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Supplementary Table
Table S1. Mean values of each of 90 metabolites, P-value, and VIP score in plasma from 4w and 7w AS model mice.
	No.
	Metabolite
	Concentration
(ng/μL, Mean ± SD)
	Normalized
valuea
	P-valueb
	VIP scorec

	
	
	4w
(WT)
	4w
(AS)
	7w
(WT)
	7w
(AS)
	4w
(WT vs
AS)
	7w
(WT vs
AS)
	4w
(WT vs
AS)
	7w
(WT vs
AS)
	4w
(WT vs
AS)
	7w
(WT vs
AS)

	Organic acid

	1
	Pyruvic acid
	13.0 ± 3.9
	23.3 ± 6.7
	7.6 ± 5.9
	6.3 ± 2.0
	1.79
	0.83
	0.019
	1.000
	2.01
	0.27

	2
	Acetoacetic acid
	94.9 ± 106.7
	25.8 ± 22.1
	5.8 ± 5.0
	4.7 ± 4.5
	0.27
	0.81
	0.513
	0.393
	0.63
	0.92

	3
	Lactic acid
	340.8 ± 73.6
	399.9 ± 80.8
	174.9 ± 39.7
	232.6 ± 71.5
	1.17
	1.33
	0.310
	0.075
	0.99
	1.19

	4
	Glycolic acid
	103.1 ± 44.7
	131.8 ± 39.3
	146.8 ± 56.0
	157.2 ± 42.4
	1.28
	1.07
	0.310
	1.000
	0.95
	0.51

	5
	2-Hydroxybutyric acid
	2.4 ± 1.5
	1.9 ± 1.1
	0.83 ± 0.10
	1.7 ± 0.8
	0.77
	2.08
	0.513
	0.00049
	0.57
	1.87

	6
	3-Hydroxypropionic acid
	10.3 ± 4.0
	16.4 ± 4.5
	4.9 ± 1.1
	4.4 ± 1.4
	1.60
	0.88
	0.028
	0.684
	1.62
	0.68

	7
	3-Hydroxybutyric acid
	43.8 ± 32.4
	21.8 ± 13.2
	10.9 ± 3.6
	66.2 ± 75.3
	0.50
	6.05
	0.440
	0.0052
	0.47
	1.65

	8
	Malonic acid
	0.46 ± 0.14
	0.34 ± 0.09
	0.58 ± 0.53
	0.96 ± 0.68
	0.74
	1.66
	0.129
	0.029
	1.04
	1.29

	9
	Succinic acid
	4.7 ± 1.5
	4.2 ± 0.9
	2.7 ± 0.7
	3.9 ± 2.1
	0.89
	1.42
	0.679
	0.143
	0.47
	1.02

	10
	Fumaric acid
	0.82 ± 0.40
	0.57 ± 0.08
	0.38 ± 0.08
	0.44 ± 0.16
	0.70
	1.15
	0.165
	0.123
	1.04
	0.25

	11
	Oxaloacetic acid
	18.9 ± 6.0
	19.2 ± 4.5
	16.6 ± 1.6
	14.6 ± 1.2
	1.02
	0.88
	1.000
	0.0068
	0.22
	1.60

	12
	α-Ketoglutaric acid
	4.3 ± 1.4
	4.1 ± 0.6
	2.3 ± 0.7
	2.3 ± 0.6
	0.97
	1.02
	0.679
	0.912
	0.12
	0.17

	13
	4-Hydroxyphenylacetic acid
	0.059 ± 0.028
	0.087 ± 0.066
	0.026 ± 0.010
	0.037 ± 0.014
	1.49
	1.41
	0.440
	0.089
	0.81
	1.06

	14
	Malic acid
	2.3 ± 1.0
	1.9 ± 0.2
	2.6 ± 0.7
	3.5 ± 1.3
	0.84
	1.34
	0.859
	0.143
	0.43
	1.12

	15
	2-Hydroxyglutaric acid
	1.3 ± 0.5
	1.5 ± 0.5
	10.9 ± 1.7
	8.8 ± 2.5
	1.11
	0.81
	0.768
	0.043
	0.47
	1.25

	16
	cis-Aconitic acid
	0.58 ± 0.23
	0.42 ± 0.11
	0.13 ± 0.05
	0.19 ± 0.15
	0.72
	1.52
	0.310
	0.684
	1.01
	0.49

	17
	4-Hydroxyphenyllactic acid
	0.17 ± 0.09
	0.12 ± 0.03
	0.18 ± 0.03
	0.21 ± 0.05
	0.72
	1.20
	0.440
	0.165
	0.80
	1.00

	18
	Citric acid
	5.2 ± 3.6
	6.9 ± 3.2
	3.4 ± 1.3
	5.8 ± 2.7
	1.33
	1.72
	0.165
	0.075
	0.94
	0.45

	19
	Isocitric acid
	0.82 ± 0.43
	0.92 ± 0.44
	0.78 ± 0.23
	0.88 ± 0.29
	1.12
	1.13
	0.440
	0.353
	0.44
	0.38

	Fatty acid

	20
	Lauric acid
	0.97 ± 0.71
	1.1 ± 0.9
	0.35 ± 0.22
	0.36 ± 0.18
	1.16
	1.03
	0.859
	0.571
	0.51
	0.56

	21
	Myristoleic acid
	0.22 ± 0.13
	0.18 ± 0.12
	0.054 ± 0.032
	0.079 ± 0.057
	0.83
	1.48
	0.768
	0.579
	0.30
	0.40

	22
	Myristic acid
	3.7 ± 2.0
	3.7 ± 2.7
	1.4 ± 0.58
	1.5 ± 0.8
	0.99
	1.08
	0.953
	1.000
	0.11
	0.01

	23
	Palmitoleic acid
	7.6 ± 3.2
	6.3 ± 2.5
	5.5 ± 3.4
	6.3 ± 3.5
	0.82
	1.14
	0.513
	0.739
	0.49
	0.27

	24
	Palmitic acid
	155.7 ± 22.1
	183.0 ± 9.0
	147.7 ± 12.9
	191.0 ± 42.3
	1.17
	1.29
	0.00067
	0.019
	1.52
	1.56

	25
	γ-Linolenic acid
	2.5 ± 1.5
	2.7 ± 1.1
	0.97 ± 0.23
	1.5 ± 0.7
	1.07
	1.57
	0.859
	0.089
	0.43
	1.16

