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Figure S1. The taxonomic

microbiome donors align with diabetes status and metformin treatment. (A) Principle coordinates
analysis plots based on unweighted and weighted UniFrac distances grouped by type 2 diabetes and
metformin treatment. The significant differences between groups were calculated by permutational
multivariate analysis of variance (PERMANOVA) tests. (B) The gut microbiota composition of obese
adults with type 2 diabetes versus healthy were characterized by 16S rRNA gene amplicon sequencing and

shotgun metagenomics. All known bacterial taxa with mean relative abundance less than 1% and
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(A) Significantly differentially abundant bacterial taxa and functional pathways of shotgun data were
identified by Linear Discriminant Analysis Effect Size (LEfSe) analysis (p<0.05, Mann—Whitney U test;
and LDA score > 2.0). (B) The gut microbiota composition of obese adults with type 2 diabetes versus
healthy at species level. All known bacterial taxa with mean relative abundance less than 1% and
unclassified taxa were merged to form the Other/Unclassified group. IM032 and IM003 were selected as

donors for the human-to-mouse microbiome transplantation.
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Figure S3. Engraftment of the two human gut microbiota donors into antibiotic-treated mice. Each
column represents an
Presence of genera is in black and absence as white. Only classified genera which are present in at least by
50% of overall samples in each groups or in human donors are displayed. W, week; W-6 (week minus 6),
murine microbiota before antibiotic treatment. Murine genera are detected only in the mouse stool before
antibiotic treatment whereas human genera are detected in the donor stool and present less than 50% in the

pre-treatment mouse group. Common genera are found in both the human donor and pre-treatment mouse

stools.
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Figure S4. Significant differences in a-diversity in obese healthy and type 2 diabetes inoculated mice
with/without B-glucan. (A) Significant changes in bacterial a-diversity between time points were
calculated using Wilcoxon rank sum test adjusted using Benjamini—-Hochberg (BH) correction. (B) Alpha
diversity comparisons of the gut microbiota between obese type 2 diabetes inoculated mice and obese
healthy inoculated mice. Mann-Whitney U tests were performed between two unpaired groups. *p<0.05,
**p<0.01, ***p<0.001.
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Figure SS. Significant differences in p-diversity between time points in obese healthy and type 2
diabetes inoculated mice with/without B-glucan. (A) Principle coordinates analysis plots based on
Bray-Curtis dissimilarity visualizing the dissimilarity gut microbiota composition over time. The
significant differences among groups were calculated by permutational multivariate analysis of variance
(PERMANOVA) tests. (B) Boxplots represents the distribution of Bray-Curtis dissimilarity of the faecal
microbiota profiles between HFD-diet weeks (W5, W10 and W12) and LFD-diet week (W3) in non
B-glucan consumption (BG-) versus B-glucan consumption (BG+). Mann-Whitney U tests were performed
between two diet groups. *p<0.05, **p<0.01.
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Figure S6. Significantly differentially abundant taxa at family level and genus level in obese type 2

diabetes microbiota inoculated mice or obese healthy inoculated mice associated with p-glucan

consumption at each time point. (A) Mean relative abundance of the represented microbial taxa. Only

taxa having a mean relative abundance of >1% are shown. (B) The significant differences in taxa between

two diet groups were determined by Mann—Whitney U adjusted using Benjamini—Hochberg correction.
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Figure S7. Heatmap showing correlations between the relative abundance of bacterial OTUs at
week 10 and the expression of Cpt/a, Abcg8 genes and HOMA-IR. Bacterial OTUs with Spearman's

correlation coefficient value greater than 0.4 are shown. Significance correlations are indicated by * for

nominal p-values < 0.05 and * for 0.05 < p < 0.1. Abbreviation: o _, order; f , family; g , genus; s_,

species.



Supplemental Tables.

Table S1. Clinical characteristics of participants, grouped by diabetes status

Characteristics Obe(sr:e i—iig;thy O?r:as:e ;(_)%D P-value
Age (years) 50.1+9.4 49.4+9.2 0.87"
Weight (kg) 128.7 +28.2 140.2 + 37.4 0.77"
BMI (kg/m?) 45+ 6.7 46.5+11.2 0.72"
Fasting glucose (mmol/L) 4.7+0.3 9.1+53 0.0027
HbA1c (mmol/mol) 346+2.1 59 + 24.2 0.0017
Gender (#female:male) 7:8 2:8 0.23"
Acrtificial sweeteners (# no:yes) 8:7 7:3 0.68"
Metformin treated (#no:yes) 15:0 2:8 <0.001"

Data are expressed as mean + SD.
P-value was calculated by Kruskal-Wallis test (") and Fisher's exact test (7).




