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Supplemental Fig. 1 BBR treatment induce the gut microbiota composition changes in 
C57BL/6J mice.   
Eight-week-old female C57BL/6J mice were fed chow, chow with 200 mg/kg BBR (BBR-H), 

chow with choline (1%), or chow with choline (1%) plus 200 mg/kg BBR (C+BBR-H) for 6 

weeks. (a) Microbial composition in the cecal content samples from 4 groups of mice (chow, 

BBR-H, Choline, C+BBR-H) was measured by 16S ribosomal RNA (rRNA) gene sequence 

analysis. n=10 for each group. (b) Microbiota alpha diversity was measured by Sobs index, Chao 

index and Simpson index (based on OTU level). n=10 for each group. Error bars were median 

with interquartile ranges, and p values were from Kruskal-wallis H test. a, p<0.05; b, p<0.01 

(versus chow-diet group); f, p<0.01; g, p<0.001 (versus choline-diet group). 
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Supplemental Fig. 2 Linear regression analysis of the correlation between serum 
TMA/TMAO level and plaque area in ApoE KO mice.  
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Supplemental Fig. 3 Serum physiological and biochemical indexes analysis of BBR treated 
ApoE KO mice.   
Eight-week-old female ApoE KO mice (n=10 per group) were fed a chow or choline (1%) diet 

with or without BBR (BBR-L, 100 mg/kg; BBR-H, 200 mg/kg) for 4 months. Blood was collected 

and serum total cholesterol (TC), LDL cholesterol (LDLC), HDL cholesterol (HDLC), total bile 

acid (TBA), alanine transaminase (ALT), aspartate aminotransferase (AST), total protein (TP), 

creatinine (CRE) and Urea were analyzed using Hitachi-7100 automatic analyser. Data were 

shown as mean ± SEM. ***, p<0.001 (n=10). 
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Supplemental Fig. 4 BBR treatment induce the gut microbiota composition changes in ApoE 

KO mice.  

Eight-week-old female ApoE KO mice were fed chow, chow with 200 mg/kg BBR (BBR-H), 

chow with choline (1%), or chow with choline (1%) plus 200 mg/kg BBR (C+BBR-H) for 16 

weeks. (a) microbial composition in the cecal content samples from 4 groups of mice (chow, 

BBR-H, Choline, C+BBR-H) was measured by 16S ribosomal RNA (rRNA) gene sequence 

analysis. n=10 for each group. (b) Microbiota alpha diversity was measured by Sobs index, Chao 

index and Simpson index (based on OTU level). n=10 for each group. Error bars were median 

with interquartile ranges, and p values were from Kruskal-wallis H test. a, p<0.05 (versus 

chow-diet group); g, p<0.001 (versus choline-diet group). (c) Linear discriminant analysis (LDA) 

identified the taxa most differentially abundant between the choline and C+BBR-H group at genus 

level. Only taxa meeting an LDA significant threshold value of ≥ 3.0 are shown. 
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Supplemental Fig. 5 BBR treatment altered the gut microbiota gene counts and composition 

in C57BL/6J mice via metagenomic sequencing.  
Cecal content samples from female C57BL/6J mice which were fed a chow or choline diet for 6 

weeks with or without BBR were collected (n=5 for each group, except for Choline group n=6), 

and metagenomic DNA was extracted and sequenced. (a) The change in gene counts, which was 

adjusted to 38 million mapped microbial genes reads of per sample. Error bars were means ± SEM, 

and p values were from one-way ANOVA with the Tukey’s multiple comparisons test. e, p<0.05 

