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Detailed Experimental Procedure

ELISA
In this study, the experimental kit was utilized for operation, and the specific procedures were as follows: First, after equilibration at room temperature, the slats were removed from the aluminum foil bag, and the remaining slats were returned to the refrigerator at 4 °C for storage. Subsequently, standard, blank, and sample wells were established, and 50 μL of either standard solution or test sample was added to each well, followed by incubation at 37 °C for 1 hour. Next, the liquid was discarded and absorbed using absorbent paper, and washing buffer was added to each well. The plate was washed 5 times. Then, 100 μL of biotin-conjugated reagent was added to each well of the blank, standard, and sample wells. The wells were sealed with a sealing membrane and incubated in an incubator for 60 minutes. Afterward, the liquid was discarded again and absorbed with absorbent paper, and washing buffer was added to each well. The plate was washed 5 times. Following this, 100 μL of 3,3',5,5'-Tetramethylbenzidine(TMB) chromogenic solution was added to each well and incubated in the dark at 37 °C for 15 minutes. Finally, 50 μL of stop solution was added to each well, and within 15 minutes, the OD value of each well was measured at a wavelength of 450 nm.

Western blot analysis

Extraction of Total Protein
First, melt the RIPA lysate and place on ice after mixing. Prior to use, phenylmethanesulfonyl fluoride(PMSF) was added to the lysate to achieve a final concentration of 1 mM. Next, tissue samples were combined with 200 μL of lysate, followed by a thorough homogenization lysis process. Subsequently, the samples were incubated on ice for 30 minutes, with a vortex every 10 minutes to ensure adequate cell lysis. Finally, the samples were centrifuged at 12,000 g for 10 minutes at 4 °C, and the resulting supernatant was collected as the total protein extract.

Quantitative Analysis of Protein Levels Using the BCA Assay Method
First, the total volume of BCA working solution required is calculated based on the number of standards and samples to be tested as well as the number of experimental repetitions. Subsequently, the BCA working solution is prepared by thoroughly mixing reagent A and reagent B at a ratio of 50:1. The microplate method is then employed for the experiment. Standard solutions and test samples are sequentially added to each well, followed by the addition of 200 μL of BCA working solution. After shaking and mixing, the plates are incubated at 37°C for 30 minutes. Following incubation, the microplates are cooled to room temperature, and the absorbance at a wavelength of 562 nm is measured using an enzyme-labeled instrument. Finally, the protein concentration of the sample is determined according to the standard curve and the sample dilution factor.

Western blotting analysis
First, the protein sample was mixed with the loading buffer and subsequently subjected to heat treatment in a 100°C water bath. Next, the SDS-PAGE separation gel was prepared according to the composition detailed in Table1, followed by the preparation of the stacking gel as outlined in Table2. The gels were then placed into the gel tank, and added the electrophoresis buffer to start loading the sample. Upon completion of electrophoresis, the gel was rinsed with PBS, and the membrane transfer step was performed. During the transfer process, the PVDF membrane was equilibrated by soaking in methanol and transfer buffer. After the membrane transfer was completed, the membrane was blocked, washed, and incubated sequentially with primary and secondary antibodies for immunodetection. Finally, chemiluminescent development was carried out, and the results were documented via photography, scanning, and digital storage for further analysis.
Fluorescence Quantitative PCR Assay
RNA Extraction
First, the tissue sample was added to the RNA extraction reagent RNAiso Plus and thoroughly homogenized to lyse the tissue. The mixture was then left standing for a period of time. Subsequently, chloroform was added, followed by vigorous mixing and centrifugation. The supernatant was transferred to a new centrifuge tube. Isopropyl alcohol was added then cryo-centrifuged to precipitate the RNA. After discarding the supernatant, the RNA pellet at the bottom of the tube was suspended with ethanol. Following another round of centrifugation, the supernatant was discarded. Finally, the RNA pellets were resuspended in DEPC H2O, and the concentration and integrity of the RNA samples were assessed using a spectrophotometer to ensure high-quality RNA for subsequent experiments.