Table S2. Clinical characteristics of study participants

Donor
Subject Metformin Age | Weight BMI Fasting HbAlc Diabetes selected Relevant Medication*
Group code Gender treated (years) (kg) (kg/m?) glucose (mmol/mol) | diagnosis for
(mmol/L) mouse
study

IM005 Female No 54 97.2 40.98 5 36 No No Elthroxine 75mg oD

IM008 Female No 57 118.8 4471 5 35 No No Difene 75 mg OD

IM028 Female No 49 97.3 36.2 4.4 36 No No Effexor 225mg OD
Methotrexate 10mg x2 Once a week;
Hydroxychloroquine 200mg x2 Daily;

IM031 Female No 59 84.8 30.8 4 31 No No Elthroxine 100mg Daily; Folic acid 5mg Once a
week; Esomeprazole 20mg Daily; Paroxetine
20mg Daily; Multivitamin A-Z 1 Daily

IM004 Male No 45 185.4 55.97 4.8 32 No No Fybogel OD

IM015 Male No 49 133.6 46.2 4.9 38 No No None
Atorvastatin 10mg OD; Nuprin,aspirin 75mg

IM017 Male No 46 132.8 452 N/A 37 No No OD: Lecalpin 20mg OD: Pain patch PRN 20mg

Obese Lexapro 10mg OD; Xenacol 120mg TDS; Synex
Healthy IM024 Male No 32 149.1 44.1 4.8 34 No No spray PRN; Ventolin PRN

IM002 Female No 41 142 53.4 4.6 32 No No Ponstan 500mg 1/m0nth
Arcoxia 90mg OD; Codipar 15 mg BD; Lipitor

IM012 Female No 61 91 36.9 4.6 32 No No 10mg OD: Ventolin PRN

IMO14 Female No 35 112.8 495 45 35 No No Elthroxine 125mg/75mg OD (alternate days);

' ) ) Fybogel OD
Stilnoct 10mg OD; Zispin 30mg OD; Oxycontin

IM010 Male No 56 135.4 44.7 4.8 35 No No 10mg OD; Lexapro 20mg OD; Arcoxia 90mg
oD
Micardis plus 80mg OD; Furosemide 40mg OD;

IM022 Male No 55 145.8 48.7 4.8 37 No No Ibuprofen PRN

IM023 Male No 48 161.9 50.5 4.5 35 No No None

Health Atorvastatin 20mg OD; Bisoprolol 10mg OD;
1IM032 Male No 65 142.2 46.4 45 34 No donory Nuprin 75mg OD; Ramipril 5mg OD; Dilzem
240mg OD; Bendroflumethiazide 2.5mg

IM003 Male No 38 209.4 67.6 18.4 90 Yes T2D donor | None

Obese T2D/ Eltroxin 100mg OD + 50mg OD; Acerycal
metformin- 10mg OD; Nebilet 2.5mg OD; Low Centyl K
1IM013 Female No 50 107 43.98 4.2 31 Yes No OD; Aspirin 75mg OD; Seretide (inhaler):
Spiriva (inhaler); Salamol (inhaler)
IM0O01 Male Yes 44 164.6 514 6.9 45 Yes No Glucophage 500mg OD; Ramipril 2.5mg OD;
' i ' Pantoprazole 40mg OD
Obese T2D/ Spiriva 2.5mg; Rivaroxaban 20mg OD;
metformin Glucophage 500mg BD; Terbinafine 250mg
+ IMO06 | Male Yes 59 131.6 445 5.6 38 Yes No | OD:LyricaS0mg OD; Coversyl Smg OD;

Paracetamol 500mg PRN; Atorvastatin OD;
Nebivolol 5mg half tablet OD; Tramadol 50mg
BD




IM016

Male

Yes

62

110.4

35.2

5.6

69

Yes

No

Warfarin 12mg OD; Lantus 30 units BD;
Victoza 1.24 OD; Glucophage 1000mg BD;
Aspirin 75mg OD; Lipitor 10mg OD; Ramipril
2.5mg OD; Bisoprolol 3.75mg

IM021

Male

Yes

46

112.6

34.8

7.9

70

Yes

No

Metformin 1000mg BD; Elthroxine
100mg/75mg (4 days/3days); Movicol

1IM029

Male

Yes

55

196.4

63

N/A

43

Yes

No

Calcichew 500mg BD; Atorvastatin 10mg OD;
Atenomel 100mg OD; Valsartan 1.25mg OD;
Metformin 1000mg BD; Burinex 1mg OD;
Elthroxine 100mg OD; Venloflex 150mg BD

IM030

Male

Yes

37

112

37

7.7

49

Yes

No

Glucophage 3xDaily - 1000mg

1IM026

Female

Yes

43

119

42.7

7.8

49

Yes

No

Victoza 1.8mg OD; Cerazette OD; Glucophage
1000mg OD; Zirtek 10mg OD; Ventolin inhaler;
Seretide inhaler; Cod liver oil capsule OD;
Ramipril 2.5mg OD

IM027

Male

Yes

60

138.8

44.8

18.2

106

Yes

No

Glucophage 1g TDS; Simvastatin 20mg OD;
Lexapro 10mg OD Aspirin 75mg OD;
Elthroxine 25mg OD; Bisoprolol 5mg BD;
Pradaxia 10mg BD; Furosemide 40mg OD/
20mg OD; Hydralazine 25mg TDS; Imdur half
tablet OD

*QOD: once daily; BD, twice daily, TDS,
three times daily




Table S3. Hepatic fatty acid composition Values are expressed as mg fatty acid per g of hepatic tissue (mg/g).