(versus choline-diet group). (b) PCoA analysis was performed on the basis of the bray curtis 

distance at species level for overall gut microbiota taxonomic compositions. (c) Relative 

abundance of genes involved in distinct domains. Boxes show the mean proportions. p values 

were from Kruskal-wallis H test with Tukey-kramer post hoc test. **, p<0.01. Changes in the 

relative abundance of Archaea (d) and Viruses (e) at domain level were analyzed. Boxes show the 

median with interquartile ranges, whiskers show the minimum and maximum values. p values 

were from Kruskal-wallis H test with Tukey-kramer post hoc test. g, p<0.001 (versus choline-diet 

group). (f) Linear discriminant analysis (LDA) identified the taxa most differentially abundant 

between the choline and C+BBR-H group at genus level. Only taxa meeting an LDA significant 

threshold value of ≥ 3.0 are shown. 
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Supplemental Fig. 6 BBR regulated gut microbiota functional genes in C57BL/6J mice.  
Cecal content samples from female C57BL/6J mice which were fed a chow or choline (1%) diet 

for 6 weeks with or without BBR were collected (n=5 for each group, except for Choline group 
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n=6), and metagenomic DNA was extracted and sequenced. (a) Relative abundance of genes 

involved in top six differential KEGG pathways. Boxes show the mean proportions. p values were 

from Kruskal-wallis H test with Tukey-kramer post hoc test. ** p<0.01. (b) PCoA was performed 

on the basis of the bray curtis distance for carbohydrate-active enzyme (CAZy) family-encoding 

genes. (c) Changes in the abundance of the bile salt hydrolase (BSH, EC 3.5.1.24) gene. Boxes 

show the median with interquartile ranges, whiskers show the minimum and maximum values. p 

values were from Kruskal-wallis H test with Tukey-kramer post hoc test. f, p<0.01 (versus 

choline-diet group). (d) TBA content and relative level of T-β-MCA/β-MCA in serum. C57BL/6J 

mice fed a chow diet or choline diet (1%) with or without BBR (100 mg/kg). Values are presented 

as means ± SEM (n=10). b, p<0.01 (versus chow-diet group); f, p<0.01 (versus choline-diet 

group). (e) Changes in the abundance of the key enzymes involved in SCFA production. 

formate-tetrahydrofolate ligase (Fhs, EC 6.3.4.3), propionate CoA-transferase (PcoAt, EC 2.8.3.1), 

butyryl-CoA:acetate CoA transferase (But, EC 2.8.3.8) and butyrate kinase (Buk, EC 2.7.2.7). 

Boxes show the median with interquartile ranges, whiskers show the minimum and maximum 

values. p values were from Kruskal-wallis H test with Tukey-kramer post hoc test. There were no 

significant difference between the groups with and without BBR treatment. 
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Supplemental Fig. 7 BBR regulated gut microbiota functional genes cutC and cntA for TMA 

production in ApoE KO mice.  
mice were fed a chow or choline (1%) diet for 16 weeks with or without 200 mg/kg BBR (n=10 

for each group). Metagenomic DNA was extracted and measured by qPCR. cutC (a), cntA (b) and 

16S rRNA gene (c) amplified products were analyzed by agarose gel electrophoresis (5 μl each 

line). Expected sizes of amplified products are 315bp (CutC), 302bp (cntA) and 292bp (16S 

rRNA), respectively. DNA marker (from top): 1500 bp, 1000 bp, 900 bp, 800 bp, 700 bp, 600 bp, 

500 bp, 400 bp, 300 bp, 200 bp, 100 bp. All gels derived from the same experiment and were 

processed in parallel. 
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Supplemental Fig. 8 Growth curves of TMA producing bacteria with or without BBR 
treatment.   

TMA producing bacteria cultures were incubated in Mega media containing 15 mM d9-choline 

with or without different concentration of BBR (1/64, 1/16, 1/4 of the MIC of each strain). The 

growth was detected at indicated time (0, 6, 9, 12 or 24 h) at 37 °C in anaerobic condition.  
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Supplemental Fig. 9 The effect of BBR on choline-TMA transformation in cell lysate of C. 

sporogenes and choline uptake in C. sporogenes.  