Reverse Transcription PCR Experiment

3.2.1 Reverse Transcriptional Reaction
The extracted RNA template was transcribed into cDNA. The reagents and dosages are listed in the Table3.
3.2.2 qPCR Amplification

The cDNA template is amplified. The reaction consists of a preheating step to activate the polymerase, followed by a cyclic PCR step including denaturation, annealing and extension. The qPCR amplification reaction system is listed in Table4.
Quantitative Measurement of Stool BAs

Standard Preparation

The bile acids were accurately weighed and prepared to a final concentration of 1000 μg/mL with methanol, and then diluted with 30% methanol for ten standard curve points. All reserve solutions and working standard solutions were stored at -20°C.
Metabolite Extraction
Appropriate samples were collected and transferred into 2-mL centrifuge tubes. Subsequently, 400μL of methanol (-20°C) was added accurately and vortexed for 60 seconds with 2 steel beads. The samples were subsequently placed in a tissue grinder and grinded at 55 Hz for 1 minute, repeating this step at least twice. Subsequently, the samples were sonicated for 30 minutes at room temperature, followed by centrifugation at 12,000 rpm for 10 minutes at 4°C.  300 μL of the supernatant was mixed with 600 μL of water and vortexed for 30 seconds. Finally, the supernatant was diluted 10 times with 30% methanol and filtered through a 0.22 μm membrane, and the filtrate was collected into a test vial to prepare for the subsequent experiments.
Content (μg/g) = C (ng/mL) × 0.4 × 3 × 10 / Sample weight (mg)

Detection

Gas Chromatographic Condition
ACQUITY UPLC® BEH C18 column(2.1×100 mm, 1.7 μm, Waters, MA, USA) was employed for on-board detection. The injection volume was 5 μL, the column temperature was maintained at 40°C, mobile phase A comprised 0.01% formic acid solution, and mobile phase B consisted of acetonitrile. The gradient elution conditions were as follows: 0-4 min, 25% B; 4-9 min, 25-30% B; 9-14 min, 30-36% B; 14-18 min, 36-38% B; 18-24 min, 38-50% B; 24-32 min, 50-75% B; 32-33 min, 75-90% B; 33-35.5 min, 90-25% B. The flow rate was maintained at 0.25 mL/min throughout the procedure.

Mass Spectrum Conditions

Electrospray ionization (ESI) source, negative ionization mode. The ion source temperature was 500℃, the ion source voltage was -4500 V, the collision gas was 6 psi, the curtain gas was 30 psi, and the atomizing gas and auxiliary gas were both 50 psi.Scans were performed using multiple reaction monitoring (MRM).

Table1 

Different concentration of separation gel preparation scheme
	Reagent(concentration/ml)
	6%
	8%
	10%
	12%
	15%

	Water
	5.4
	4.7
	4.1
	3.4
	2.4

	Bis/Acryl. 30%
	2.0
	2.7
	3.3
	4.0
	5.0

	4×Tris.HCl/SDS (1.5M, pH 8.8)
	2.5
	2.5
	2.5
	2.5
	2.5

	10% Ammonium persulfate
	0.1
	0.1
	0.1
	0.1
	0.1

	TEMED
	0.008
	0.008
	0.008
	0.008
	0.008

	Total volume
	10
	10
	10
	10
	10


SDS, sodium dodecyl sulfate；TEMED, N,N,N’,N’-tetramethylethylenediamine
Table2 

Stacking gel preparation scheme

	Reagent
	Dosage/ml

	Water
	2.87

	Bis/Acryl. 30%
	0.83

	4×Tris.HCl/SDS (0.5M, pH 6.8)
	1.25

	10% Ammonium persulfate
	0.5

	TEMED
	0.005

	Total volume
	5.0


TEMED:N,N,N’,N’-Tetramethylethylenediamine

Table3 

Reagent and dosage required for reverse transcriptional reaction
	Reagent
	Dosage

	5x primeScript RT Master MIX（perfect Real Time）
	4μl

	Total RNA
	1μg

	RNase Free Water
	up to 20μl


Table4 

qPCR amplification reaction system

	Reagent
	Dosage

	SYBR Premix EX Taq (2x)
	10 μl

	Forward primer, 10 µM
	1 μl

	Reverse primer, 10 µM
	1 μl