Fatty Acid OBH OBH+BG OBD OBD+BG p-value
(n=9) (n=9) (n=8) (n=9)
Mean SD Mean SD Mean SD Mean SD

C16:0 Palmitic 4042 | 21.17 59.81 17.49 62.88 9.11 54.81 38.81 0.2746
C16:1n7c Palmitoleic 5.36 3.62 8.58 2.73 8.04 2.19 7.95 6.14 0.4073
C18:0 Stearic 5.75 1.86 6.14 0.99 6.84 0.38 6.22 1.85 0.5388
C18:1n9c Oleic 58.73 | 36.76 94.86 31.64 97.87 19.87 86.04 67.02 0.2526
C18:2n6c Linoleic 14.65 6.48 19.16 4.14 21.27 111 17.73 9.27 0.2073
C18:3n6¢c Gamma-linolenic 0.37 0.11 0.50 0.10 0.56 0.02 0.47 0.23 0.0807
C18:3:n3 Alpha Linolenic 0.26 0.15 0.32 0.07 0.34 0.03 0.30 0.16 0.5439
C20:4n6 Arachidonic 23.21 2.48 24.34 5.55 21.92 2.36 22.57 3.21 0.5939
C22:5n3c Docosapentaenoic 2.64 0.49 3.11 0.38 3.32 0.42 3.05 0.75 0.0463
C22:6n3 Docosahexaenoic 0.28 0.11 0.38 0.10 0.46 0.09 0.31 0.17 0.027
n-6:n-3 12.06 1.71 11.58 1.75 10.60 1.47 11.12 2.62 0.3129
Total SFA 46.17 | 23.53 65.95 18.85 69.72 9.50 61.03 41.78 0.2939
Total MUFA 64.09 | 46.07 | 103.44 40.08 105.91 26.16 93.99 84.81 0.2629
Total PUFA 41.40 7.48 47.79 9.92 47.87 2.85 44.44 12.59 0.2298
Total SFA:Total PUFA 1.11515| 0.34 1.38 0.21 1.46 0.17 1.37 0.58 0.354
Total Fatty Acid 151.66 | 76.27 | 217.18 66.75 223.50 35.57 | 199.46 | 138.25 | 0.2601




Table S4. OBH vs OBD Canonical Pathways Key regulatory pathways that are most differentially modulated ranked either by —log(p-value) or z-score representing
inhibited or activated expression.

INGENUITY CANONICAL
PATHWAYS

-LOG(P-VALUE)

EXPRESSION

Z-SCORE

MOLECULES

MITOCHONDRIAL
DYSFUNCTION

6.31E+01

ACO1,ACO2,AIFM1,ATPS5F1A ATP5F1B,ATP5F1C ATP5F1D, ATPSF1E,ATPSMC2,ATPSME,
ATP5MF,ATPSMG,ATPSPB,ATP5PD,ATP5PF,ATP5PO,CASP8,CAT,COX15,COX411,COX5A,
COX5B,COX6A1,CO0X6B1,COX6C,COX7A2,COX7C,CPT1A,CYBSA,CYB5R3,CYCL,CYCS,
FIS1,GPD2,GPX4,GSR,HSD17B10,HTRA2, MAOA MAOB,MAP2K4,MT-ATP6,MT-CO1,MT-
CO2,MT-CO3,MT-ND1,MT-ND3,MT-ND4,MT-ND5,NDUFA10,NDUFA11,NDUFA12,
NDUFA13,NDUFA2,NDUFA3,NDUFA4,NDUFA5,NDUFA6,NDUFA7,NDUFA8,NDUFASY,
NDUFAB1,NDUFAF2,NDUFB1,NDUFB10,NDUFB11,NDUFB2,NDUFB3,NDUFB4,NDUFBS5,
NDUFB6,NDUFB7,NDUFB8,NDUFB9,NDUFS1,NDUFS2,NDUFS3,NDUFS4,NDUFS5,NDUFS
6,NDUFS7,NDUFS8,NDUFV1,NDUFV2,NDUFV3,0GDH,PARK7 ,PDHA1,PRDX3,PRDX5,SD
HA,SDHB,SDHC,SDHD,SOD2,SURF1, TXN2,TXNRD2,UQCR10,UQCRB,UQCRC1,UQCRC?2,
UQCRFS1,UQCRH,UQCRQ,VDAC1,VDAC2,VDAC3,XDH

EIF2 SIGNALING

5.85E+01

ACTA2,ACTB,ACTC1,AKT2,EIF1,EIF2A,EIF2B1,EIF2B2,EIF2B5,EIF2S1,EIF2S2,EIF3A,
EIF3B,EIF3C,EIF3D,EIF3E,EIF3F EIF3G,EIF3H,EIF3I,EIF3K,EIF3L,EIF3M,EIF4AL,EIF4A2,
EIF4E,EIFAG1,EIFAG2,EIF5,EIF5B,FAU,GRB2,HNRNPAL,HRAS ,HSPA5 MAP2K1,MAP2K?2,
MAPK1,MAPK3,PABPC1,PPP1CA,PPP1CB,PPP1CC,PTBP1,RALB,RAP1B,RPL10,RPL10A,
RPL12,RPL13,RPL13A,RPL14,RPL15RPL17,RPL18,RPL18A,RPL19,RPL21,RPL22,RPL22L1,
RPL23,RPL23A,RPL24,RPL26,RPL27,RPL27A,RPL28,RPL29,RPL3,RPL30,RPL31,RPL32,
RPL34,RPL35,RPL35A,RPL36,RPL37A,RPL38,RPL39,RPL4,RPL5,RPL6,RPL7,RPL7A,RPLS,
RPL9,RPLPO,RPLP2,RPS10,RPS11,RPS13,RPS14,RPS15,RPS15A,RPS16,RPS17,RPS18,RPS19,
RPS2,RPS20,RPS21,RPS23,RPS24,RPS25,RPS26,RPS27,RPS27A,RPS27L,RPS28,RPS29,RPS3,
RPS3A,RPS4X,RPS5,RPS6,RPS7,RPS8,RPS9,RPSA,RRAS, WARS1