(a) BBR inhibited d9-TMA production from d9-choline in C. sporogenes ATCC 19404 lysates. 1.5 

mg/ml C. sporogenes lysates were incubated with 20 mM of d9-choline in the presence or absence 

of different concentrations of BBR for 13 hours at 37 °C in anaerobic condition. (b) BBR did not 

affect choline uptake in C. sporogenes ATCC 19404. Intact fresh strain (OD600 = 0.5) was 

incubated with indicated concentrations of d9-choline in the presence of different concentrations 

of BBR for 15 minutes at 37 °C in anaerobic condition. The cell exterior d9-choline was 

quantified.  
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Supplemental Fig. 10 Antibiotics induced severe gut microbiota dysbiosis in C57BL/6J mice. 
Eight-week-old female C57BL/6J mice were fed chow, chow with 100 mg/kg BBR (BBR-L) or 

200 mg/kg BBR (BBR-H), chow with choline (1%), or chow with choline (1%) plus 100 mg/kg 

BBR (C+BBR-L) or 200 mg/kg BBR (C+BBR-H) in the absence or presence of Abs (+A) for 6 

weeks. Antibiotics mixture including 200 mg/kg vancomycin, 400 mg/kg neomycin sulfate, 400 

mg/kg metronidazole and 400 mg/kg ampicillin. Microbiota alpha diversity was measured by 16S 

rRNA gene sequence analysis of the cecal content samples using Shannon index (based on OTU 

level). Error bars were median with interquartile ranges, and p values were from Kruskal-wallis H 

test (n=10). e, p<0.05 (versus choline-diet group); x, p<0.05; y, p<0.01; z, p<0.001 (versus 

relevant group without Abs).  
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Supplemental Fig. 11 BBR increased TMA and TMAO synthesis from choline in chow-diet 
fed C57BL/6J mice.  
Eight-week-old female C57BL/6J mice were fed a normal chow diet with or without BBR in the 

presence or absence of Abs for 6 weeks. Then the mice were administered choline (400 mg/kg, 

n=10). At 4 h after choline was given, blood samples were collected. Serum TMA (a) and TMAO 

(b) levels were determined by LC/MS. Values are presented as means ± SEM (n=10). b, p<0.01; c, 

p<0.001 (versus chow-diet group); z, p<0.001 (versus relevant group without Abs). 



Supplemental Tab. 1 The annotations of the taxonomy of OTUs. 

DoŵaiŶ KiŶgdoŵ Phyluŵ Class Order Faŵily GeŶus Species OTU

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_LaĐhŶospiraĐeae_NKϰAϭϯϲ_
group

s_uŶĐultured_ďaĐteriuŵ_g_LaĐhŶospira
Đeae_NKϰAϭϯϲ_group OTUϴϵ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_ŶoraŶk_f_LaĐhŶospiraĐeae s_uŶĐlassified_g_ŶoraŶk_f_LaĐhŶospiraĐ
eae OTUϭϬϬ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_uŶĐlassified_f_LaĐhŶospiraĐe
ae s_uŶĐlassified_f_LaĐhŶospiraĐeae OTUϭϮϵ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_LaĐhŶospiraĐeae_UCG-ϬϬϭ s_uŶĐlassified_g_LaĐhŶospiraĐeae_UCG-
ϬϬϭ OTUϯϴ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_BaĐilli o_LaĐtoďaĐillales f_LaĐtoďaĐillaĐeae g_LaĐtoďaĐillus s_LaĐtoďaĐillus_johŶsoŶii OTUϰϭϯ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_RuŵiŶoĐoĐĐaĐeae g_RuŵiŶiĐlostridiuŵ_ϵ s_uŶĐlassified_g_RuŵiŶiĐlostridiuŵ_ϵ OTUϭϵϬ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_uŶĐlassified_f_LaĐhŶospiraĐe
ae s_uŶĐlassified_f_LaĐhŶospiraĐeae OTUϯϳ

d_BaĐteria k_ŶoraŶk p_BaĐteroidetes Đ_BaĐteroidia o_BaĐteroidales f_BaĐteroidales_SϮϰ-
ϳ_group

