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$��ËÀ� űƝ I�ŬŬŮ v���¨�ÀvÈ�Ã À��³Û�Àâ v�È�À �OOư�®�Ë��� �³¨�È�Ã �® ­���ƛ vƛ ��ËÈ� �³¨�È�Ã ÜvÃ �®�Ë��� �® ��­v¨� �űų�4ƨŲ ­��� �â
ÃË½½¨�­�®È�®� È�� �À�®§�®� ÜvÈ�À Ü�È� �OO �³À Ã�Û�® �vâÃ ƪ�À³­ �vâ ŭ È³ �vâ Ŵƫƛ �È �vâ ŴƜ ­��� Ü�À� ÃÜ�È���� �v�§ È³ ®³À­v¨ �À�®§ư
�®� ÜvÈ�Àƛ 9��� Ü�À� ÈÀ�vÈ�� ³®�� v �vâ �â ŮŬŬ Ǥ4 ³Àv¨ �vÛv�� ³® �vâÃ ŴƜ ŵƜ v®� ŭŬ Ü�È� È�� �³ư�Ë¨ÈËÀ�� �³®Ã³ÀÈ�Ë­ ƪ��Ɯ �¨Ë�ƫƜ È��
®³®ư�³ư�Ë¨È�ÛvÈ�� ÃÈÀv�® ­�á ƪO9Ɯ ³Àv®��ƫƜ È�� �³®��È�³®�� ­���Ë­ �À³­ È�� �³®È�®Ë³ËÃ ��À­�®ÈvÈ�³® ƪ�9Ɯ �À��®ƫƜ ³À Ü�È� $9S �À³­
v ��v¨È�â �Ë­v® �³®³À ƪ$9SƜ �À³Ü®ƫƛ S�� �³®ÈÀ³¨ �À³Ë½ ÜvÃ ��Û�® ®³À­v¨ ÜvÈ�À È�À³Ë��³ËÈ È�� Ü�³¨� �á½�À�­�®È ƪ(Ů?Ɯ �À�âƫƜ v®�
È�� �OO �³®ÈÀ³¨ �À³Ë½ ÜvÃ �vÛv��� Ü�È� ½�³Ã½�vÈ�ư�Ë���À�� Ãv¨�®� ƪ�OOƜ À��ƫƛ 9��� Ü�À� �ËÈ�v®�ç�� vÈ �vâ ŭŲƛ : Ǔ Ű È³ ű ½�À �À³Ë½ƛ
�ƛ 9��� ÈÀ�vÈ�� Ü�È� �� ³À $9S À��v�®�� �³�â Ü����È ­³À� Àv½��¨â È�v® ­��� È�vÈ À����Û�� È�� ³È��À ÈÀ�vÈ­�®ÈÃƛ �ÀÀ³À �vÀÃ vÀ� È��
ÃÈv®�vÀ� �ÀÀ³ÀÃƛ �ƛ �À�v Ë®��À È�� �ËÀÛ� ƪ�V�ƫ ³� È�� �v�¨â À�¨vÈ�Û� �³�âÜ����È �³À �v��­³ËÃ�ƛ ?®¨â ��ưÈÀ�vÈ��­��� �v� v® �V� È�vÈ
ÜvÃ Ã��®�ï�v®È¨â ¨³Ü�À È�v® È�� �OO �³®ÈÀ³¨ ­��� ƪ¨�®�vÀ ­³��¨Ɯ β = 0.65, p = 0.030ƫƛ S�� �ÀÀ³À �vÀÃ Ã�³Ü È�� �³®ï��®�� �®È�ÀÛv¨
�³À È�� ­�v® ƪŭƛŵŲ á O�9ƫƛ �ƛ L�½À�Ã�®ÈvÈ�Û� ¨���È ­��À³�Àv½�Ã ³� ¨vÀ�� �®È�ÃÈ�®� Ã��È�³®Ã vÈ È�� È�­� ³� �ËÈ�v®vÃ�v ƪ(Ǫ� ÃÈv�®�®�Ɯ ŭŬ
e ­v�®�ï�vÈ�³®ƫƛ �� v®� $9S Ã�³Ü�� ÃÈÀË�ÈËÀv¨ À��³Û�Àâ ³� È�� �½�È��¨�Ë­ �³­½vÀv�¨� È³ È�� �³®ÈÀ³¨ �À³Ë½ƛ 9��� È�vÈ À����Û�� �9Ɯ
O9Ɯ ³À I�O Ã�³Ü�� v ÃË�ÃÈv®È�v¨ ���Àv�vÈ�³® v®� �®ðv­­vÈ�³® ³� È�� ���v¨ �½�È��¨�Ë­ƛ �ƛ (�ÃÈ³¨³���v¨ vÃÃ�ÃÃ­�®È ³� È�� �½�È��¨�v¨
�v­v�� v®� �®ï¨ÈÀvÈ�³® �® È�� ��ÃÈv¨ �³¨³®ƛ SÀ�vÈ­�®È Ü�È� �� v®� $9S Ã�³Ü�� À��Ë��� �½�È��¨�v¨ �v­v�� v®� �®ï¨ÈÀvÈ�³® �³­½vÀ��
È³ I�O ƪ¨�®�vÀ ­³��¨Ɯ p < 10−4 �³À v¨¨ ­vÀ§�� �³­½vÀ�Ã³®Ãƫƛ
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Supplementary Figures 