OXIDATIVE
PHOSPHORYLATION

5.38E+01

ATPSF1A,ATPSF1B,ATPSFLC, ATP5F1D,ATPSFLE, ATPSMC2,ATPSME,ATP5MF, ATPSMG, A
TP5PB,ATP5PD,ATP5PF, ATP5PO,COX15,COX411,COX5A,COX5B,COX6A1,COX6B1,COX6
C,COX7A2,COX7C,CYB5A,CYC1,CYCS,MT-ATP6,MT-CO1,MT-CO2,MT-CO3,MT-ND1,MT-
ND3,MT-ND4,MT-ND5,NDUFA10,NDUFA11,NDUFA12,NDUFA13,
NDUFA2,NDUFA3,NDUFA4,NDUFA5 NDUFA6,NDUFA7,NDUFA8,NDUFA9,NDUFAB1,ND
UFB1,NDUFB10,NDUFB11,NDUFB2,NDUFB3,NDUFB4,NDUFB5,NDUFB6,NDUFB7,NDUF
B8,NDUFB9,NDUFS1,NDUFS2,NDUFS3,NDUFS4,NDUFS5,NDUFS6,NDUFS7,NDUFS8,NDU
FV1,NDUFV2,NDUFV3,SDHA,SDHB, SDHC,SDHD,SURF1,UQCR10,UQCRB,UQCRCI,
UQCRC2,UQCRFS1,UQCRH,UQCRQ

SIRTUIN SIGNALING
PATHWAY

3.98E+01

ACADL,ACLY,ACSS2,APEX1,ATG3,ATG7,ATP5F1A,ATP5F1B,ATP5F1C,ATPSF1D,ATPSF1
E,ATP5PB,ATP5PF,BPGM,CPS1,CPT1A,CYC1,GLUD1,GOT2,H1-0,H1-2,H1-3,H1-4,H1-5,H3-
3A/H3-3B,HMGCS2,IDH2,LDHA,LDHD,MAPK1,MAPK3,MLYCD,MT-ATP6,MT-ND1,MT-
ND3,MT-ND4,MT-ND5,NAMPT,NDRG1,NDUFA10,NDUFA11,NDUFA12 NDUFA13,
NDUFA2,NDUFA3,NDUFA4,NDUFA5,NDUFAG6,NDUFA7,NDUFA8,NDUFA9,NDUFABI,
NDUFAF2,NDUFB1,NDUFB10,NDUFB11,NDUFB2,NDUFB3,NDUFB4,NDUFB5,NDUFB6,
NDUFB7,NDUFB8,NDUFB9,NDUFS1,NDUFS2,NDUFS3,NDUFS4,NDUFS5,NDUFSG,
NDUFS7,NDUFS8,NDUFV1,NDUFV2,NDUFV3,NEDD4,0TC,PCK1,PDHA1,PDK1,PGAM1,
PGK1,PPID,PPIF,PRKAA2,SDHA,SDHB,SDHC,SDHD,SF3A1,SIRT2,SIRT3,SIRT5,SLC25A5,
SOD1,S0D2,SOD3,STAT3, TIMM13, TIMM23, TIMM44,TIMM50,TOMM22,TOMMA40,
TOMM70,TRIM28,TSPO, TUBA1A TUBA1B,TUBA1C, TUBA4A,UQCRC2,UQCRFS1,VDACI1,
VDAC2,VDAC3,XRCC5

REGULATION OF EIF4
AND P70S6K SIGNALING

3.45E+01

AKT2,EIF1,EIF2AEIF2B1,EIF2B2,EIF2B5,EIF2S1,EIF2S2,EIF3A,EIF3B,EIF3C,EIF3D,EIF3E,
EIF3F,EIF3G,EIF3H,EIF3I,EIF3K,EIF3L,EIF3M,EIF4AL,EIFAA2,EIFAE EIF4EBP2,EIFAGL,EIF
4G2,FAU,GRB2,HRAS,ITGA5,ITGB1,MAP2K1,MAP2K2, MAPK1,MAPK14,MAPK3,PABPCI,
PPP2CA,PPP2R1A,PPP2R2A ,PPP2R5A,PPP2R5D,PPP2R5E PTPA RALB,RAP1B,RPS10,




RPS11,RPS13,RPS14,RPS15,RPS15A,RPS16,RPS17,RPS18,RPS19,RPS2,RPS20,RPS21,RPS23,
RPS24,RPS25,RPS26,RPS27,RPS27A,RPS27L,RPS28,RPS29,RPS3,RPS3A,RPS4X,RPS5,RPSE,
RPS7,RPS8,RPS9,RPSA RRAS

TRNA CHARGING 1.06E+01 Inhibited -3.7097 | AARS1,CARS1,DARS1,EPRS1,FARSA FARSB,GARS1,HARSL, IARSL,IARS2,KARSL,LARSL,
MARS1,NARS1,RARS1,SARSL, TARS1, TARS2,VARS,WARS1,YARS1

