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Figure S1: Principal coordinate analysis (PCoA) of Jaccard beta-diversity of 12-week and 20-week

duodenal, jejunal, cecal, and colonic microbiota (A-H).
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Figure S2: Heatmap of spearman correlation matrix of 12-week CON and OC cecal microbiota
(A&B) and 20-week CON and OC cecal microbiota (C&D). Only significant correlations included

(p<0.05).
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Figure S3: Heatmap of spearman correlation matrix of 12-week CON and OC colonic microbiota
(A&B) and 20-week CON and OC colonic microbiota (C&D). Only significant correlations included

(p<0.05).
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Figure S4: Spearman correlations showed that colonic estradiol levels were positively associated
with Lachnospiraceae ASF365, and uncultured Ruminococcaceae in 12-week treated mice (A&B).
Further, estradiol levels were negatively associated with Bifidobacterium in 12-week treated mice (C).
In 20-week treated mice, estradiol was negatively associated with Lachnospiraceae ASF365,
Lachnospiraceae FCS020, and tended to be negatively associated with Lactococcus (D-F). *p<0.05,
**p<0.01, *** p<0.001
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Spearman correlations were computed between cecal microbiota genera and metabolic

parameters determined from indirect calorimetry within the 12-week (A) and 20-week (B) cohorts.

Figure S5



12-Week Treatment

Spearman Correlations: Colonic Genus vs Indirect Calorimetry

UnknownRuminococcaceae 4 0.15 -0.15 -0.06 -0.01 -0.02 -0.05 -0.03 -0.06
UnknownOscillospiraceae 4 -0.15 0.15 -0.35 0.04 0.01 0.01 -0.04 -0.09
UnknownLachnospiraceae4 03 -03 -0.13 0.09 -0.23 -0.13 0.14 0.01

unculturedRuminococcaceae 4 -0.05 0.05 [-0.37 -0.02 -0.08 -0.06 -0.01 -0.04
unculturedPeptococcaceae 4 -0.11 0.11  -0.1 0.01 0.13 0.11 -0.22 -0.15
unculturedOscillospiraceae 4/ 0.57 F067 0.06 02 -0.31 -0.15 002 0
unculturedLachnospiraceae 4 0.21 -021 -0.09 0.36 0.05 0.17 028 0.17

unculturedChristensenellaceae 4 0.01 -0.01 0.28 0.35 043 046 0.28 0.33
UCG-0104 -0.2 0.2 -009 0.14 013 0.09 0.15 -0.01

UCG-0054 -0.11 0.11 -0.08 0.38 0.33 0.35 -0.06 -0.02

Tuzzerellaq 0.03 -0.03 007 041 028 034 024 0.17

Turicibacter 4 -0.03 0.03 0.05 04 046 044 04
Staphylococcus 4 0.28 -0.28 0.07 -0.16 -0.24 -0.29 -0.28 -0.25
Sporosarcina -0.07 0.07 -0.07 -0.07 -0.04 -0.04 -022 0
Roseburia4 051 =051 02 04 004 019 043 024

Romboutsia4q 0.12 -0.12 0.25 0.23 0.06 0.08 -0.04 -0.08
RF39-4-0.34 034 029 -0.12 0.15 0.02 -0.08 -0.07

Parasutterella 0.05 -005 -0.13 021 024 024 026 0.32
OscillospiraceaeNK4A214 4 0.09 -0.09 -0.1 -0.27 -0.15 -0.29 -0.08 -0.19
Oscillibacterq 0.32 -0.32 -0.04 0.29 -0.12 0.03 -0.02 0.06
Muribaculaceae 4 0.09 -0.09 008 -0.21 -0.32 -0.33 -0.06 0.03
Monoglobus - -0.06 0.06 0 0.27 0.14 0.18 -0.08 -0.01
Marvinbryantia4 -0.03 0.03 0.29 0.21 0.05 0.06 0.14 0.06
Lactococcus4 0.19 -0.19 0.01 023 0.03 0.06 027 0.12