 

Figure S1: Metabolic profile of the selected nine strains as single cultures in five different cultivation media in Hungate tubes. 
The produced or consumed metabolites were used to assign A, B and C reactions to the respective single strains. Metabolite 
concentrations were quantified by HPLC-RI after 48 h and / or 7 days of batch incubations. Strains were inoculated in a 1:100 
ratio. Data shown for two technical replicates per medium and strain as means + SD. 
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Figure S2: Growth of strains in single culture vs. co-culture. Absolute growth of the selected nine PB002 strains inoculated 
either as single strains or as co-cultivated consortium as quantified by qPCR after 48 h of batch incubations in Hungate tubes 
on 3xb PBMF009 medium. The top panel shows cell counts estimated by qPCR for 2 – 3 repetition experiments. Some 
measurements were left out due to failure of DNA extraction. Four of the nine strains showed no or only weak growth in 
monoculture on the 3xb PBMF009 medium. In contrast, co-culturing enabled the growth of all nine strains of PB002. The 
bottom panel shows the OD600 measurement of the same single strain cultures. OD 600 measurements of the co-culture is on 
the right. Light grey: single stains, dark grey: co-culture. Circles, squares, and triangles indicate three replicates. qPCR data 
is normalized by the 16S rRNA gene copy number of each strain.  
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Figure S3: Metabolites produced in single cultures and co-cultures in Hungate tubes. Metabolite concentrations of the 
selected nine PB002 strains inoculated either as single strains or as co-cultivated consortium (PB002) as quantified by HPLC-
RI after 0 h, 24 h, and 48 h of batch incubations in Hungate tubes on PBMF009 medium. Circles, squares, and triangles indicate 
three biological replicates.  
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Figure S4: A repeatable and robust metabolic profile and community composition is reached within 11 days of continuous co-
cultivation that follows an initial 48 h of fed-batch fermentation. a. The metabolite profile contained exclusively end 
metabolites near the 3:1:1 ratio, reached the same concentrations in all repetitions, and remained stable for up to 92 days. b. 
The community composition also reached a common equilibrium and overall yield, despite early transient differences, as 
shown by absolute strain abundances measured by qPCR as well as the PCA plot. Data is shown for six replicate bioreactors, 
each in a different color. qPCR data are normalized by the 16S rRNA gene copy number of each strain. 
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Figure S5: Spleen weight and colon length from the DSS mouse experiment. Mouse spleen weight (left panel) and colon 
length (right panel) of individual C57/B6 mice at day 16 of experimentation. Each symbol corresponds to one mouse. Error bars 
show the computed confidence interval for the mean. 
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Figure S6: Repetition of the DSS mouse experiment. a. Relative weight loss/gain on average per group with error bars 
signifying the standard error (SE). Treatment group, receiving the CC, showed a weight recovery superior to all other treatment 
groups. b. Area under the curve (AUC) of the experiment. c. Representative histological preparations of the large intestine on 
the day of sacrifice using H&E staining procedure. CC is the only treatment group showing structural recovery of the epithelium 
comparable to the healthy control group on the day of sacrifice. CM, SM, and PBS control still display substantial degradation 
and inflammation of the cecum's epithelium. d-e. Histological assessment of the epithelial damage (d) and infiltration (e) of 
the distal colon at day 16. f-g. Colon length (f) and spleen weight (g) at day 16. All mice from the FMT treatment group were 
euthanized before the end of the experiment, due to weight loss > 30%. Data is shown for four mice per control groups and five 
mice per treatment groups. 
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Supplementary Tables 
 
Table S 1: Composition of nutritive growth medium PBMF009 (g/L) on the left side and the three-times buffered 
version of PBMF009 used in Hungate tube experiments on the right side. 

