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Extended methodology for nanoLC-nanoESI-MS/MS proteomic analysis for liver tissue 
Hepatic protein extraction. Liver tissue (~30 mg) from each mouse were lysed and homogenized in lysis 
buffer (4% SDS, 100 mM DTT, 100 mM Tris pH 7.5, phosphatase inhibitors cocktail 2 and 3, and protease 
inhibitor cOmplete® at manufacturer suggested ratios) by the mechanical disruption of TissueLyzer for 10 

minutes (50 Hz). The lysed tissue samples were centrifuged at 16,000 ×g for 10 minutes at 4°C, and the 
supernatant was collected for protein precipitation. Protein lysates were precipitated using acidified 
acetone/ethanol (5-fold volume, 50:50 (v/v), with 0.1% acetic acid) at -20 °C for overnight. Proteins were spun 

down by centrifugation at 16,000 ×g for 10 min at 4 °C, and washed with ice-cold acetone for three times. The 
protein pellets were then re-suspended in 6 M urea in 50 mM ammonium bicarbonate (pH 8.0) and measured 
for concentration by BCA.  
Protein digestion. The proteins were sequentially reduced and alkylated by dithiothreitol (10 mM) and 
iodoacetamide (40 mM) for 1 hr at 37 °C, and then the alkylation was quenched by adding dithiothreitol for 15 
min at 37°C. The protein solution was further diluted with 50 mM ABC to reduce urea concentration (<1 M) 
before digestion by trypsin (1:100 enzyme:protein ratio) in the present of 1 mM CaCl2 at 37 °C with gentle 
shaking for overnight. Finally, the digestion was terminated by acidifying with formic acid (FA) before solid-
phase extraction (SPE) desalting clean-up.1,2 The desalted peptides were dried in vacuum and reconstituted with 
0.1% FA for peptide concentration measurement (NanoDrop UV-Vis spectrophotometer, A205 (scope mode), 
Thermo Fisher Scientific) before mass spectrometry analysis. 
Instrumental analysis. The LC-MS/MS analysis was performed using an UltiMate 3000 RSLCnano system 
coupled to a Q Exactive HF Orbitrap mass spectrometer through an EASY-Spray ion source (Thermo Fisher 
Scientific). A binary solvent system (solvent A: 0.1% FA in water; solvent B: 0.1% FA in acetonitrile) was used 
for peptide separation at a flow rate of 250 nL/min. Peptides (0.5 μg/μL, 6 μL) were separated on a PepMap C18 
analytical column (2 μm particle, 50 cm × 75 μm i.d., Thermo Fisher Scientific). LC separation was performed 
using the following gradient: held at 2% B for 4 min, from 2% to 40% B in 89 min, 40% to 95% B in 0.1% min, 
held at 95% B for 10 min, 95% to 2% B in 0.1 min, and held at 2% B for 17 min for re-equilibrating column. 
MS and MS/MS spectra were acquired in profile mode using a data-dependent top-15 method and resolution for 
full MS scan (350 to 1,650 m/z) was set to 60,000 at m/z 200 with maximum fill time of 50 ms. Precursors were 
isolated with a window of 1.4 m/z and fragmented with higher-energy collisional dissociation (HCD, 
normalized collision energy of 27). Resolution for MS/MS spectrum was set to 30,000 at m/z 200 with 
maximum full time of 50 ms. The AGC (automatic gain control) targets for MS and MS/MS scans were 1×106  
and 2×105, respectively. Precursor ions with unassigned, single, seven and higher charge states were excluded 
from fragmentation, and dynamic exclusion time was set to 20 s with peptide match function enabled. 
Data processing for proteome. The LC-MS/MS raw files were analyzed using MaxQuant software version 
2.3.1.0, and searched against Swiss-Prot mouse protein database (86,376 protein entries, downloaded on 
06/26/2017) using the built-in Andromeda search engine.3 Specific Trypsin/P was selected as the enzyme. 



 4 

Cysteine carbamidomethylation was set as fixed modifications. Methionine oxidation and acetyl protein N-
termini were set as variable modifications. False discovery rate (FDR) was set at 1% for protein and peptide 
level identification using a decoy database. Both unique and razor peptides were used for label free protein 
quantification. Other parameters were used as default settings for Orbitrap-type data. The search results (LFQ 
intensity) in proteinGroups.txt generated by MaxQuant were processed in Perseus software version 2.0.9.0.4 
Identified protein was represented as protein group in the database search output when the search algorithm 
identified a cluster of proteins with high sequence similarity or protein isoforms, which cannot be further 
differentiated on the basis of shared peptides. The potential contaminants, reverse hits and proteins only 
identified by modification site were excluded from the final identification list before further statistical analyses. 
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Extended methodology for serum LC-MS(/MS) metabolomic analysis 
Sample preparation. Serum samples from each mouse were thawed and 20 μL was consumed to extract 
metabolites for each mice. Metabolite extraction was facilitated by adding 180 μL methanol containing stable 
isotope-labeled chemicals ([D5]-glutamine, [D2]-𝛾-aminobutyric acid, [D3]-tryptophan, [D2]-indole-3-propionic 
acid, [D2]-indole-3-acetic acid, [D13]-acetylcholine in 500 nM; [D4]-serotonin in 250 nM; and [D4]-kynurenic 
acid in 50 nM), and incubated under -20°C for 1 hr, followed by centrifugation under 15,000 ×g, 4°C for 10 
minutes to collect the supernatant (150 μL). The supernatant was dried by SpeedVac® and reconstituted with 
100 μL 2% acetonitrile in water.  

