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Activate Bcat1 to increase branched-chain amino acids metabolism to promote intrahepatic cholangiocarcinoma migration and invasion via PI3K-AKT-mTOR
S1. Supplementary materials and methods
1）Untargeted LC-MS based metabolomics methods
The liver tissue was kept at -80℃ until the extraction process. On the day of extraction, 500 μL of extraction solvent containing 7:3 HPLC-grade methanol: ultrapure water (pre-cooled to 4℃) was added to 20 mg of liver tissue. After grinding, the mixture was centrifuged at the maximum speed for 20 minutes and this centrifugation was repeated twice. The supernatant was transferred to an autosampler vial. In addition, 10 μL was extracted from each sample and mixed to obtain a quality control (QC) sample. 2 μL of internal standard at 10 mg/L was added to a 200 μL sample.
The instrument conditions (Orbitrap Exploris™ 120 mass spectrometer, Thermo Scientific, USA) were as follows: 1) Mass spectrometry conditions: The ion source was H-ESI, and multi-component simultaneous acquisition was carried out using positive and negative ion scanning modes. The specific parameters were as follows: positive ion voltage of 3500 V, negative ion voltage of 2500 V, sheath gas: 50 arb, auxiliary gas: 13 arb, ion source temperature: 300 °C, and nebulizer temperature: 425 °C. 2) Chromatography system: The chromatographic column was Waters BEH C18 (100 mm × 2.1 mm, 1.7 μm), the column temperature was 40 °C, and the injection volume was 10 μL. The mobile phase A was (0.1% formic acid - aqueous solution), and the mobile phase B was (acetonitrile). The flow rate was 0.4mL/min. The gradient elution process of the mobile phase is shown in Table S4.
Table S4 gradient elution process with mobile phase
	
	Retention time (min)
	Flow rate (mL/min)
	%A (Water/0.1%Formic Acid)
	%B (Acetonitrile)

	1
	0.000
	0.400
	1.0
	99.0

	2
	3.000
	0.400
	1.0
	99.0

	3
	10.000
	0.400
	99.0
	1.0

	4
	15.000
	0.400
	99.0
	1.0

	5
	15.000
	0.400
	1.0
	99.0

	6
	17.000
	0.400
	1.0
	99.0


The raw data was converted using MSConvert. Data was processed with background subtraction, baseline correction and deconvolution via XCMSOnline. Statistical analyses like OPLS-DA were done using Simca14.0 to get the Variable Importance in the Projection (VIP). Differential metabolites with VIP≥1, RSD<30%, and FDR q value<0.05 were screened, compared with the HMDB, and annotated via MetaboAnalyst4.0 and the KEGG database.
2）Targeted LC-MS based metabolomics methods
Prepare standard stock solutions. Dissolve the standards separately in formic acid:water (V:V = 99:1) solution to obtain stock solutions at a concentration of 1 mg/mL. Pipette 50 μL of each standard stock solution into a vial for injection. Add formic acid:water (V:V = 99:1) solution to a final volume of 1 mL. After vortex mixing, a mixed standard stock solution at a concentration of 50 mg/L is obtained. Subsequently, dilute the 50 mg/L mixed standard stock solution with formic acid solution to different concentrations of working solutions. During this process, add 2 μL of internal standard at a concentration of 10 mg/L to 200 μL of each working solution for quality control. The prepared working solutions are used to plot the standard working curve.
After removing the supernatant of the cultured cells, the cells were washed twice with phosphate-buffered saline (PBS) (Bio-Channel, Nanjing, China). The cells were then scraped off and centrifuged at 1000 r/min for 5 minutes. After centrifugation, the supernatant was removed, and the cell pellet was placed in liquid nitrogen to halt enzymatic degradation. 200 μL of extraction solvent containing 7:3 HPLC-grade methanol was added to the cell pellet. After grinding, the mixture was centrifuged, and the supernatant was collected for analysis.
[bookmark: OLE_LINK3]The instrument conditions were as described above. The raw data were imported into the Xcalibur quantitative software. The ion fragments were automatically identified and integrated using the default parameters, with manual inspection as an auxiliary measure. A linear regression calibration curve was plotted with the mass concentration of the analyte as the x-axis and the mass spectrometry peak area of the analyte as the y-axis (Table S5). For sample concentration calculation, the mass spectrometry peak area of the analyte in the sample was substituted into the linear equation to obtain the concentration result.
Table S5 Standard curve of branched-chain amino acids for targeted detection
	Amino acid types
	Standard curve
	R^2