Lactobacillus 4/-0.45 0.45 [S0I56) -0.42 -0.06 -0.16 -0.37 -0.38

LachnospiraceanCG-OOd,-q 0.21 0.14 [-0.39 -0.21 0.02 0.14
LachnospiraceaeNK4A136 - [ 0.61 -0.06 0.01 -0.42 -0.29 0.15 0.14
LachnospiraceaeFCS0204 0.2 -02 03 03 024 029 02 034

Lachnospiraceae4 0.07 -0.07 -0.17 023 0.06 0.11 032 0.1
Lachnoclostridium4 0.26 -0.26 -0.14 0.29 -0.05 0.03 0.15 -0.01
Intestinimonas 4 0 0 -0.12 0.04 -0.01 0 -0.04 -0.09
IncertaeSedis 4 0.32 -0.32 0.06 047 0.04 0.19 044 049
GCA-9000665754 0.15 -0.15 -0.21 0.06 -0.22 -0.16 -0.14 -0.19
FamilyXIlUCG-0014 0.07 -007 022 018 0.15 0.15 0.04 -0.22
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Enterococcus 4. 0.5 "20.5 0.09 0.03 -0.32 -0.21 0.08 -0.05
Dubosiella4/-0.36 0.36 0.28 -0.07 0.26 0.13 -0.22 -0.12
DefluviitaleaceaeUCG-011 4 0.42 -042 -0.16 006 -0.25 -0.2 -0.02 0.04
Corynebacterium <4 0.37 -0.37 -0.15 -0.15 -0.33 -0.33 -0.04 -0.15
Colidextribacter4 0.24 -0.24 -0.07 0.19 -0.14 -0.04 0.02 0.02
ClostridiumSensuStricto4 0.08 -0.08 -0.15 0.29 0.15 0.25 0.18 -0.05
ClostridiavadinBB60 4 0.32 -032 -0.17 -0.21 -0.14 -0.02
ClostridiaUCG-014 4 -0.03 0.03 -0.01 |-0.47 -0.09 -0.18
ChristensenellaceaeR-74 0.02 -0.02 -0.13 0.22 0.16 02 0.17 0.13
ButyricicoccaceaeUCG-0094 031 -031 029 033 023 031 034 02
Blautiaq4 0.19 -0.19 0.11 [0.56 0.27 036 029 0.23
Bifidobacterium+ -0.27 0.27 -0.11 0.17 0.37 0.34 0 -0.12
Bacteroides 4 -0.19 019 0.04 -0.02 003 -0.05 0.15 0.11

ASF3564 031 -0.31 -0.05 0.02 -0.14 -0.11 0.16 0.18
Anaerotruncus 4 0.04 -0.04 -0.02 033 0.1 019 0.1 0.02
Anaeroplasma+ 0.17 -0.17 -0.01 -0.13 -0.3 -0.32 -0.17 -0.06
Alistipes 4/ 0.43 043 0.03 -0.14 -0.34 -0.3 0 -0.01

Akkermansiaq 0.02 -0.02 0.25 -0.21 -0.14 -0.16 -0.06 0.22
Acetatifactor4 0.02 -0.02 0.11 042 027 03 0.07 0.13

A2+ 0.01 -001 -0.29 0.11 001 005 0.15 -0.05

[Eubacterium]xylanophilum 4" 0.3 -0.3" 0.12 0.01 -0.23 -0.15 -0.15 -0.11

[Eubacterium]ventriosum 4 -0.33 0.33 -0.22 -0.26 -0.07 -0.11 -0.37 -0.37

[Eubacterium]nodatum < 0.02 -002 0 041 034 037 04 021
[Eubacterium]coprostanoligenes 4 0 0 007 04 024 0.33 062 057
[Eubacterium]brachy 4 0.24 -0.24 -0.17 0.04 -02 -0.13 0.11 -0.01
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20-Week Treatment