Constituent and supplier PBMF009 3xb PBMF009 

g/L g/L 

Amicase, casein acid hydrolysate, from bovine milk 5 5 

Yeast extract for biotechnology Fermtech® 2.5 2.5 

Cellobiose 3 3 

Fibrulose F97 2 2 

Soluble potato starch 3 3 

Resistant starch “Amidon de pois N-735” 4 4 

Hemin 0.025 0.025 

Resazurin 0.001 0.001 

D-(+)-Biotin 0.00001 0.00001 

Cobalamin 0.00001 0.00001 

P-aminobenzoic acid 0.00003 0.00003 

Folic acid 0.00005 0.00005 

Pyridoxamine 0.00015 0.00015 

K2HPO4 0.15 0.066 

KH2PO4 0.15 0.066 

NaCl 0.3 0.132 

(NH4)SO4 0.3 0.132 

MgSO4 0.03 0.0132 

CaCl2 0.03 0.0132 

Cysteine HCl 1 1 

NaHCO3 4 8 

All Sigma-Aldrich (Buchs, Switzerland), except Fibrulose F97 from Cosucra-Group Warcoing SA (Warcoing, Belgium), 
and resistant starch “Amidon de pois N-735” from Roquette Frères (Lestrem, France) 
Abbreviation: 3xb = three-times buffered 
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Table S 2: Genus specific primers used for the enumeration of the PB002 consortium members in fermentation 
effluent samples by qPCR analysis. 

Primer 
identification 

Sequence 5'-3' Number of 
bases 

Melting 
temperature [°C] 

Target bacterial strain within 
PB002 
(number of 16S rRNA gene 
copies per strain) 

PB007_F CGCGTGAAGGATGAAGGTTTTC 22 62.1 Ruminococcus bromii 
(3) 

PB008_R TCAGTTAAAGCCCAGCAGGC 20 60.5 Ruminococcus bromii (3) 

PB006_F CGCGGTAAAACGTAGGTCACA 21 61.2 Faecalibacterium prausnitzii (6) 

PB007_R CTGGGACGTTGTTTCTGAGTTT  23 60.1 Faecalibacterium prausnitzii (6) 

PB001_F GGAATCTTCCACAATGGACGCA 22 62.1 Lactobacillus rhamnosus (5) 

PB001_R CATGGAGTTCCACTGTCCTCTT 22 62.1 Lactobacillus rhamnosus (5) 

PB002_F GTCCATCGCTTAACGGTGGATC 22 64.2 Bifidobacterium adolescentis (4) 

PB002_R ACCACCTGTGAACCCGC 17 57.3 Bifidobacterium adolescentis (4) 

PB005_F GCACTCCACCTGGGGAGT 18 60.8 Anaerotignum lactatifermentans 
(5) 

PB006_R CAACCTTCCTCCGGGTTATCCA 22 64.2 Anaerotignum lactatifermentans 
(5) 

ELI-1  GGCTTGCTGGACAAATACTG  21  55.4 Eubacterium limosum 
(5) 

ELI-2  CTAGGCTCGTCAGAAGGATG 20  57.5 Eubacterium limosum 
(5) 

PB031_F GGTAGGGGAGGGTGGAAC 18 60.8 Collinsella aerofaciens (5) 

PB031_R GCGGTCCCGCGTGGGTT 17 61.8 Collinsella aerofaciens (5) 

PB026_F GGAGTGCTAATACCGGATGTGA 22 62.1 Phascolarcto-bacterium 
faecium (5) 

PB026_R CCGTGGCTTCCTCGTTTACT 20 60.5 Phascolarcto-bacterium 
faecium (5) 

PB008_F CGTGAAGGAAGAAGTATCTCGGTA 24 63.6 Blautia hydrogenotrophica (4) 

PB009_R TCAGTTACCGTCCAGCAGGCC 21 65.3 Blautia hydrogenotrophica (4) 

All primers previously reported in reference 1 
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Table S 3: Metabolic functions and pathways affiliation of PB002. The metabolic pathway numbers according to Fig. 
1a were assigned to the nine strains using Hungate tube batch fermentations on five different cultivation media. The 
preferred growth medium was defined as the medium in which the respective strains reached the highest OD600 within 
48 h of batch fermentation. The specific growth rates were performed in the preferred growth medium.  