	Leu
	Y=0.0599197+0.000648639*X
	R^2=0.9906

	Ile
	Y=0.0130056+0.000343416*X
	R^2=0.9975

	Val
	Y=4.91554+0.00172358*X
	R^2=0.9996

	KIC
	Y = -0.134255+0.0135043*X  
	R^2 = 0.9949

	KMV
	Y = -0.0785632+0.009861*X  
	R^2 = 0.9971

	KIV
	Y = 0.0123612+0.000966416*X 
	R^2 = 0.9994



S2. Primer Sequences
Table S1 Forward and reverse sequences of primers used in gene expression analysis of HuCCT1.
	Gene
	Sequence (5’ to 3’)
	Length
	Tm (℃)

	BCAT1-F
	AGCCCTGCTCTTTGTACTCTT
	21
	55.8

	BCAT1-R
	CCAGGCTCTTACATACTTGGGA
	22
	55.9

	SLC7A5-F
	GGAAGGGTGATGTGTCCAATC
	21
	55.5

	SLC7A5-R
	TAATGCCAGCACAATGTTCCC
	21
	56.0

	BCKDHB-F
	GATTTGGAATCGGAATTGCGG
	21
	55.2

	BCKDHB-R
	CAGAGCGATAGCGATACTTGG
	21
	55.3

	PI3KCA-F
	AGTAGGCAACCGTGAAGAAAAG
	22
	55.6

	PI3KCA-R
	GAGGTGAATTGAGGTCCCTAAGA
	23
	55.7

	AKT1-F
	TCCTCCTCAAGAATGATGGCA
	21
	55.5

	AKT1-R
	GTGCGTTCGATGACAGTGGT
	20
	58

	JAK2-F
	TCTGGGGAGTATGTTGCAGAA
	21
	55.5

	JAK2-R
	AGACATGGTTGGGTGGATACC
	21
	56.2

	mTOR-F
	TCAGCCTGTCAGAATCCAAGTC
	22
	56.7

	mTOR-R
	TTGAAGATGAAGGTGATGGCC
	21
	55.1

	β-actin-F
	CATGTACGTTGCTATCCAGGC
	21
	56

	β-actin-R
	CTCCTTAATGTCACGCACGAT
	21
	55.4



Table S2 Sequences of the siRNAs used for BCAT1 knockdown in HuCCT1.
	
	Primer sequences (5´ to 3´)

	siRNA1- BCAT1
	UUACAUACUUGGGAUUGGCCC

	siRNA2- BCAT1
	UAUGAGGUUUCUCCCAUCCAA



Table S3 Forward and reverse sequences of primers used in gene expression analysis of ICC mouse
	Gene
	Sequence (5’ to 3’)
	Length
	Tm (℃)

	Bcat1-F
	TCGGGGAGTTGATAACAAGATCC
	23
	56.4

	Bcat1-R
	GGTCCTCACAGCAGATCGG
	19
	57

	Slc7a5-F
	ATATCACGCTGCTCAACGGTG
	21
	58

	Slc7a5-R
	GCCGCCTGACTTGGAGATG
	19
	58

	Bckdhb-F
	GGTAATACCCCGAAGCCCTT
	20
	55

	Bckdhb-R
	AGGGTTCTACTGGGACCTGT
	20
	55

	Pi3kca-F
	CCACGACCATCTTCGGGTG
	19
	57.7

	Pi3kca-R
	ACGGAGGCATTCTAAAGTCACTA
	23
	55.7

	Akt1-F
	ATGAACGACGTAGCCATTGTG
	21
	55.9

	Akt1-R
	TTGTAGCCAATAAAGGTGCCAT
	22
	54.9

	Jak2-F
	CTTGTGGTATTACGCCTGTGT
	21
	55.2

	Jak2-R
	TGCCTGGTTGACTCGTCTATG
	21
	56.6

	mTOR-F
	ACCGGCACACATTTGAAGAAG
	21
	60.1

	mTOR-R
	CTCGTTGAGGATCAGCAAGG
	20
	58

	Gadph-F
	CAAGGTCATCCATGACAACTTTG
	23
	54.8

	Gadph-R
	GGCCATCCACAGTCTTCTGG
	20
	57.4



S3. Supplementary figure
Fig.S1 Construction of weighted gene co-expression network. (A-B) Sample clustering was conducted to detect outliers. All samples are located in the clusters and pass the cutoff thresholds. (C) Soft-thresholding power analysis was used to obtain the scale-free fit index of network topology. (D) Immunohistochemical results of N-cadherin in the liver. (E) Quantitative analysis of liver immunohistochemistry. (F) The mRNA expression of Pi3kca, Akt1, Mtor and Jak2 in cell with supplement BCAAs. (G) mRNA expression of Pi3kca, Akt1, mTOR, Jak2 in the mouse liver. (H) mRNA expression of Pi3kca, mTOR, Jak2 in the HuCCT1 cell. Data are presented as mean ± SEM, compared to the control group. * p<0.05, ** p<0.01, *** p<0.001, vs. healthy control.
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