EIF2 SIGNALING 5.85E+01 Inhibited -3.1497 | ACTA2,ACTB,ACTC1,AKT2 EIFL,EIF2A EIF2B1,EIF2B2,EIF2B5,EIF2S1,EIF252,EIF3A,
EIF3B,EIF3C,EIF3D,EIF3E,EIF3F,EIF3G,EIF3H,EIF3I,EIF3K, EIF3L,EIF3M,EIF4AL EIF4A2,
EIF4E,EIFAG1,EIFAG2,EIF5 EIF5B,FAU,GRB2,HNRNPAL HRAS, HSPA5, MAP2K1,MAP2K?2,
MAPK1,MAPK3,PABPC1,PPP1CA,PPP1CB,PPP1CC,PTBP1,RALB,RAP1B,RPL10,RPL10A,
RPL12,RPL13,RPL13A RPL14,RPL15RPL17,RPL18,RPL18A RPL19,RPL21,RPL22 RPL22L1,
RPL23,RPL23A RPL24,RPL26,RPL27,RPL27A RPL28,RPL29,RPL3,RPL30,RPL31,RPL32,
RPL34,RPL35,RPL35A, RPL36,RPL37A RPL38 RPL39,RPL4,RPL5,RPL6,RPL7,RPL7A RPLS,
RPL9,RPLPO,RPLP2,RPS10,RPS11,RPS13,RPS14,RPS15,RPS15A RPS16,RPS17,RPS18,RPS19,
RPS2,RPS20,RPS21,RPS23,RPS24,RPS25 RPS26,RPS27,RPS27A, RPS27L RPS28, RPS29,RPS3,
RPS3A,RPS4X,RPS5,RPS6,RPS7,RPS8,RPS9,RPSA, RRAS, WARS1

SUPERPATHWAY OF 5.38E+00 Inhibited -3 | ARG1,ASL,ASS1,CPS1,GLS2,L0C102724788/PRODH,0AT,0TC,PRODH2

CITRULLINE

METABOLISM

UNFOLDED PROTEIN 7.79E+00 Inhibited |  -2.82843 | AMFR,CALR,CANX,DNAJA2 DNAJC3 EIF2A,ERO1B,HSP90B1,HSPAIA/HSPALB,HSPALL,

RESPONSE HSPA4,HSPA5 HSPA8,HSPA9,HSPH1,059,P4HB,PDIA2,PDIA6,SEL 1L, UBXN4,VCP

CITRULLINE 4.08E+00 Inhibited |  -2.44949 | ARG1,GLS2,LOC102724788/PRODH,0AT,0TC,PRODH?2

BIOSYNTHESIS

GALACTOSE 4.90E+00 Activated | 2.236068 | GALE,GALK1,GALK2,GALM,GALT

DEGRADATION |

(LELOIR PATHWAY)

RHOGDI SIGNALING 4.32E+00 Activated 2.26301 | ACTA2,ACTB,ACTC1,ACTG1,ACTR2,ACTR3,ARHGDIA ARHGDIB,ARPC1A ARPC1B,
ARPC2,ARPC3,ARPC4,ARPC5,CDC42,CDH2,CFL1,CFL2,EZR,GNAI2,GNAS,GNB2,GNG12,
GNG5,ITGAS5,ITGB1,MSN,MYL12B,MYL6,PAK2,PI4KA PIP4K2C,RACL,RDX,RHOA,
RHOT1,WASF2

SPINK1 PANCREATIC 1.69E+00 Activated | 2.309401 | CELA1,CELA2A CELA3B,CPAL,CPB1,CPQ,CTRL,CTSA,CTSB,KLK1,KLKB1,PRSS2

CANCER PATHWAY

NRF2-MEDIATED 2.30E+01 Activated | 2.333333 | ABCC2,ACTA2,ACTB,ACTC1,ACTG1,AKR1AL,AKR7A2,A0X1,CAT,CBR1,CCT7,CLPP,

OXIDATIVE STRESS CUL3,DNAJAL,DNAJA2, DNAJA3,DNAJB1,DNAJB11,DNAJB4,DNAJC11,DNAJC13,DNAIC3

RESPONSE DNAJC7,EPHX1,ERP29,FMO1,FTH1,GCLC,GCLM,GSR,GSTA2,GSTA3,GSTA4,GSTK1,
GSTM1,GSTM2,GSTM3,GSTM4,GSTM5,GSTO1,GSTP1,GSTT1,GSTT2/GSTT2B,GSTZ1,
HACD3,HRAS, HSPB8, MAP2K 1,MAP2K2, MAP2K3,MAP2K4, MAPK1,MAPK14,MAPK3,
MGST1,NQO2,PPIB,PRDX1,RALB,RAP1B,RRAS,SCARB1,SOD1,S0D2,S0D3,SQSTML,
STIP1,TXN, TXNRD1,UBE2K,USP14,VCP

GLUCONEOGENESIS | 8.31E+00 Activated | 2.840188 | ALDOA ALDOB,ALDOC,BPGM,ENO1,ENO3,FBP1,GAPDH,GPI,MDH1,MDH2,ME1,PGAML,

PGK1,PGK2




Table S5. OBH vs OBD Upstream Regulators

UPSTREAM MOLECULE TYPE PREDICTED ACTIVATION MECHANISTIC NETWORK
REGULATOR ACTIVATION Z-SCORE
STATE

MYCN transcription regulator  Inhibited -4.653 FOXO01,FOX03,MYC,MYCN,PPARG,RNA polymerase I1,SP1,TP53