Metabolic function Metabolic pathway Nr. 
corresponding to Figure 
1a 

Bacterial strains  Preferred growth 
medium and 
growth rate (h-1) 

Resistant starch degrader and 
formate and/or acetate 
producer  

A1, A2, A4  Ruminococcus bromii  YCFA 
0.08 

Starch degrader, acetate-
consuming and butyrate-
producer 

A1, A2, A3, A4  
B2 

Faecalibacterium prausnitzii  M2GSC 
0.11 

O2 reducer, lactate and 
formate producer 

A1, A2, A4  
 
C1 

Lactobacillus rhamnosus  YCFA 
0.52 

Starch degrader, lactate, 
formate and acetate producer 

A1, A2, A4  Bifidobacterium adolescentis  YCFA 
0.53 

Protein degrader, lactate-
utilizing and propionate 
producer 

A2, A3, A5  
B2, B3, B4 

Anaerotignum lactatifermentans  M2GSC 
0.5 

Starch degrader, lactate 
degrading and acetate and 
butyrate producer 

A2, A3  
B1, B3 
C2 

Eubacterium limosum  YCFA 
0.25 

Lactate, formate and acetate 
producer, formate utilizer 

A1, A2, A4 
B1 

Collinsella aerofaciens  YCFA 
0.32 

Protein degrader, succinate-
reducing, propionate producer 

A5  
B5 

Phascolarctobacterium faecium  M2SU 
0.06 

H2 reducer, formate-reducing 
acetate-producer 

A2  
B1 
C2 

Blautia hydrogenotrophica M2GSC 
0.39 
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Table S 4: In silico metabolic pathway affiliation. Metabolic pathways were predicted using gutSMASH with the whole 
genomes of the PB002 strains. 

Bacterial strains  Predicted metabolic function using gutSMASH (similarity 100%)2 

Ruminococcus bromii  Pyruvate to acetate and formate3 

Faecalibacterium prausnitzii  Pyruvate to acetate and formate3 
Acetate to butyrate4 
Putrescine to spermidine5 

Lactobacillus rhamnosus  Pyruvate to acetate and formate3 
Gallic acid metabolism6 

Bifidobacterium adolescentis  Pyruvate to acetate and formate3 
Fumarate to succinate7 

Anaerotignum lactatifermentans  Acrylate to propionate8 
PFOR II pathway9 

Eubacterium limosum  Acetate to butyrate4 
RNF complex10 
PFOR II pathway9 

Collinsella aerofaciens  Gallic acid metabolism6 

Phascolarctobacterium faecium  Gallic acid metabolism6 
RNF complex10 
Succinate to propionate pathway11 

Blautia hydrogenotrophica PFOR II pathway9 
Gallic acid metabolism6 
P-cresol synthesis cluster12 

 

Table S 5: Mixing ratios of the single strains for the ‘controlled ratio’ inoculum were selected to mimic the natural 
abundance of the respective genera in the host-microbiota from which seven out of the nine strains were isolated, as 
defined by next-generation sequencing (MiSeq, Starseq). 

Bacterial strains  Relative Abundance in 
donor microbiota (genus 
level) [%] 

Mixing ratio of strains for 
‘controlled-ratio’ (CR) 
inoculum (%) 

Ruminococcus bromii  8.15 4 

Faecalibacterium prausnitzii  13.65 30 

Lactobacillus rhamnosus  0.003 0.0004 

Bifidobacterium adolescentis  3.30 2 

Anaerotignum lactatifermentans  3.00 20 

Eubacterium limosum  3.75 20 

Collinsella aerofaciens  1.45 2 

Phascolarctobacterium faecium  2.35 20 

Blautia hydrogenotrophica 2.50 2 
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Table S6: Regression coefficients for the weight area under the curve (AUC) on treatment compared to PBS for the 
first DSS experiment. A smaller AUC implies less weight loss. 
  

Beta Standard error t p 
H2O -1.028 0.299 -3.439 0.0023 
CC -0.658 0.283 -2.322 0.0299 
FMT -0.568 0.283 -2.003 0.0576 
SM -0.081 0.283 -0.285 0.7780 
CM 0.040 0.283 0.141 0.8888 

 
Adjusted R2 = 0.403, F(5,22) = 4.65, p = 0.00481. 

 

 

Table S7: Regression coefficients for the epithelial damage score on treatment compared to PBS for the first DSS 
experiment. A larger score implies more damage.  