g_ŶoraŶk_f_BaĐteroidales_SϮϰ
-ϳ_group

s_uŶĐultured_BaĐteroidales_ďaĐteriuŵ_
g_ŶoraŶk_f_BaĐteroidales_SϮϰ-ϳ_group OTUϭϲ

d_BaĐteria k_ŶoraŶk p_BaĐteroidetes Đ_BaĐteroidia o_BaĐteroidales f_BaĐteroidales_SϮϰ-
ϳ_group

g_ŶoraŶk_f_BaĐteroidales_SϮϰ
-ϳ_group

s_uŶĐlassified_g_ŶoraŶk_f_BaĐteroidale
s_SϮϰ-ϳ_group OTUϮϬ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_ŶoraŶk_f_LaĐhŶospiraĐeae s_uŶĐlassified_g_ŶoraŶk_f_LaĐhŶospiraĐ
eae OTUϮϰϯ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_LaĐhŶospiraĐeae_NKϰAϭϯϲ_
group

s_uŶĐlassified_g_LaĐhŶospiraĐeae_NKϰA
ϭϯϲ_group OTUϭϳ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_LaĐhŶospiraĐeae_NKϰAϭϯϲ_
group

s_uŶĐultured_ďaĐteriuŵ_g_LaĐhŶospira
Đeae_NKϰAϭϯϲ_group OTUϰϯ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_LaĐhŶospiraĐeae_NKϰAϭϯϲ_
group

s_uŶĐultured_ďaĐteriuŵ_g_LaĐhŶospira
Đeae_NKϰAϭϯϲ_group OTUϰϱϮ

d_BaĐteria k_ŶoraŶk p_BaĐteroidetes Đ_BaĐteroidia o_BaĐteroidales f_BaĐteroidales_SϮϰ-
ϳ_group

g_ŶoraŶk_f_BaĐteroidales_SϮϰ
-ϳ_group

s_uŶĐultured_ďaĐteriuŵ_g_ŶoraŶk_f_Ba
Đteroidales_SϮϰ-ϳ_group OTUϰϰϬ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_[EuďaĐteriuŵ]_ǆǇlaŶophiluŵ
_group

s_uŶĐultured_ďaĐteriuŵ_g_[EuďaĐteriu
ŵ]_ǆǇlaŶophiluŵ_group OTUϮϳϰ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_MarviŶďrǇaŶtia s_uŶĐultured_ďaĐteriuŵ_g_MarviŶďrǇaŶ
tia OTUϯϲϯ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_uŶĐlassified_f_LaĐhŶospiraĐe
ae s_uŶĐlassified_f_LaĐhŶospiraĐeae OTUϰϬϭ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_LaĐhŶospiraĐeae_NKϰAϭϯϲ_
group

s_uŶĐultured_ďaĐteriuŵ_g_LaĐhŶospira
Đeae_NKϰAϭϯϲ_group OTUϮϰϱ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_uŶĐlassified_f_LaĐhŶospiraĐe
ae s_uŶĐlassified_f_LaĐhŶospiraĐeae OTUϰϱ



d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_Roseďuria s_uŶĐultured_ďaĐteriuŵ_g_Roseďuria OTUϯϵ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_ŶoraŶk_f_LaĐhŶospiraĐeae s_uŶĐlassified_g_ŶoraŶk_f_LaĐhŶospiraĐ
eae OTUϯϵϰ

d_BaĐteria k_ŶoraŶk p_BaĐteroidetes Đ_BaĐteroidia o_BaĐteroidales f_BaĐteroidales_SϮϰ-
ϳ_group

g_ŶoraŶk_f_BaĐteroidales_SϮϰ
-ϳ_group

s_uŶĐlassified_g_ŶoraŶk_f_BaĐteroidale
s_SϮϰ-ϳ_group OTUϰϬϵ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_RuŵiŶoĐoĐĐaĐeae g_OsĐilliďaĐter s_[Clostridiuŵ]_leptuŵ_g_OsĐilliďaĐter OTUϭϯϬ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_BaĐilli o_LaĐtoďaĐillales f_LaĐtoďaĐillaĐeae g_LaĐtoďaĐillus s_LaĐtoďaĐillus_iŶtestiŶalis OTUϭϵϰ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_uŶĐlassified_f_LaĐhŶospiraĐe
ae s_uŶĐlassified_f_LaĐhŶospiraĐeae OTUϰϲϭ