MYC transcription regulator  Inhibited -4.381 AHR,ARNT,ESR1,ESR2,FOS,FOX01,FOXO3 HIF1A,JUN,MAX,MYC MY
CN,NR3C1,PPARG,SP1,TP53,VHL beta-estradiol

GCG Protein coding Inhibited -3.893

(GLUCAGON)

ACOX1 enzyme Inhibited -3.764 ACOX1,CEBPA Esrra,FOX01,FOX0O3,MYC,PPARA,PPARD,PPARG,RXR
A,SP1,SREBF1,TP53, fatty acid

CLPP peptidase Inhibited -3.677

PPARG ligand-dependent Activated 2.882 ATF4,CEBPA,Esrra,FOX01,JUN,MLXIPL,MYC,NR1H4,NR113,PPARA,PP

nuclear receptor ARG,PPARGC1A,RXRA,SIRT1,SP1,SREBF1,THRB,TP53,rosiglitazone,

troglitazone

FOXAZ2 transcription regulator ~ Activated 2.884 CEBPB,FOXA2,FOXAS3,Ins1,ONECUT1,PPARA,PPARG,PPARGC1A RXR
A,SREBF1

PCGEM1 other Activated 3.134 HIF1A,JUN,MAX,MYC,PCGEM1,SP1,TP53

ACSS2 enzyme Activated 3.148 ACSS2,FOXO01,PPARA,RXRA,SIRT1,SREBF1,ethanol

PNPLA2 enzyme Activated 3.874 CEBPA,CTNNBL1,D-glucose, Esrra, FOXO1, HIF1A,
JUN,LEP,MLXIPL,MYC,PDX1,PNPLA2,PPARA,PPARD,PPARG,PPARGC
1A,RXRA,SP1,SP3,SREBF1,palmitic acid

PPARA ligand-dependent Activated 5.631 CEBPA,CEBPB,FOX01,JUN,NR1H4,NR113,PPARA,PPARD,PPARG,PPAR

nuclear receptor

GC1A RXRA,SREBF1,THRB,bezafibrate,fenofibrate,pirinixic acid




Table S6. OBD vs OBD+p-glucan Canonical Pathways Key regulatory pathways that are most differentially modulated ranked either by —log(p-value) or z-score
representing inhibited or activated expression.

INGENUITY CANONICAL -LOG(P-VALUE) | EXPRESSION | Z-SCORE MOLECULES

PATHWAYS

EIF2 SIGNALING 9.65 EIF3E,EIF4AG1,PTBP1,RPL18,RPL28,RPL5,RPL6,RPS10,
RPS15A,RPS20,RPS23,RPS27A,RPS4AX

REGULATION OF EIF4 6.78 EIF3E,EIF4G1,PPP2CA,RPS10,RPS15A,RPS20,RPS23,

AND P70S6K SIGNALING RPS27A,RPS4X

MTOR SIGNALING 5.72 EIF3E,EIF4G1,PPP2CA,RPS10,RPS15A,RPS20,RPS23,
RPS27A,RPS4X

MITOCHONDRIAL 4.43 AIFM1,MT-ND4,NDUFB11,NDUFB9,NDUFS3,0GDH,XDH

DYSFUNCTION

TRNA CHARGING 4.26 EPRS1,FARSA,RARS1,SARS1

SIRTUIN SIGNALING 1.7 Inhibited -1.34164 MT-ND4,NDUFB11,NDUFB9,NDUFS3,XRCC5

PATHWAY

OXIDATIVE 2.56 Activated 1 MT-ND4,NDUFB11,NDUFB9,NDUFS3

PHOSPHORYLATION

TRNA CHARGING 4.26 Activated 2 EPRS1,FARSA,RARS1,SARS1

EIF2 SIGNALING 9.65 Activated 2 EIF3E,EIF4AG1,PTBP1,RPL18,RPL28,RPL5,RPL6,RPS10,

RPS15A,RPS20,RPS23,RPS27A,RPS4X




Table S7. OBD vs OBD+p-glucan Upstream Regulators

UPSTREAM MOLECULE TYPE PREDICTED ACTIVATION

REGULATOR ACTIVATION Z-SCORE
STATE

RICTOR other Inhibited -2.121

INS1 other Inhibited -2

BDNF growth factor Inhibited -1.982

NFE2L2 transcription regulator Activated 1.697

XBP1 transcription regulator Activated 1.982

SYVNL1 transporter Activated 2

MYC transcription regulator Activated 2.175

MYCN transcription regulator Activated 2.538




Supplemental Text.

Methods

Genomic DNA extraction and microbiota profiling based on 16S rRNA gene sequencing

Total DNA was extracted from human faecal samples and murine faecal pellets using the
Qlamp Fast DNA Stool (Qiagen, Manchester, U.K.) kit. Briefly, the samples were weighted
and placed into sterile tubes containing 0.1, 0.5, and 1.0 mm zirconia/glass beads (Thistle
Scientific, U.K.) and homogenized in InhibitEX buffer using a Mini-Beadbeader (Biospec
Products, USA). Specifically, samples were homogenized in two intervals (1 min and 40 s)
with an intermediate step when the samples were placed on ice for 1 min. The samples were
then placed in a 95 °C heat-block for 5 min. The subsequent steps of the DNA extraction were
carried out as described in the Qiagen protocol. The obtained genomic DNA was used as a

template in library preparation for 16S rRNA gene amplicon sequencing.

