1 Analysis of Serum Chemical Composition of WMW
1.1 LC-MS Method 

WMW extracts were analyzed using a Vanquish UHPLC system (Thermo Scientific, Waltham, MA) equipped with a HSS-T3 column (100 x 2.1 mm，1.8 μm particles size; Waters ) at a column compartment termperature of 35℃. Mobile phase A is H2O+0.1%formic acid and mobile phase B is acetonitrile+0.1%formic acid (LC-MS grade solvents, Fisher chemical). Samples were separated with a flow rate of 0.3 mL/min using the following gradient: 1 min isocratic at 5% B, up to 98 B in 16 min, back to 5% B in 0.5 min and then 2.5 min isocratic at 5% B.

Q-Exactive HFX mass spectrometer (Thermo Fisher Scientific, Bremen, Germany) was coupled to the UHPLC system. Mass spectra were acquired in both electrospray ionization (ESI) positive and negative modes using data-dependent acquisition (DDA) mode with a mass range of m/z 90-1,300. The MS/MS spectra were obtained from the top10 most intense MS1 ions. The stepped normalized high-energy dissociation (HCD) collision energies (CEs) of 20,40, and 60 units were used. Capillary temperature is 320℃ and probe heater temperature is 350℃.

1.2 Database 
Compound annotation was done by matching accurate mass，isotopic istributions and MS/MS spectral to reference data from an in-house standards TCM database （Shanghai Applied Protein Technology CO., Ltd., Shanghai, China）and public databases GNPS （Wang, M. X.; Carver, J. J.; Phelan, V. V.; et al. Nat. Biotechnol. 2016, 34, 828−837.），ReSpect（Sawada, Y. et al. Phytochemistry. 
82, 38–45 (2012)）and Massbank（Horai, H.; Arita, M.; Kanaya, S.; et al. J. Mass Spectrom. 2010, 45, 703−714.

2 Metagenomic Sequencing

2.1 Experimental procedures 

2.1.1 DNA extraction 

Total DNA was extracted from the mouse fecal samples using Magnetic Soil And Stool DNA Kit (TIANGEN, China) according the manufacturer’s instructions. There are mainly two methods in 

2.1.2QC for DNA samples:

(1) DNA degradation degree and potential contamination was monitored on 1% agarose gels.

(2) DNA concentration was measured using Qubit® dsDNA Assay Kit in Qubit® 2.0 Flurometer (Life Technologies, CA, USA). 

Only qualified samples will be used for library construction. 

2.1.2 Library preparation 

Construction A total amount of 1μg DNA per sample was used as input material for the DNA sample preparations. Sequencing libraries were generated using NEBNext® Ultra™ DNA Library Prep Kit for Illumina (NEB, USA) following manufacturer’s recommendations and index codes were added to attribute sequences to each sample. Briefly, the DNA sample was fragmented by sonication to a size of 350bp,then DNA fragments were end-polished, A-tailed, and ligated with the full-length adaptor for Illumina sequencing with further PCR amplification. At last, PCR products were purified (AMPure XP system) and libraries were analysed for size distribution by Agilent2100 Bioanalyzer and quantified using real-timePCR (Bio-Rad CFX96). 

2.1.3 Sequencing 

The clustering of the index-coded samples was performed on a cBot Cluster Generation System according to the manufacturer’s instructions. After cluster generation, the library preparations were sequenced on an Illumina Novaseq 6000 and 150 bp paired-end reads were generated.

2.2. Data analysis

The data generated from Illumina platform were used for bioinformatics analysis. The major software and parameters are as follows. 

2.2.1 Quality control 
(1) Preprocessing the Raw Data obtained from the Illumina (or BGI) sequencing platform using fastp (https://github.com/OpenGene/fastp) was conducted to acquire the Clean Data for subsequent analysis with default parameters. The specific processing steps are as follows: remove the reads which contain adapter, N (N means that the base information cannot be determined) ratio is greater than 10% and low quality (low quality, the number of lines with a string quality value less than or equal to 15 accounts for more than 50% of the entire reading) reads.

(2) Considering the possibility of host pollution may exist in samples, Clean Data need to be blast to the host database which default using BWA software to filter the reads that are of host origin.

2.2.2 Metagenome Assembly

Clean Data were assembled by MEGAHIT software. According to the overlap

relationship between kmers, the de-Brujin graph was constructed and the contigs were generated finally. Only contigs longer than 800bp were used for subsequent analysis. 2.2.3 Gene prediction and abundance analysis

(1) Contigs were predicted the ORF by Prodigal software and translated into amino acid sequences.