Spearman Correlations: Colonic Genus vs Indirect Calorimetry

UnknownRuminococcaceae 4 -0.17 0.17 0.1 0.07 0.15 0.08 [S0162150:62]
UnknownOscillospiraceae +/-0.45 0.45 -044 -03 031 009 0.08 -0.19
UnknownLachnospiraceae< 0.08 -008 0.16 001 01 003 03 03
unculturedRuminococcaceae 4 -0.05 0.05 0.27 -0.21 -0.04 -0.09 -0.07 0.24
unculturedPeptococcaceae 4 -0.13 0.13 -0.06 0.03 029 0.14 -0.07 0.04
unculturedOscillospiraceae 4 -0.23 0.23 0.19 0S5 0.08 -0.12 J0I65Y 0.27
unculturedLachnospiraceae 4 0.12 -0.12 -0.05 -0.09 -0.1 -0.22 0.08 0.15
unculturedChristensenellaceae - [S0i55° 0.55 -0.21 -0.82 051 0.29 0.04 -0.06
UCG-010-4 045 -045 -0.1 BO#2) -021 0 -005 0.18

UCG-0054 -0.15 0.15 0.39 -0.31 -0.08 -0.23 -0.39 -0.39

Tuzzerela- 022 -0.22 0.2 -0.34 =049 066 -0.43 -0.16

Turicibacter 4 -0.14 0.14 -0.12 0.832 042 055 034 0.16
Staphylococcus 5 -0.09 0.09 ' 0.39 -043 -0.22 -0.37 =055 -0:44
Sporosarcina4 0.23 -0.23 0.08 -0.15 -0.31 -0.31 -0.31 -0.23

Roseburia<4 -0.15 0.15 -0.11 038 034 04 -0.01 -0.03

Romboutsia< -0.31 0.31 -0.08 -0.16 0.35 0.29 JO/65N 0.26

RF394 -0.03 0.03 -0.31 -0.17 -0.09 -0.15 -0.33 -0.28

Parasutterella4 0.36 -0.36 -0.13 026 -0.15 -0.07 -0.07 0.32
OscillospiraceaeNK4A214 4 -0.15 0.15 -0.13 -01 01 016 0.1 ' -04
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Monoglobus4 0.2 -0.2 [S0158] 022 008 005 -0.16 0.21
Marvinbryantia= 0.16 -0.16 -0.22 -0.08 -0.08 -0.11 0.37 NOIBSY
Lactococcus 4 002 -0.02 0.07 -0.08 0.13 012 J038) 063
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LachnospiraceaeNK4A1364 0.2 -0.2 -0.34 -0.27 -0.21 -043 -0.11 0.18
LachnospiraceaeFCS020 4 0.42 042 0.07 -024 -035 -0.42 0.31 068N
Lachnospiraceae - 0.06 -0.06 0.01 -0.06 -0.08 -0.05 0.05 -0.18
Lachnoclostridium—+ -0.22 022 -023 003 031 025 0.02 -0.3
Intestinimonas 4 -0.08 0.08 0.14 JEGIS8) -0.12 | 0.4 0.05 0.31
IncertaeSedis 4 -0.25 0.25 -0.22 0.5 0.09 -0.12 0.01 0.03
GCA-9000665754 0.16 -0.16 0.25 -0.01 -0.09 -0.09 0.12 0.09
FamilyXIIIUCG-001 - [0:56 501561 -0.02 -0.13r 0.13 J0/56
Faecalibaculum+ 0.29 -0.29 0.54 -0.13 -0.46 -0.08 0.08
Erysipelatoclostridium - [S0i85" 0.55 0.05 0.01 -0.22
Erysipelatoclostridiaceae 4 -0.23 0.23 6 -0.08 0.15 0.08 -0.15 -0.15
Enterorhabdus 4 -0.17 0.17 -0.07 0.12 02 024 -035 -0.07
Enterococcus 4 0.18 -0.18 0.19 0.01 -0.13 -0.07 0.36 0.46
Dubosiella- 039 -0.839 0.15 038 -023 -0.08 0.15 0.23
DefluviitaleaceaeUCG-011 - -0.18 0.18 B0 -0.11 0.17 0.01 -0.3 -0.33
Corynebacterium+ 0.23 -0.23 0.08 -0.15 -0.31 -0.31 -0.31 -0.23
Colidextribacter 4 -0.24 024 033 B0%B7# 0 -0.18 036 0.07
ClostridiumSensuStricto< 0.1 -0.1 <049 052 0.15 024 [-0.54) -0.32
ClostridiavadinBB60 4 -0.32 032 -0.39 -035 024 004 031 0.18
ClostridiaUCG-0144 0.39 -0.39 0.15 039 -0.23 -0.08 0.15 0.23
ChristensenellaceaeR-7 4 0.17 -0.17 J0B5Y -0.03 -0.12 -0.08 J064Y 0.45
ButyricicoccaceaeUCG-0094 0.2 -02 038 0.1 -024 -022 -0.14 -0.08
Blautia< -0.01 0.01 0.01 -0.12 -0.02 -0.07 0.12 0.18