The V3-V4 variable region of the 16S rRNA gene was amplified using the universal 16S rRNA
gene primer pair S-D-Bact-0341-b-S-17 (5’-CCTACGGGNGGCWGCAG-3’)/S-D-Bact-
0785-a-A-21 (5’-GACTACHVGGGTATCTAATCC-3") [1]. Amplification was performed in
30 pL containing 2 pL of template DNA (final concentration 15 ng/uL), 15 pL of 2x Phusion
High-Fidelity PCR Master Mix (ThermoFisher Scientific, Waltham, MA, USA), 1.2 uL of each
16S primer (final concentration 0.2 uM) and 10.6 uL of nuclease-free H2O. The cycling
conditions were as follows: initial denaturation at 98 °C for 30 s; 25 cycles at 98 °C for 10 s, at
55°C for 15 s and at 72 °C for 20 s; final extension at 72 °C for 5 min, followed by a hold at
4 °C. The PCR products were purified using the Agencourt AMPure XP-PCR Purification
system (Beckman Coutler, Inc., California, USA), and the subsequent library preparation steps
were performed according to the Illumina MiSeq system protocol. Dual-index barcodes were
attached to the amplicon (Nextera XT V.2 Index Kits sets A and D, Illumina) and then purified
as before. The indexed amplicons were quantified using the Qubit dsSDNA HS Assay Kit
(Thermo Fischer Scientific, MA, USA). Purified amplicons were pooled in equal volumes.
Sequencing (2 x 250 bp) of the pooled library was performed using the Illlumina
MiSeq instrument (Illumina, Inc., San Diego, CA, USA) in the Eurofins GATC Biotech GmbH

(Constance, Germany).


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/illumina-miseq
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/illumina-miseq

Library preparation and shotgun metagenomic sequencing

Shotgun libraries were prepared using the Nextera XT DNA Library Prep Kit (Illumina)
following the manufacturer's instructions. First, total genomic DNA was quantified using
Qubit™ dsDNA HS Assay Kit (Thermo Fisher). One ng genomic DNA of each sample was
fragmented by adding 5 uL of Amplicon Tagment Mix with 10 uL of Tagment DNA Buffer.
The tagmented DNA were amplified by PCR with 5 uL of each Illumina Nextera index adapters
(i5and i7) and 15 pL of Nextera PCR Master Mix (Nextera XT Index Kit v2 Set B, Illumina).
The cycling conditions were as follows: initial denaturation at 95 °C for 30 s; 12 cycles at 95 °C
for 30 s, at 55 °C for 30 s and at 72 °C for 30 s; final extension at 72 °C for 5 min, followed by
a hold at 10°C. The PCR products were purified using the Agencourt AMPure XP-PCR
Purification system (Beckman Coutler, Inc., California, USA). The shotgun libraries were
sequenced using Illumina NextSeq® 500/550 High Output v2 (300 cycles) at the National Irish
Sequencing Centre (Teagasc Food Research Centre, Ireland) to generate 150 bp paired-end

read libraries according to the manufacturer’s instructions.

Bioinformatic analysis of 16S amplicon sequencing data

We applied a similar 16S rRNA gene amplicon pipeline as previously described [2]. The
Illumina MiSeq paired-end sequencing reads of V3-V4 16S rRNA regions were first were
merged using Fast Length Adjustment of Short Reads (FLASH) v.1.2.8 [3] and trimmed the
forward primers using cutadapt v1.8.3 [4]. The reads were filtered with a minimum quality
score of 19 using split_libraries_fastq.py and then removed the reversed primers using
truncate_reverse_primer.py from QIIME v1.9.1 [5]. The quality-filtered sequences were
dereplicated, filtered by length of 373—-473nt, removed singleton and were then clustered into
Operational Taxonomic Units (OTUs) at a threshold similarity of 97% with the USEARCH
v6.1 [6]. The chimeric sequences were discarded using UCHIME against the GOLD reference
database [7] and all post-QIIME quality-filtered reads were mapped back to the representative
OTU sequences to generate the OTU table using the -usearch_global option from USEARCH.
To ensure an even sampling depth, the OTU table was rarefied using QIIME with
single_rarefaction.py at a depth of 14,335 reads per sample as the lowest read count in the
dataset and used for calculating a- and B- diversity of the gut microbial community with
alpha_diversity.py and beta_diversity.py scripts. Taxonomic assignment for each
representative OTU sequences were performed using mothur v1.36.1 against the RDP database

version 11.5 for genus classification and SPINGO v1.3 against the species reference database



(RDP version 11.2) for species classification [8-10]. For both classifications, sequences with a

confidence score below 80% were considered as unclassified.
Hepatic Proteomic Analysis

Protein isolation: Protein was isolated with the addition of trichloroacetic acid (20%). After
centrifugation at 14,000rpm for 10 mins and aspiration, cell pellets were twice washed in ice-
cold acetone with centrifugation repeated. Protein pellets were resuspended in 8M Urea.

Protein concentration was determined using the Bradford Assay.

In-solution digestion: Cysteine residues were reduced using dithiothreitol followed by
alkylation with iodoacetamide. Dithiothreitol, iodoacetamide and urea concentrations were
diluted using 50mM NH4HCO3 before trypsin singles TM proteomic grade (Sigma) was
added, ensuring a urea concentration of less than 2M. Digestion was carried out overnight at
37°C. After drying in vacuum centrifuge, peptides were acidified by acetic acid (AA), desalted
with ¢18 STAGE tips [11], and resuspended in 2.5% acetonitrile (ACN), 0.5% AA.