(2) For ORF prediction results, CD-HIT software was used to generate non redundant gene catalogue (here, the nucleic acid sequences encoded by non redundant gene catalogue were called genes) with default parameters: 95% identity and 90% coverage are used for clustering, and the longest sequence is selected as the representative sequence.

(3) Using bowtie2 software, the clean reads of each sample was alignment to the non redundant gene catalogue with a cut-off identity 95%.

(4) Based on the number of reads and gene length on the gene, the abundance information (TPM) of each gene for each sample was calculated. The calculation formula is as follow ( r represents the number of reads mapped to the genes and L represents gene's length):
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(5) Based on the abundance information, samples information statistics, core pan gene analysis, correlation analysis between samples, and venn diagram analysis were performed.

3.2.4 Taxonomic analysis

(1) DIAMOND software (V0.9.9.110) is used to blast the gene catalogue to the sequences of Bacteria, Fungi, Archaea and Viruses which are all extracted from the NR database (Version:2021.11) of NCBI with the parameter setting are blastp.

(2) For the finally aligned results of each sequence, as each sequence may have multiple aligned results, choose the result of which the e value≤1e-5 to take the LCA algorithm which is applied to system classification of MEGAN software to make sure the species annotation information of sequences.

(3) The table containing the number of genes and the abundance information of each sample in each taxonomy hierarchy (kingdom, phylum, class, order, family, genus, species) are obtained based on the LCA annotation result and the gene abundance table. The abundance of a specie in one sample equal the sum of the gene abundance annotated for the specie ; the gene number of a specie in a sample equal the number of genes whose abundance are nonzero.

(4) Krona analysis, the exhibition of generation situation of relative abundance of taxonomy level from kingdom to species. Gephi software was used to construct the species association network with cut-of correlation coefficient r 0.7 and p 0.01. 2.5 2.2.5Functional analysis

(1) Adopt DIAMOND software (V0.9.9.110) to blast gene catalogue to functional database exclude KEGG database, eggNOG database and CAZy database with the parameter setting of blastp. For each sequence's blast result, the best Blast Hit was used for subsequent analysis.

(2) Statistic of the relative abundance of different functional hierarchy, the relative abundance of each functional hierarchy equal the sum of relative abundance annotated to that functional level.

(3) Based on the function annotation result and gene abundance table, the gene number table of each sample in each taxonomy hierarchy is obtained. The gene number of a function in a sample equal the gene number that annotated to this function and the abundance is nonzero.

(4) Based on the abundance table of each functional hierarchy, not only the counting of annotated gene numbers, the exhibition of the general relative abundance situation, the exhibition of abundance cluster heatmap was conducted.

2.2.6 Resistance gene annotation

(1) ARGs-OAP v2.0 software was used to blast the gene catalogue to SARG2 database with default parameters (evalue≤1e-30). According to the blast results and the gene abundance information, the relative abundance of each ARG was calculated.

(2) Based on the abundance table of ARGs, the abundance bar charts, the abundance cluster heatmap and the resistance genes' number difference between groups are displayed. In the same way, the species attribution analysis of resistance genes analysis was also conducted.

2.2.7 Statistical analysis

PCA (R ade4 package, Version 2.15.3) and NMDS (R vegan package, Version 2.15.3) decrease-dimension analysis based on the abundance table of each taxonomic and functional hierarchy were used to compare the taxonomic and functional composition among samples. Then the difference between groups were tested by ANOSIM and Adonis analysis (R vegan package, Version 2.15.3). Wilcoxon (two groups) / Kruskal Wallis (multiple groups) rank sum test and LEfSe analysis were used to find different species or functions at each levels among different groups.

3 Non-Targeted Metabolomics

3.1 Chemicals

Ammonium acetate (NH4AC) was purchased from Sigma Aldrich, Acetonitrile was purchased from Merck, ammonium hydroxide (NH4OH) and methanol were purchased from Fisher.

3.2 Sample Collection and Preparation

Fasting blood samples were collected in 5 mL Vacutainer tubes containing the chelating agent ethylene diamine tetraacetic acid (EDTA), then the samples were centrifuged for 15 min (1500 g, 4 °C). Each aliquot (150 μL) of the plasma sample was stored at –80 °C until LC-MSanalysis. The plasma samples were thawed at 4 °C and 100 μL aliquots were mixed with 400 μL of cold methanol/acetonitrile (1:1, v/v) to remove the protein. The mixture was centrifuged for 20 min (14000g, 4 °C). The supernatant was dried in a vacuum centrifuge. For LC-MS analysis, the samples were re-dissolved in 100 μL acetonitrile/water (1:1, v/v) solvent and centrifuged at 14000 g at 4 ℃ for 15 min, then the supernatant was injected.