Bifidobacterium -/ 0.41 =0.41| 0.07 0.08 [S0/5411%0158) -0.33 0.02
Bacteroides 4 0.03 -0.03 -0.08 0.13 0.05 0.09 -0.08 0.05

ASF356- 0.22 -022 -023 038 0 014 -001 0

Anaerotruncus 4 0.04 -0.04 -0.04 -03 -0.15 -0.33 0.18 0.16
Anaeroplasma < -0.15 0.15 039 -0.31 -0.08 -0.23 -0.39 -0.39

Alistipes 4 -0.07 0.07 -0.33 002 0.08 -0.03 -0.29 -0.32

Akkermansiaq 0 0 007 -0.18 -0.09 -0.15 0.01 -0.12
Acetatifactorq4 0 0 038 -0.11  0.37 0.42

A2+ 028 -028 0.07 ; 058N -0.45 -0.05
[Eubacterium]xylanophilum 4 0.28 -0.28 0.03 -0.14 -0.24 -0.29 0.18 0.51
[Eubacterium]ventriosum 4 -0.15 0.15 039 -0.31 -0.08 -0.23 -0.39 -0.39
[Eubacterium]nodatum 4 0.29 -0.29 -0.04 0.23 -029 -0.2 -0.22 -0.01
[Eubacterium]fissicatena- 0.03 -0.03 -0.25 -0.17 -0.14 -0.19 -0.35 -0.29
[Eubacterium]coprostancligenes < -0.02 0.02 0.17 024 027 036 0.12 0.11
[Eubacterium]brachy 4 -0.04 0.04 -0.09 -0.14 0.04 0.06 0.08 0.49
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Figure S6: Spearman correlations were computed between colonic microbiota genera and metabolic
parameters determined from indirect calorimetry within the 12-week (A) and 20-week (B) cohorts.



12-Week Treatment B 20-Week Treatment

Spearman Correlations: Cecal Genus vs Hepatic Gene Expression Spearman Correlations: Cecal Genus vs Indirect Calorimetry

