans ATCC 27755
Bacteroides dorei 5 1 _36/D4 (HM 29) Dorea longicatena DSM 13814
Bacteroides dorei DSM 17855 Lggerthella lenta DSM 2243
Bacteroides eggerthii DSM 20697 Ethanoligenens harbinense DSMZ 18485
Bacteroides finegoldii DSM 17565 FEubacterium biforme DSM 3989
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Bacteroides fragilis3 1 12
Bacteroides intestinalis DSM 17393
Bacteroides ovatus ATCC 8483
Bacteroides pectinophilus ATCC 43243
Bacteroides plebeius DSM 17135
Bacteroides sp. 1 1 6

Bacteroides sp.2 1 16

Bacteroides sp. 2 1 22

Bacteroides sp.3 1 19

Bacteroides sp. 4 3 4TFAA
Bacteroides sp. 9 1 42FAA
Bacteroides sp. D2

Bacteroides stercoris ATCC 43183
Bacteroides stercoris DSMZ 19555
Bacteroides thetaiotaomicron VP1-5482
Bacteroides uniformis ATCC 8492
Bacteroides vulgatus ATCC 8482
Bacteroides xylanisolvens DSMZ 23964
Bifidobacterium adolescentis 1.2-32
Bifidobacterium longum infantis ATCC
55813

Bifidobacterium pseudocatenulatum DSM
20438

Bilophila wadsworthia DSM 11045
Blautia hansenii DSM 20583

Blautia hydrogenotrophica DSM 10507
Bryantella formatexigens DSM 14469
Butyrivibrio crossotus DSM 2876
Catenibacterium mitsuokai DSM 15897
Clostridium asparagiforme DSM 15981
Clostridium bartlettii DSM 16795
Clostridium bolteae ATCC BAA-613
Clostridium hathewayi DSM 13479
Clostridium hylemonae DSM 15053

Eubacterium dolichum DSM 3991
Eubacterium eligens ATCC 27750
Eubacterium hallii DSM 3353
Eubacterium rectale ATCC 33656
Eubacterium siraeum DSM 15702
Eubacterium ventriosum ATCC 27560
Faecalibacterium prausnitzii A2-165
Granulicatella adiacens ATCC 49175
Holdemania filiformis DSM 12042
Lactobacillus ruminis ATCC 25644
Lactococcus lactis DSMZ 20729
Mitsuokella multacida DSM 20544
Olsenella uli DSM 7084
Parabacteroides distasonis ATCC 8503
Parabacteroides johnsonii DSM 18315
Parabacteroides merdae DSMZ 19495
Parabacteroides sp. D13

Prevotella buccae D17

Prevotella buccalis DSMZ 20616
Prevotella copri DSM 18205
Roseburia intestinalis 11-82

Roseburia inulinivorans DSM 16841
Ruminococcus albus strain 8
Ruminococcus bromii ATCC 27255
Ruminococcus flavefaciens FD 1
Ruminococcus gnavus ATCC 29149
Ruminococcus lactaris ATCC 29176
Ruminococcus obeum ATCC 29174
Ruminococcus torques ATCC 27756
Slackia exigua DSMZ 15923

Slackia heliotrinireducens DSM 20476
Solobacterium moorei DSM 22971
Streptococcus thermophilus LMD-9
Subdoligranulum variabile DSM 15176
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Clostridium leptum DSM 753 Veillonella dispar ATCC 17748

Clostridium methylpentosum DSM 5476 Veillonella sp. 6 1 27

Clostridium nexile DSM 1787 Methanobrevibacter smithii Balch and Wolfe
Clostridium saccharolyticum WM DSMZ 1981 strain B181 (DSMZ 11975)

2544 Methanobrevibacter smithii Balch and Wolfe

Methanobrevibacter smithii Balch and Wolfe | 1981 strain PS (DSMZ 861)
1981 strain ALI (DSMZ 2375)
Methanobrevibacter smithii Balch and Wolfe
1981 strain F1 (DSMZ 2374)

[0075] In addition to the strains listed in Table 7, it is contemplated that other bacterial
strains (which will typically be anaerobes or facultative anaerobes) may be used in backfill
methods, including non-naturally occurring genetically modified organisms. Exemplary genetic
modifications include, without limitation, mutation or knock out of enzyme-encoding genes and

expression of heterologous genes.

