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- Accession codes, unique identifiers, or web links for publicly available datasets
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- A description of any restrictions on data availability
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Replication

Randomization
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All data generated or analysed during this study are included in this published article (and its supplementary information files). The mass spectrometry proteomics
data have been deposited to the ProteomeXchange Consortium via the PRIDE partner repository with the dataset identifier PXD025887. Final PDB coordinates were
deposited to the RCSB Protein Data Bank under the codes 7KGZ [https://doi.org/10.2210/pdb7KGZ/pdb] (Rh3) and 7KGY [https://doi.org/10.2210/pdb7KGY/pdb]
(FpL2-1 with GUSi).

The sample sizes of the animal experiments were determined based on power calculation and our previous research using similar techniques
(PMID: 33338815, 31868902, 31760871, 29848663, 31444155, 30503401). The sample sizes for the cell culture studies were determined
based on our previous research (PMID: 30803995). The sample sizes for the biochemical studies were determined based on our previous
research using similar techniques (PMID: 32170007, 31774274, 31663730, 30729778, 30658055, 30696850).

For LC-MS/MS analysis of TCS metabolism in mice and humans (Fig. 1-2) or in vitro or enzymatic assays (Fig. 3-4), we did not exclude data in
figure preparation and data analysis. For the RT-PCT analysis of gene expression in colon tissues (Fig. 5E), a limited number of data sets were
clearly abnormal, which was further validated by the ROUT method (a method developed to identify outliers from nonlinear regression) using
Prism 9 software, then these outliers were removed from data analysis. In addition, we reported raw data either in supplemental table (Table
S1-2) or as scatter-plot points in figures when feasible (such as Fig. 1, 2, and 5).

The in vitro experiments (Fig. 2A) and enzymatic assays (Fig. 3-4) were replicated three times with similar and successful results. The animal
experiments (Fig. 1, 2, and 5) were performed once with enough animal size per group. Prior to the animal experiment, we determined the
animal size based on power calculation and our previous research using similar techniques (PMID: 33338815, 31868902, 31760871,
29848663, 31444155, 30503401); and the animal experiments have at least 5 replicates per group in the animal study. To increase the rigor
of our research, we have used multiple complementary techniques, to aid in avoiding weakness associated with each particular technique.
For example, to study TCS metabolism (Fig. 1), we performed LC-MS/MS analyses in both mice and humans. To study the roles of gut
microbiota involved (Fig. 2), we used a combination of in vitro culturing studies of fecal bacteria, antibiotic-mediated suppression of gut
bacteria in vivo (long-term treatment and short-term time-course study), germ-free mouse models in both C57BL/6 and Swiss Webster
background. To study the specific GUS enzymes involved in TCS metabolism (Fig. 3), we used a combination of enzymatic assays against a
panel of purified gut microbial GUS enzymes, activity-based probe-enabled proteomics using human fecal samples, and X-ray crystallography.

After acclimation, the mice were housed in standard cages, then randomly assigned to different experimental treatment groups. Each cage
has 2 mice per cage, in order to increase the number of mouse cages and minimize the potential cage effect on gut microbiota.
Randomization is not relevant to the in vitro assays performed.

For LC-MS/MS analyses of TCS metabolism in mice and humans (Fig. 1 and Fig. 2), the sample and human samples were given a code before
the experiments and this code was not available to the LC-MS/MS experimenter until data analysis. In addition, the animal experiment was
performed in the UMass-Amherst campus in United States; then the animal samples were shipped to the HKBU campus in Hong Kong for LC-
MS/MS analysis. Thus, the animal sample preparation and sample analysis were performed by independent investigators, which helps to
reduce or eliminate experimental bias. For histological analysis of colon tissues (Fig. 5), the histologic scores were evaluated by a blinded
observer. Besides LC-MS/MS and histology, other experiments were not performed in a blinded manner.
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Materials & experimental systems
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Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation

Eukaryotic cell lines
Policy information about cell lines

Cell line source(s)

Authentication

Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

Animals and other organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research

Laboratory animals

Wild animals

Field-collected samples

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Human research participants
Policy information about studies involving human research participants

Population characteristics

Recruitment

FITC-conjugated anti-mouse CD45,Clone: BM8; Biolegend Cat# 103108, RRID: AB_312973

PerCP/Cyanine5.5-conjugated anti-mouse F4/80 antibody; Clone: BM8; Biolegend; Cat# 123128, RRID: AB_893484

PE/Cy7-conjugated anti-mouse Ly-6G/Ly-6C (GR-1); Clone: RB6-8C5; Biolegend; Cat# 108416, RRID: AB_313381

FITC-conjugated anti-mouse CD45; Biolegend Cat# 103108, RRID: AB_312973

PerCP/Cyanine5.5-conjugated anti-mouse F4/80 antibody; Biolegend; Cat# 123128, RRID: AB_893484

PE/Cy7-conjugated anti-mouse Ly-6G/Ly-6C (GR-1); Biolegend; Cat# 108416, RRID: AB_313381

All of the antibodies had been used in our previous studies for FACS analysis of immune cells (PMID: 33541845, 32594738, 32220957,
31760871, 31444155, 30803995, 29848663, and 29717038). These antibodies were also widely used by other laboratories.

The MC38 cell line was a gift from Prof. Ajit Varki at UCSD, and was cultured in the lab of Dr. Zhang at the UMass-Amherst
campus, and was used in our previous studies (PMID: 27933995, 28672272, and 30803995). Caco2 cells (HTB-37; https://
www.atcc.org/products/htb-37) and HCT-116 cells (CCL-274; https://www.atcc.org/products/ccl-247) are from ATCC.

The cells were not authenticated.

The cells were not tested for mycoplasma contamination.

No

C57BL/6 (male, 6-week age, wild type; conventional or germ-free) and Swiss Webster mice (female, 6-week age, conventional or
germ-free).

No wild animals were used in the study.

No field collected samples were used in the study.

Animal experiments were conducted in accordance with protocols approved by the Institutional Animal Care and Use Committee of
the University of Massachusetts (Amherst, MA) and Massachusetts Host-Microbiome Center at the Brigham and Women's Hospital
(Boston, MA).

Human urine and stool samples from a previous study (see publication PMID: 27303746) were kindly provided by Dr. Julie
Parsonnet as a gift, then the samples were analyzed by LC-MS/MS.

The information of recruitment was described in the previous publication (PMID: 27303746): healthy volunteers were
recruited from July 2011 to March 2013 using flyers, talks, and informal discussions. Inclusion criteria includes: (1) age
greater than 18 years, and (2) willingness to use study-assigned HPCPs (toothpaste, hard and liquid soap, dish soap) for 8