3.3 LC-MS/MS Analysis

3.3.1 UHPLC-Q-TOF MS

Analysis was performed using an UHPLC (1290 Infinity LC, Agilent Technologies) coupled to a quadrupole time-of-flight (AB Sciex TripleTOF 6600) in Shanghai Applied Protein Technology Co., Ltd.
For HILIC separation, samples were analyzed using a 2.1 mm × 100 mm ACQUIY UPLC BEH Amide 1.7 µm column (waters, Ireland). In both ESI positive and negative modes, the mobile phase contained A=25 mM ammonium acetate and 25 mM ammonium hydroxide in water and B= acetonitrile. The gradient was 95% B for 0.5 min and was linearly reduced to 65% in 6.5 min, and then was reduced to 40% in 1 min and kept for 1 min, and then increased to 95% in 0.1 min, with a 3 min re-equilibration period employed.
The ESI source conditions were set as follows: Ion Source Gas1 (Gas1) as 60, Ion Source Gas2 (Gas2) as 60, curtain gas (CUR) as 30, source temperature: 600℃, IonSpray Voltage Floating (ISVF) ± 5500 V. In MS only acquisition, the instrument was set to acquire over the m/z range 60-1000 Da, and the accumulation time for TOF MS scan was set at 0.20 s/spectra. In auto MS/MS acquisition, the instrument was set to acquire over the m/z range 25-1000 Da, and the accumulation time for product ion scan was set at 0.05 s/spectra. The product ion scan is acquired using information dependent acquisition (IDA) with high sensitivity mode selected. The parameters were set as follows: the collision energy (CE) was fixed at 35 V with ± 15 eV; declustering potential (DP), 60 V (+) and −60 V (−); exclude isotopes within 4 Da, candidate ions to monitor per cycle: 10.

3.3.2 Data processing

The raw MS data were converted to MzXML files using ProteoWizard MSConvert before importing into freely available XCMS software. For peak picking, the following parameters were used: centWave m/z = 10 ppm, peakwidth = c (10, 60), prefilter = c (10, 100). For peak grouping, bw = 5, mzwid = 0.025, minfrac = 0.5 were used. CAMERA (Collection of Algorithms of MEtabolite pRofile Annotation) was sued for annotation of isotopes and adducts. In the extracted ion features, only the variables having more than 50% of the nonzero measurement values in at least one group were kept. Compound identification of metabolites was performed by comparing of accuracy m/z value (<10 ppm), and MS/MS spectra with an in-house database established with available authentic standards.

3.4 Statistical analysis

After sum-normalization, the processed data were analyzed by R package (ropls), where it was subjected to multivariate data analysis, including Pareto-scaled principal component analysis (PCA) and orthogonal partial least-squares discriminant analysis (OPLS-DA). The 7-fold cross-validation and response permutation testing were used to evaluate the robustness of the model. The variable importance in the projection (VIP) value of each variable in the OPLS-DA model was calculated to indicate its contribution to the classification. Student’s t test was applied to determine the significance of differences between two groups of independent samples. VIP > 1 and p value < 0.05 were used to screen significant changed metabolites. Pearson’s correlation analysis was performed to determine the correlation between two variables.

4 Transcriptomics

4.1 RNA extraction

Total RNA was extracted from the mouse colonic tissue using TRIzol® Reagent according the manufacturer’s instructions (Magen). RNA samples were detected based on the A260/A280 absorbance ratio with a Nanodrop ND-2000 system (Thermo Scientific, USA), and the RIN of RNA was determined by an Agilent Bioanalyzer 4150 system (Agilent Technologies, CA, USA). Only qualified samples will be used for library construction.

4.2 Library preparation and Sequencing

Paired-end libraries were prepared using a ABclonal mRNA-seq Lib Prep Kit (ABclonal, China) following the manufacturer’s instructions. The mRNA was purified from 1 μg total RNA using oligo (dT) magnetic beads followed by fragmentation carried out using divalent cations at elevated temperatures in ABclonal First Strand Synthesis Reaction Buffer. Subsequently, first-strand cDNAs were synthesized with random hexamer primers and Reverse Transcriptase (RNase H) using mRNA fragments as templates, followed by second-strand cDNA synthesis using DNA polymerase I, RNAseH, buffer, and dNTPs. The synthesized double stranded cDNA fragments were then adapter-ligated for preparation of the paired-end library. Adaptor-ligated cDNA were used for PCR amplification. PCR products were purified (AMPure XP system) and library quality was assessed on an Agilent Bioanalyzer 4150 system. Finally, sequencing was performed with an Illumina Novaseq 6000 instrument.