6.3 First Backfill Community

[0076] Backfilling is an iterative process. A "first backfill community" is prepared by
combining strains of a "scaffold community" with "backfill strains." Broadly speaking, and
without intending to be bound by a particular mechanism, the scaffold community is a
combination of strains selected to produce a desired metabolic phenotype. Backfill strains are a
combination of strains selected to include strains that contribute to the stability of the first
backfill community in vifro and contribute to the stability of a resulting transplantable
community in the human gut. Without intending to be bound by a particular mechanism, it is
believed that the backfill processes increase the complexity of the community and that

communities with higher complexity tend to inhabit more niches in the gut and be more stable.

6.4 Scaffold Community

[0077] A scaffold community comprises a plurality of strains common in the human gut
microbiome. A given scaffold community typically contains 5-100 strains, usually 10-30 strains.
The scaffold community may comprise one or more strains listed in Table 7 such as, for

example, at least 5, at least 10, at least 20, or at least 30 strains listed in Table 7. In some
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approaches, at least 50%, 75%, 90% or all of the strains in a scaffold community are selected

from Table 7.

[0078] The scaffold community is selected to exhibit a desired phenotype, typically a desired
metabolic phenotype. A "metabolic phenotype" of a community, as described above, refers to the
production or consumption of metabolites by the community. An exemplary metabolic
phenotype is the ability to increase or decrease the concentration of a compound or compounds
in the environment as a result of microbial metabolic processes. For example, a scaffold
community comprising Clostridium sporogenes may consume phenylalanine and produce
tyrosine, in which case the metabolic phenotype could be "produce tyrosine." Similarly, a
community comprising Proteus mirabilis in an environment containing urea may decrease the
concentration of urea and increase the concentration of ammonia, and a community comprising
Bacillus subtilis in an environment containing sucrose may decrease the concentration of sucrose
and increase the concentration of glucose. Importantly, however, these simple illustrations vastly
oversimplify the metabolic processes that occur in a microbial ecosystem. For example, the
metabolic product of a first member of a microbial community may be a metabolic substrate for
a second member of the community, or the metabolic product of one member of the microbial
community may be a transcriptional activator in another microbe or, alternatively, may be toxic
to the other microbe. In a complex microbial ecosystem comprising hundreds of different strains,
it is not possible, using current methods, to accurately predict the network of interactions of
strains, metabolites, and environmental factors of a particular microbial ecosystem even if the
identity of each species present is known. Further, unless or until a microbial ecosystem is at
homeostasis, the combination of strains in the population will be unstable and may change in

unpredictable ways, which may change the metabolic phenotype of the community.

6.5 Creating First in vitro Backfill Communities by Adding Backfill Strains fo Scaffold

Communities

[0079] To create a first in vifro backfill community, the designed scaffold community is
supplemented with additional microbial strains referred to as "backfill strains." For example,
each scaffold community may be combined with 35 to 495 additional strains. In some
embodiments, each scaffold community may be combined with between 40 and 400, between 40
and 300, between 40 and 200, between 40 and 150, between 40 and 140, between 40 and 130,
between 40 and 120, between 40 and 110, between 40 and 100, between 50 and 400, between 50
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and 300, between 50 and 200, between 50 and 150, between 50 and 140, between 50 and 130,
between 50 and 120, between 50 and 110, between 50 and 100, between 60 and 400, between 60
and 300, between 60 and 200, between 60 and 150, between 60 and 140, between 60 and 130,
between 60 and 120, between 60 and 110, between 60 and 100, between 70 and 500, between 70
and 400, between 70 and 300, between 70 and 200, between 70 and 150, between 70 and 140,
between 70 and 130, between 70 and 120, between 70 and 110, between 70 and 100, between 80
and 400, between 80 and 300, between 80 and 200, between 80 and 150, between 80 and 140,
between 80 and 130, between 80 and 120, between 80 and 110, between 80 and 100, between 90
and 400, between 90 and 300, between 90 and 200, between 90 and 150, between 90 and 140,
between 90 and 130, between 90 and 120, between 90 and 110, between 90 and 100, between
100 and 400, between 100 and 300, between 100 and 200, between 100 and 150, between 100
and 140, between 100 and 130, between 100 and 120, or between 100 and 110 defined microbial
strains. The backfill strains and the strains of the scaffold community may be combined in any
order. For example, backfill strains can be added in a single batch to all of the scaffold
community strains. Alternatively, subsets of scaffold community strains may be combined with