Instrumental analysis. The LC-MS analysis was facilitated by a Thermo Fisher Scientific Vanquish UHPLC 
coupled to a Q Exactive mass spectrometer connected by a heated electrospray ionization (HESI) source, and 
the method applied was previously reported 5-7. The serum analytes were injected (10 μL) into a Waters Acquity 
UPLC HSS T3 (reverse phase C18, 100 Å, 1.8 μm, 2.1 mm × 100 mm) analytical column controlled at 40 °C, 
with the mobile phase composed of water (A) and acetonitrile (B) both added with 0.1% formic acid at a flow 
rate of 0.4 mL/min. The 15-min-gradient for chromatographic separation was set as the following: 2% B from 
0-1 min; 2%-15% B from 1-3 min; 15%-50% B from 3-6 min; 50%-98% B from 6-7.5 min; 98% B held from 
7.5-11.5 min; 98%-2% B from 11.5-11.6 min; and 2% B held from 11.6-15 min for a final re-equilibration. The 
mass spectrometry was set to scan under the positive mode with the sheath gas, auxiliary gas, and sweep gas set 
to flow rates of 50, 13, and 3 psi, respectively. With the spray voltage set to 3.5 kV, the capillary and auxiliary 
gas heating temperature were respectively controlled to 263°C and 425°C to fully scan across m/z 70 to 1,000. 
The resolution was set to 70,000 FWHM (m/z 200). The automatic gain control (AGC) and the maximal 
injection time (MIT) was set to 2×105 and 50 msec, respectively. Routine mass calibrations were conducted 
before and after the sample analysis. The samples were blocked-randomized for the injection order. Quality 
control samples for the serum analytes were prepared by pooling the aliquots of each sample. Method blank 
samples were prepared for the serum samples by surrogating the biospecimen with water and following the 
same experimental procedures. If MS/MS spectrums were to be collected, the parallel reaction monitoring 
(PRM) mode was used, with the isolation width, AGC, and MIT set to 1.2, 3×105 and 100 msec, respectively, at 
the resolution of 17,500 FWHM (m/z 200). The quality and performance of the LC-MS analysis was assessed 
and ensured by monitoring the distribution of metabolite signal among samples (Figure S3) fluctuation of 
retention time and signal area of the spiked internal standards (Figure S4). 
Data processing for LC-MS analysis. Data obtained from the LC-MS analyses were converted and centroided 
to mzXML files with ProteoWizard ver 3. The data processing of the fecal and serum metabolomic profiles of 
the samples were respectively composed of two stages: feature identification and compound characterization. 
For feature annotation, XCMS (ver 3.16.1) was used in coordination of the IPO package (ver 1.20.0) to 
optimize parameters, which the methods were referenced in past studies 8-12. The data from the quality control 
samples were used to optimize the parameters in the algorithms of XCMS, including feature detection 
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(centWave), retention time adjustment (obiwarp), and correspondence (density), using the IPO package. Then, 
all LC-MS data were processed with XCMS, optimized in parameters, to obtain a list of molecular features with 
distinct m/z-RT signatures, and only features detected in 50% of the vehicle control, low-dose, or high-dose 
group were kept for subsequent analysis. Missing values in the measurement matrix were imputated with the 
random forest algorithm by the missForest package (ver.1.4) as suggested in previous comparison studies 13-15. 
The features were further analyzed for the pattern and coherence of isotopes and adducts, and matched with our 
in-house LC-MS library by Compound Discoverer ver 3.3 (Thermo Fisher Scientific). Our in-house library was 
built by testing authenticated standards of 734 common metabolites, and the criteria for a reliable match was a 
difference lower than 30 seconds and 5 ppm in retention time and accurate mass, respectively. Feature-wise 
student t test and F test after log-transforming the data were applied for the differential analysis between Fxr-/- 
and wild-type (WT) mice, and the p-values were adjusted by the Benjamin-Hochberg method (q-values). The 
(strict) criteria to determine significant difference between the Fxr-/- and wild-type (WT) mice in serum 
metabolites were 1.5-fold-change in either directions and q < 0.05.  
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Figure S1. FXR knockout (FXRKO) mice developed lower body weight in general compared to wild-type 
(WT) mice. (A) Body weight for FXRKO mice. (B) Body weight for WT mice.  
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Figure S2. Blood glucose level throughout glucose tolerance test for the second stage of animal experiments. 
(A) Blood glucose dynamics of the mice in Groups A (Clean water, no GW4064 supplement, grey), B (Water 
with arsenic, no GW4064 supplement, orchid), and C (Water with arsenic, with GW4064 supplement, green). * 
p < 0.05, ** p < 0.01, *** p < 0.001 in the Student t test. 
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Figure S3. Signal distribution of the label-free quantitation of the hepatic proteome by nanoLC-nanoESI-
MS/MS for the four groups of mice in the second stage of animal experiments.  
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Figure S4. Signal distribution of the nontargeted serum metabolomic by LC-MS for the four groups of mice in 
the second stage of animal experiments.  
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Figure S5. Signal areas of the stable isotope-labeled standards spiked in each sample. Most of spiked standards 
showed high consistency in signal areas. The signal areas of [d5]-glutamine and [d13]-acetylcholine had higher 
variation due to its very high hydrophilicity (~ 0.6 and 0.7 minutes in retention time, respectively). Ach: 
acetylcholine, IAA: indole-3-acetate, Trp: tryptophan, Kyn: kynurenine, GABA: 𝛾-aminobutyric acid, IPA: 
indole-3-propionate, 5HT: serotonin, Gln: glutamine.  
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