4.3 Data analysis

The data generated from Illumina/BGI platform were used for bioinformatics analysis. All of the analyses were performed using an in-house pipeline from Shanghai Applied Protein Technology. The major software and parameters are as follows.

4.3.1 Quality control

Raw data of fastq format were firstly processed through in-house perl scripts. In this step, remove the adapter sequence and filter out low quality (low quality, the number of lines with a string quality value less than or equal to 25 accounts for more than 60% of the entire reading) and N (N means that the base information cannot be determined) ratio is greater than 5% reads to obtain clean reads that can be used for subsequent analysis.

4.3.2 Mapping

Then clean reads were separately aligned to reference genome with orientation mode using HISAT2 software (http://daehwankimlab.github.io/hisat2/) to obtain mapped reads.

4.3.3 Quantification of gene expression level

FeatureCounts (http://subread.sourceforge.net/) was used to count the reads numbers mapped to each gene. And then FPKM of each gene was calculated based on the length of the gene and reads count mapped to this gene.

4.3.4 Differential expression analysis

Differential expression analysis was performed using the DESeq2 (http://bioconductor.org/packages/release/bioc/html/DESeq2.html) , DEGs with |log2FC|>1 and Padj <0.05 were considered to be significantly different expressed genes.

4.3.5 Enrichment analysis

The GO and KEGG enrichment analysis of differential genes can explain the functional enrichment of differential genes and clarify the differences between samples at the gene function level. We use clusterProfiler R software package for GO function enrichment and KEGG pathway enrichment analysis. When P < 0.05, it is considered that the GO or KEGG function is significantly enriched.

Conventional enrichment analysis based on hypergeometric distribution relies on significantly upregulated or downregulated genes, and is prone to omitting some genes that are not significantly differentially expressed but have important biological significance. Gene enrichment analysis (GSEA) does not require specifying a clear differential gene threshold. All genes are ranked according to the degree of differential expression in the two sets of samples, and then statistical methods are used to test whether the preset gene set is enriched at the top or bottom of the ranking table. GSEA enrichment analysis mainly includes three steps: calculating enrichment score; Estimating the significance level of enrichment scores; Correct multiple hypothesis testing.

4.3.6 PPI analysis

PPI analysis is used to study whether there is interaction between gene products -- proteins. The analysis is based on the protein information corresponding to genes. Based on the STRING database (https://www.string-db.org/) , which known and predicted Protein-Protein Interactions. For the species existing in the database, we construct the networks by extract the target gene list from the database. For species not included in the database, the target gene set sequence is first aligned with the reference sample protein sequence contained in the STRING protein interaction database with blastx, and the protein interaction relationship of the reference species is used to establish an interaction network.

5 4D-Label-Free Proteomics

5.1 Protein extraction and digestion

SDT(4%SDS，100mM Tris-HCl，pH7.6) buffer was used for sample lysis and protein extraction. The amount of protein was quantified with the BCA Protein Assay Kit (Beyotime). 20 µg of protein for each sample were mixed with 5X loading buffer respectively and boiled for 5 min. The proteins were separated on 4%-20% SDS-PAGE gel (constant voltage 180V, 45 min). Protein bands were visualized by Coomassie Blue R-250 staining. Protein digestion by trypsin was performed according to filter-aided sample preparation (FASP) procedure described by Matthias Mann. The digest peptides of each sample were desalted on C18 Cartridges (Empore™ SPE Cartridges C18 (standard density), bed I.D. 7 mm, volume 3 ml, Sigma), concentrated by vacuum centrifugation and reconstituted in 40 µl of 0.1% (v/v) formic acid. 

Filter-aided sample preparation (FASP Digestion) procedure ： DTT (with the final concentration of 40 mM) was added to each sample respectively and mixed at 600 rpm for 1.5 h (37℃). After the samples cooled to room temperature, IAA was added with the final concentration of 20 mM into the mixture to block reduced cysteine residues and the samples were incubated for 30 min in darkness. Next, the samples were transferred to the filters respectively. The filters were washed with 100 μl UA buffer three times and then 100 μl 25mM NH4HCO3 buffer twice. Finally, trypsin was added to the samples(the trypsin : protein (wt/wt) ratio was 1:50) and incubated at 37℃ for 15-18 h (overnight), and the resulting peptides were collected as a filtrate. The peptides of each sample were desalted on C18 Cartridges (Empore™ SPE Cartridges C18 (standard density), bed I.D. 7 mm, volume 3 ml, Sigma), concentrated by vacuum centrifugation and reconstituted in 40 µl of 0.1% (v/v) formic acid. The peptide content was estimated by UV light spectral density at 280 nm using an extinctions coefficient of 1.1 of 0.1% (g/l) solution that was calculated on the basis of the frequency of tryptophan and tyrosine in vertebrate proteins. 