subsets of the backfill strains, in any desired sequence.

6.6 Parallel Backfill Communities

[0080] In vitro backfill methods are carried out according to the methods disclosed herein,
by testing many different lineages and combinations in parallel as described in greater detail
below. Although in principle a single first in vifro backfill community can be produced by
combining a single scaffold community with backfill strains, the robustness of the method arises,
in part, from parallel processing of multiple communities. Typically a plurality of first in vitro
backfill communities designed to exhibit a predetermined metabolic phenotype are produced
(e.g., typically from 2 to 100 communities, and generally at least 5, at least 10 or at least 15
communities) by combining scaffold communities and backfill communities. In one approach,
multiple aliquots of one scaffold community are used. In one approach multiple different
scaffold communities are used, where the communities are designed for the same metabolic
phenotype but with different (sometimes only slightly different) combinations of strains. In each
approach, one combination of backfill strains, or multiple different combinations of backfill

strains may be used. Thus, in the in vitro backfill process, multiple first backfilled communities

may be created, propagated, and assayed in parallel.
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[0081] The number of different first backfill communities assayed in parallel can range from
2 to 100 or more. Typically the number is greater than 5, greater than 10, greater than 25, greater

then 50, or greater than 100.

6.7 Culturing in vitro Backfill Communities

[0082] The first backfill communities, as well as subsequent in vifro backfill communities
(described below) are cultured for a period of time and then are assessed as described below. The
strains may be cultured for 2 hours to 10 days, although longer or shorter times can be used. For
example, the backfill communities can be cultured for 1 to 72 hours, e.g., 12 to 72 hours, 12 to
48 hours, or 24 to 48 hours. Typically the strains are cultured in an environment that mimics the
temperature of the human gut (e.g., 36-38 °C) and low pO; (e.g., under anaerobic conditions).
Preferably a single universal culture medium is used, which may be designed to approach the

conditions encountered in the mammalian (e.g., human) gut.

6.8 Assessing and Ranking in vitro Backfill Communities

[0083] At the end of a culture period, or at multiple times during a culture period, one or
more properties of the first backfill communities, as well as subsequent in vifro backfill
communities, can be assessed. For illustration and not limitation, exemplary properties that can

be assessed include a metabolic phenotype and antibiotic resistance.

6.9 Assessing Strain Composition

[0084] At the end of a culture period, or at any desired time during culture, the strain
composition of a backfill community can be determined. Strain composition can be determined
by metagenomic analysis, by quantitative assessments such as qPCR, using microbiological
techniques such as colony counting, or combinations of methods. In one aspect, the abundance,

or relative proportions, of individual strains can be measured.

6. 10 Assessing Changes in Strain Composition

[0085] By determining the strain composition of a community at different timepoints,
changes in composition can be detected. Some strains "drop out" during culture and/or during in

vivo backfill. Changes in strain composition over different rounds or iterations of in vitro or in
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vivo backfilling, discussed below, can be used as a measure of "Community Composition

Stability," i.e. stability, as defined above.

6.11 Assessing Metabolic Phenotype

[0086] The metabolic phenotype of a backfill community can be determined at the end of, or
during, a culture p