d_BaĐteria k_ŶoraŶk p_BaĐteroidetes Đ_BaĐteroidia o_BaĐteroidales f_BaĐteroidales_SϮϰ-
ϳ_group

g_ŶoraŶk_f_BaĐteroidales_SϮϰ
-ϳ_group

s_uŶĐultured_BaĐteroidales_ďaĐteriuŵ_
g_ŶoraŶk_f_BaĐteroidales_SϮϰ-ϳ_group OTUϮϭ

d_BaĐteria k_ŶoraŶk p_BaĐteroidetes Đ_BaĐteroidia o_BaĐteroidales f_BaĐteroidales_SϮϰ-
ϳ_group

g_ŶoraŶk_f_BaĐteroidales_SϮϰ
-ϳ_group

s_uŶĐultured_ďaĐteriuŵ_g_ŶoraŶk_f_Ba
Đteroidales_SϮϰ-ϳ_group OTUϯϵϲ

d_BaĐteria k_ŶoraŶk p_BaĐteroidetes Đ_BaĐteroidia o_BaĐteroidales f_BaĐteroidales_SϮϰ-
ϳ_group

g_ŶoraŶk_f_BaĐteroidales_SϮϰ
-ϳ_group

s_uŶĐlassified_g_ŶoraŶk_f_BaĐteroidale
s_SϮϰ-ϳ_group OTUϭϱ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_LaĐhŶospiraĐeae_NKϰAϭϯϲ_
group

s_uŶĐlassified_g_LaĐhŶospiraĐeae_NKϰA
ϭϯϲ_group OTUϭϮϲ

d_BaĐteria k_ŶoraŶk p_BaĐteroidetes Đ_BaĐteroidia o_BaĐteroidales f_PrevotellaĐeae g_Alloprevotella s_uŶĐultured_BaĐteroidales_ďaĐteriuŵ_
g_Alloprevotella OTUϮϭϯ

d_BaĐteria k_ŶoraŶk p_BaĐteroidetes Đ_BaĐteroidia o_BaĐteroidales f_BaĐteroidales_SϮϰ-
ϳ_group

g_ŶoraŶk_f_BaĐteroidales_SϮϰ
-ϳ_group

s_uŶĐlassified_g_ŶoraŶk_f_BaĐteroidale
s_SϮϰ-ϳ_group OTUϭϵϮ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_LaĐhŶospiraĐeae_NKϰAϭϯϲ_
group

s_uŶĐultured_ďaĐteriuŵ_g_LaĐhŶospira
Đeae_NKϰAϭϯϲ_group OTUϮϲϮ

d_BaĐteria k_ŶoraŶk p_BaĐteroidetes Đ_BaĐteroidia o_BaĐteroidales f_BaĐteroidaĐeae g_BaĐteroides s_BaĐteroides_aĐidifaĐieŶs OTUϮϮϬ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_ŶoraŶk_f_LaĐhŶospiraĐeae s_LaĐhŶospiraĐeae_ďaĐteriuŵ_AϮ OTUϮϮϴ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_LaĐhŶospiraĐeae_NKϰAϭϯϲ_
group

s_uŶĐultured_ďaĐteriuŵ_g_LaĐhŶospira
Đeae_NKϰAϭϯϲ_group OTUϮϲϱ

d_BaĐteria k_ŶoraŶk p_FirŵiĐutes Đ_Clostridia o_Clostridiales f_LaĐhŶospiraĐeae g_LaĐhŶospiraĐeae_UCG-ϬϬϭ s_uŶĐultured_ďaĐteriuŵ_g_LaĐhŶospira
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