unknownOscillospiraceae 4 0.23 0387 0.13 | 022 -0.11 0.01 unknownOscillospiraceae 4 -0.03  -0.22 -0.04 0.1 006 -0.04
unknownLachnospiraceae4 0.25 024 = 053 036 044 0.28 unknownlLachnospiraceae 4 027  0.19 012 016 017
UnknownEnterobacteriaceae 4 -0.14 083 -02 -0.11 -0.02 -0.24 unculturedRuminococcaceae - [0S 0.28 031 041 054
unculturedPeptococcaceae4 -0.06 005 039 -0.01 022 0.04 unculturedPeptococcaceae 4  0.09 -0.1 027 023 015
unculturedOscillospiraceae 4 0.01 022 049 008 = 03 0 unculturedOscillospiraceae 4  -0.18  -0.01 I 005 -0.03 -017
ngnﬁulgg‘édfgh?ciwg:cgz: 1 g-; g ggg 3‘l§ -ggg 53-511 -(‘]121 16 unculturedLachnospiraceae 4 -0.03 -0.16 -0.16 0.3  0.08 0
UNCUIUredETySIPSIoHICNAceas =1 Juuy d : J : i unculturedErysipelotrichaceae 4 025 012 -006 0.12 025 019
unculturedChristensenellaceae 4 -0.14 -0.15 082 0.5 -0.18 0.1 unculturedChristensenellaceae 4 0.23 015 028 018 002 024
_uncultured - 0148 0.13" INO7&L -0.00 B0 T5REE015 UknownRuminococcaceae 4 | 0.8 -089 -0.23  -035 087  -0.42
UknownRuminococcaceae 4 0.06 0 015 009 0.21 0.22 Tuzzerelad 005 -043 019 -001 006 011
Tuzzerela{ -019 019 0  -003 -008 -0.1 iz 4 : - : : :
Turicibacter4 -0.01 001 -002 -01 -028 -009 Turicibacter4 -0.02 = 089 -021 0.02 -013 001
Staphylococcus{  0.06  -0.04 036 -025 006 -013 Staphylococcus - IEDISTN -0.26 039
Savagead 022 01 -003 022 026" -019 Roseburia -021 001 | 082 -0.12 -008 -0.13
Roseburia{ 004 002 -0.04 049 0832 0.15 Romboutsia 1220.06 L0082 0.01__0.02 JEHiEg 0.0
Romboutsia4 -0.04 018 025 -029 004 -0.27 RF39 1 1-0.22 -0.09 =033 -032 -0.33
RF394 017 -003 016 -002 001 -0.1 Parasutterella  0.33 01 061 059 059
Parasutterellad -0.18 -013  -033 014 007 -02 Osci||0§piraIESUCG—01 04 -0.29 -025 -0.18 -0.2 -0.2
OscillospiralesUCG-0109 -0.02  -028 0.08 -0.11 001 -0.12 OscillospiraceaeUCG-0054 -0.13 009 004 -0.05 -0.13
OscillospiraceaeUCG-0054 0.03 -0.13 -0.11 = 041 027 024 OscillospiraceaeNK4A214 -0.03 [EOEINIE048Y -0.87
OscillospiraceaeNK4A214 4 0.26 0.19 026 -004 -0.11 0.1 Oscillibacter = -0.02 0.07 0.09 0.06
Oscillibacter4 -0.08 017 033 -0.17 0.1 -0.25 Muribaculaceae = 0.1 007 009 014
Muribaculaceae4 -0.12 013 009 -0.19 -0.07 -0.19 Monoglobus -009 -005 -02 -0.09
Monoglobus 4~ 0.836 013 011 -001 -0.01 | 037 Marvinbryantia 026 [064 054 052
Marvinbryantiaq -0.13 -0.17 -0.15 0.13 0.24 0.1 Lactococcus 0.41 0.4 0.42
Lactocoqcus - N0.25 044 -0.14 0.07 0.14  0.03 Lactobacillus < I 007 -012 -0.08
 Lactobacillusq  -0.2 024 007 031 0.02 LachnospiraceaeUCG-006 4 -0.34 -031 032 03 -0.34 I
LachnospiraceaeUCG-006 1 0.21 024 031 0.43 041 026 LachnospiraceaeUCG-0044 -0.18 017 -002 -0.15 -0.18 -0.18 orr
LachnospiraceaeUCG-0044 . 02 = 019 015 -016 007 -0.06 LachnospiraceaeNK4B44 021 0.07 = 033 034 025 021 1.0
LachnospiraceaeNK4A136{ -0.04 -0.11 025 009 024 -0.05 LachnospiraceasNKAA136 ] -004 NN 009 | 01 | -012  -0.04 .
LachnospiraceaeGCA-9000665754 0.02 021 031 -037 -0.14 -0.2 y = J s T T e N i
g R LachnospiraceaeGCA-900066575 0.21 0.21 033 -0.18 -025 -0.28 05
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L raiell LachnospiraceaeA2 4| -043 -0.39 -023 037 -035 -041
achnoclostridium 0.1 037 026 -0.15 008 -024 A
i J Lachnoclostridum+ -021  -017 -0.15 -01 -0.25 -0.3 0.0
Jeotgalicoccus 0.16 0.15 0.15 005 -0.07 0.39 i
Intestinimonas 4 -0.24  0.07 017 -033 0 .0.34 Intestinimonas < -0.22 -0.189 -0.17 -0.18 -0.24 -0.36
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Figure S7: Spearman correlations were computed between cecal microbiota genera and hepatic
gene expression of genes related to oxidative stress and metabolic health within the 12-week (A) and

20-week (B) cohorts.
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Spearman Correlations: Colonic Genus vs Hepatic Gene Expression
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20-Week Treatment

Spearman Correlations: Colonic Genus vs Indirect Calorimetry
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Figure S8: Spearman correlations were computed between colonic microbiota genera and hepatic
gene expression of genes related to oxidative stress and metabolic health within the 12-week (A) and

20-week (B) cohorts.