Mass Spectrometry: Peptide fractions were analyzed on a quadrupole Orbitrap (Q-Exactive,
Thermo Scientific) mass spectrometer equipped with a reversed-phase NanoL.C UltiMate 3000
HPLC system (Dionex LC Packings, now Thermo Scientific). Peptide samples were loaded
onto C18 reversed phase columns (10 cm length, 75 um inner diameter) and eluted with a linear
gradient from 1 to 27% buffer B containing 0.5% AA 97% ACN in 118 min at a flow rate of
250 nL/min. The injection volume was 5 pL. The mass spectrometer was operated in data
dependent mode, automatically switching between MS and MS2 acquisition. Survey full scan
MS spectra (m/z 300 — 1200) were acquired in the Orbitrap with a resolution of 70,000. MS2
spectra had a resolution of 17,500. The twelve most intense ions were sequentially isolated and

fragmented by higher-energy C-trap dissociation.

Protein identification: Raw data from the Orbitrap Q-Exactive was processed using
MaxQuant version 1.6.3.4 [12], incorporating the Andromeda search engine [13]. To identify
peptides and proteins, MS/MS spectra were matched to the Uniprot mus mus musculus database
(2018 _09) containing 53,780 entries. All searches were performed with tryptic specificity
allowing two missed cleavages. The database searches were performed with carbamidomethyl
(C) as fixed modification and acetylation (protein N terminus) and oxidation (M) as variable
modifications. Mass spectra were searched using the default setting of MaxQuant namely a
false discovery rate of 1% on the peptide and protein level. For the generation of label free



quantitative (LFQ) ion intensities for protein profiles, signals of corresponding peptides in
different nano-HPLC MS/MS runs were matched by MaxQuant in a maximum time window
of 1 min [14].

Proteomic data analysis: The Perseus computational platform (version 1.6.2.3) was used to
process MaxQuant results [15]. Data was log transformed. T-test comparisons (at p-value
<0.05) were carried out between liver proteomes specifying that a protein needed to be
observed in six samples of samples in at least one group. For visualization of data using heat
maps, missing values were imputed with values from a normal distribution and the dataset was
normalized by z-score. Pathway enrichment analysis was performed using the ClueGo (v2.5.2)
[16] and Cluepedia (v1.5.2) [17] plugins in Cytoscape (v3.6.1) [18] with the mus musculus
(10090) marker set. The Gene ontology (GO) biological process and reactome pathway
databases, consisting of 21,259 and 9,292 genes, were used [19]. GO tree levels (min=3;
max =8) and GO term restriction (min#genes =3, min% = 1%) were set and terms were
grouped using a Kappa Score Threshold of 0.4. The classification was performed by the right-
sided enrichment hypergeometric statistic test, and its probability value was corrected by the
Bonferroni method (Adjusted % Term p-value <0.05) [16].

Results

B-glucan responsive taxa differ between obese type 2 diabetes inoculated mice and obese
healthy inoculated mice at family and genus level

Analysis of differentially abundant taxa linked to B-glucan supplementation identified 15
microbial families among which members of the Verrucomicrobiaceae and Ruminococcaceae
families (representing 23.1% of total abundance on average) were negatively associated, and
Peptostreptococcaceae (occupying 3.4% of total abundance on average) was negatively
associated in both obese healthy and type 2 diabetes groups (Figure S6). Five significantly
differential families detected at week 3 were lost when the diet was switched to HFD except
Clostridiaceae 1 and Erysipelotrichaceae in the obese type 2 diabetes-humanized group.
Increased relative  abundance of  Verrucomicrobiaceae, Ruminococcaceae,
Desulfovibrionaceae, Porphyromonadaceae and a decrease in Streptococcaceae,
Bacteroidaceae, Rhodospirillaceae, Enterobacteriaceae were consistently associated with p-
glucan consumption from week 3 to week 10. The only exception among the
Enterobacteriaceae was the genus Escherichia/Shigella which was present at all time points in

the obese healthy-humanized group (Figure S6B). At the genus level, Parabacteroides was



the most predominant taxon in the obese healthy inoculated mice, accounting for more than
60% in total abundance, while Lactococcus and Bacteroides were present in higher proportions
(of more than 90% relative abundance in the obese type 2 diabetes) inoculated mice at week 1.
These relative abundances decreased in the subsequent weeks, but Bacteroides was one of the
most abundant genera in both obese healthy and type 2 diabetes-humanized groups at week 1
and remained abundant over time in non-B-glucan diet and obese type 2 diabetes groups,
whereas they were less abundant with an average of less than 25% total abundance until week
10 in obese healthy inoculated mice receiving B-glucan (Figure S6A). These differences of
Bacteroides in healthy obese group upon B-glucan supplementation were statistically
significant (Mann-Whitney U test, BH-adjusted p<0.05, Figure S6B). Moreover, 27 genera
were associated with B-glucan consumption of which 9 were genera in the obese healthy
humanized group and 8 genera in obese type 2 diabetes group which were consistently more
or less abundant in mice receiving -glucan compared to those without B-glucan for at least
two time points. Flavonifractor, Akkermansia, Roseburia, Parabacteroides in obese healthy
group and Clostridium XIVa, Odoribacter, Anaerostipes in obese type 2 diabetes group were

found in significantly higher proportions in the supplementation with B-glucan.
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