Beta Standard error t p 
H2O -3.625 0.334 -10.849 2.69E-10 
CC -1.825 0.317 -5.757 8.61E-06 
FMT -1.575 0.317 -4.969 5.68E-05 
SM -0.525 0.317 -1.656 1.12E-01 
CM -0.325 0.317 -1.025 3.16E-01 

 
Adjusted R2 = 0.859, F(5,22) = 27.4, p = 1.722 × 10-6. 

 
 
Table S8: Regression coefficients for the infiltration score on treatment compared to PBS for the first DSS 
experiment. A larger score implies more damage.  

Beta Standard error t p 
H2O -3.625 0.2944 -12.315 2.41E-11 
CC -1.85 0.2793 -6.625 1.16E-06 
FMT -1.45 0.2793 -5.192 3.31E-05 
SM -0.55 0.2793 -1.97 0.0616 
CM -0.15 0.2793 -0.537 0.5966 

 
Adjusted R2 = 0.892, F(5,22) = 45.4, p = 7.33 × 10-9. 
 
Table S9: Regression coefficients for the colon length on treatment compared to PBS for the first DSS experiment. 
  

Beta Standard error t p 
H2O 2.8 0.3931 7.122 3.84E-07 
CC 1.56 0.373 4.183 0.000386 
FMT 1.22 0.373 3.271 0.003492 
SM 0.16 0.373 0.429 0.672085 
CM -0.08 0.373 -0.215 0.832128 

 
Adjusted R2 = 0.760, F(5,22) = 18.1, p = 3.91 × 10-7. 
 
 
Table S10: Regression coefficients for spleen weight on treatment compared to PBS for the first DSS experiment. A 
larger score implies more damage.  

Beta Standard error t p 
H2O -0.125 0.01591 -7.856 7.97E-08 
CC -0.071 0.0151 -4.703 0.000108 
FMT -0.071 0.0151 -4.703 0.000108 
SM -0.007 0.0151 -0.464 0.6474 
CM 0.009 0.0151 0.596 0.557115 

 
Adjusted R2 = 0.813, F(5,22) = 24.6, p = 2.58 × 10-8. 
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Table S11: Regression coefficients for the weight area under the curve (AUC) on treatment compared to PBS for the 
second DSS experiment. A smaller AUC implies less weight loss. 
  

Beta Standard error t p 
H2O -2.2602 0.2927 -7.723 2.06E-06 
CC -0.6071 0.2927 -2.075 0.0569 
SM -0.2646 0.2927 -0.904 0.3812 
CM -0.2483 0.2827 -0.878 0.3947 

 
Adjusted R2 = 0.854, F(4,14) = 27.4, p = 1.72 × 10-6. 

 

 

Table S12: Regression coefficients for the epithelial damage score on treatment compared to PBS for the second 
DSS experiment. A larger score implies more damage.  

Beta Standard error t p 
H2O -3.75 0.3819 -9.82 1.17E-07 
CC -1.75 0.3819 -4.583 0.000426 
SM -0.1875 0.3819 -0.491 0.631019 
CM -0.2 0.3689 -0.542 0.596247 

 
Adjusted R2 = 0.916, F(4,14) = 50.4, p = 3.70 × 10-8. 

 
 
Table S13: Regression coefficients for the infiltration score on treatment compared to PBS for the second DSS 
experiment. A larger score implies more damage.  

Beta Standard error t p 
H2O -3.75 0.3372 -11.123 2.46E-08 
CC -1.5625 0.3372 -4.634 0.000386 
SM -0.25 0.3372 -0.742 0.470645 
CM 0.15 0.3257 0.461 0.652216 

 
Adjusted R2 = 0.938, F(4,14) = 69.4, p = 4.52 × 10-9. 

 
Table S14: Regression coefficients for the colon length on treatment compared to PBS for the second DSS 
experiment. A larger score implies more damage.  

Beta Standard error t p 
H2O 4.275 0.4955 8.628 5.62E-07 
CC 1.8 0.4955 3.633 0.00272 
SM 0.375 0.4955 0.757 0.46171 
CM 0.08 0.4787 0.167 0.86967 

 
Adjusted R2 = 0.893, F(4,14) = 38.6, p = 2.04 × 10-7. 

 
 
Table S15: Regression coefficients for the spleen weight on treatment compared to PBS for the second DSS 
experiment. A larger score implies more damage.  

Beta Standard error t p 
H2O -0.089 0.02626 -3.389 0.00441 
CC 0.007 0.02626 0.267 0.79369 
SM -0.02975 0.02626 -1.133 0.27629 
CM -0.0059 0.02537 -0.233 0.81947 

 
Adjusted R2 = 0.547, F(4,14) = 6.43, p = 0.00374. 
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