5.2 LC-MS/MS analysis

LC-MS/MS analysis was performed on a timsTOF Pro mass spectrometry (Bruker) that was coupled to Evosep One system liquid chromatography (Denmark). The peptides were loaded onto a C18-reversed phase analytical column (15 cm long, 150 μm inner diameter, 1.9μm resin) in buffer A (0.1% Formic acid in water) and separated with a linear gradient of buffer B (99.9% acetonitrile and 0.1% Formic acid) at a flow rate of 220 nL/min. The mass spectrometer was operated in positive ion mode. The electrospray voltage applied was 1.6 kV. Precursors and fragments were analyzed at the TOF detector over a mass range of m/z 100-1700. The timsTOF Pro was operated in parallel accumulation serial fragmentation (PASEF) mode, PASEF mode data collection was performed based on the following parameters: Ion mobility coefficient (1/K0) value.

5.3 Identification and quantitation of proteins

The MS raw data for each sample were combined and searched using the MaxQuant 1.6.14 software for identification and quantitation analysis. Related parameters and instructions are as follows: was set from 0.75 to 1.35 Vs cm2; 1 MS and 8 MS/MS PASEF scans. Active exclusion was enabled with a release time of 24s.

5.4 Bioinformatic analysis

5.4.1 Cluster analysis of phosphorylated peptides

Cluster 3.0 (http://bonsai.hgc.jp/~mdehoon/software/cluster/software.htm) and Java Treeview software (http://jtreeview.sourceforge.net) were used to performing hierarchical clustering analysis. Euclidean distance algorithm for similarity measure and average linkage clustering algorithm (clustering uses the centroids of the observations) for clustering were selected when performing hierarchical clustering. A heat map was often presented as a visual aid in addition to the dendrogram.

5.4.2 Motif analysis

The motifs were analyzed by MeMe (http://meme-suite.org/index.htm). We extracted the amino acid sequences contain the modified site and six upstream/downstream amino acids from the modified site (13 amino acid sites in total). These sequences were used to predicted motifs in this study (parameters: width：13, occurrences:20, background: species).

5.4.3 Subcellular localization

CELLO (http://cello.life.nctu.edu.tw/) which is a multi-class SVM classification system, was used to predict protein subcellular localization. 

5.4.4 Domain annotation

Protein sequences are searched using the InterProScan software to identify protein domain signatures from the InterPro member database Pfam. 

5.4.5 GO annotation

The protein sequences of the selected differentially expressed proteins were locally searched using the NCBI BLAST+ client software (ncbi-blast-2.2.28+-win32.exe) and InterProScan to find homologue sequences, then GO terms were mapped and sequences were annotated using the software program Blast2GO. The GO annotation results were plotted by R scripts.

5.4.6 KEGG annotation

Following annotation steps, the studied proteins were blasted against the online KEGG database (https://www.genome.jp/kegg/) to retrieve their KEGG orthology identifications and were subsequently mapped to pathways in KEGG. 

5.4.7 Enrichment analysis 

Enrichment analysis were applied based on the Fisher’ exact test, considering the whole quantified proteins as background dataset. Benjamini- Hochberg correction for multiple testing was further applied to adjust derived p-values. And only functional categories and pathways with p-values under a threshold of 0.05 were considered as significant.

5.4.8 Protein-protein interaction analysis

The protein–protein interaction (PPI) information of the studied proteins was retrieved from STRING software (http://string-db.org/) by their gene symbols. The results were downloaded in the XGMML format and imported into Cytoscape software (http://www.cytoscape.org/, version 3.2.1) to visualize and further analyze functional protein-protein interaction networks. Furthermore, the degree of each protein was calculated to evaluate the importance of the protein in the PPI network.

5.4.9 PCA

After normalized to total peak intensity, the processed data were uploaded into before importing into SIMCA-P (version 14.1, Umetrics, Umea, Sweden), where it was subjected to multivariate data analysis, including Pareto-scaled principal component analysis (PCA).

_1234567890.unknown