	26
	Linoleic acid
	178.3 ± 30.5
	197.0 ± 26.5
	108.0 ± 14.6
	120.3 ± 21.4
	1.10
	1.11
	0.440
	0.190
	0.83
	0.83

	27
	Oleic acid
	38.7 ± 6.0
	40.0 ± 3.2
	23.7 ± 5.5
	28.3 ± 6.0
	1.04
	1.20
	1.000
	0.075
	0.44
	1.01

	28
	α-Linolenic acid
	2.4 ± 0.75
	2.0 ± 0.6
	2.0 ± 0.7
	2.7 ± 1.1
	0.85
	1.35
	0.440
	0.218
	0.75
	0.84

	29
	Stearic acid
	50.2 ± 10.4
	64.2 ± 5.4
	48.3 ± 4.3
	54.1 ± 7.2
	1.28
	1.12
	0.0080
	0.063
	1.51
	1.18

	30
	Arachidonic acid
	135.9 ± 29.2
	151.7 ± 38.2
	75.8 ± 16.8
	88.1 ± 18.7
	1.12
	1.16
	0.371
	0.218
	0.54
	0.85

	31
	Gondoic acid
	0.79 ± 0.17
	0.83 ± 0.16
	1.0 ± 0.3
	0.97 ± 0.26
	1.05
	0.97
	0.679
	0.796
	0.38
	0.15

	32
	Arachidic acid
	0.41 ± 0.16
	0.45 ± 0.05
	0.65 ± 0.15
	0.39 ± 0.27
	1.09
	0.60
	0.099
	0.0021
	0.73
	1.75

	33
	Docosahexaenoic acid
	39.6 ± 8.8
	50.4 ± 10.4
	1.9 ± 0.4
	2.3 ± 0.5
	1.27
	1.24
	0.165
	0.043
	1.29
	1.17

	34
	Docosapentaenoic acid
	2.0 ± 0.5
	2.6 ± 0.3
	1.5 ± 0.3
	1.7 ± 0.5
	1.26
	1.14
	0.040
	0.393
	1.38
	0.47

	35
	Adrenic acid
	23.5 ± 5.8
	30.8 ± 3.6
	11.2 ± 2.1
	10.8 ± 1.8
	1.31
	0.96
	0.028
	0.853
	1.55
	0.27

	36
	Erucic acid
	1.4 ± 0.6
	1.4 ± 0.56
	1.9 ± 0.3
	1.3 ± 0.18
	1.03
	0.67
	1.000
	0.000076
	0.26
	2.13

	37
	Behenic acid
	0.16 ± 0.08
	0.17 ± 0.05
	0.26 ± 0.03
	0.18 ± 0.03
	1.07
	0.69
	0.206
	0.00021
	0.41
	2.08

	Amino acid

	38
	Tryptophan
	70.0 ± 30.0
	93.6 ± 6.4
	14.4 ± 4.6
	12.1 ± 3.2
	1.34
	0.84
	0.040
	0.315
	1.45
	0.71

	39
	Phenylalanine
	33.7 ± 6.6
	31.6 ± 6.9
	11.2 ± 4.2
	12.0 ± 3.3
	0.94
	1.07
	0.513
	0.529
	0.49
	0.38

	40
	Tyrosine
	57.5 ± 20.6
	55.3 ± 16.3
	24.6 ± 8.1
	22.9 ± 6.7
	0.96
	0.93
	0.859
	0.912
	0.04
	0.27

	41
	Leucine
	221.7 ± 37.4
	240.8 ± 44.4
	11.7 ± 3.6
	13.3 ± 3.9
	1.09
	1.14
	0.440
	0.190
	0.63
	0.51

	42
	Isoleucine
	146.2 ± 37.3
	168.0 ± 29.3
	8.0 ± 2.7
	9.9 ± 2.5
	1.15
	1.24
	0.165
	0.089
	0.96
	1.05

	43
	Methionine
	25.6 ± 4.9
	26.6 ± 6.7
	9.2 ± 2.8
	10.7 ± 4.0
	1.04
	1.16
	1.000
	0.481
	0.18
	0.56

	44
	Valine
	67.7 ± 17.0
	86.7 ± 24.3
	20.7 ± 5.9
	20.6 ± 5.5
	1.28
	0.99
	0.099
	0.853
	1.29
	0.05

	45
	Pipecolic acid
	0.98 ± 0.25
	1.2 ± 0.3
	0.57 ± 0.24
	1.2 ± 0.57
	1.24
	2.10
	0.206
	0.0068
	1.14
	1.69

	46
	α-Aminoadipic acid
	2.3 ± 1.3
	2.7 ± 1.2
	0.59 ± 0.15
	0.70 ± 0.20
	1.17
	1.18
	0.310
	0.218
	0.62
	0.75

	47
	GSH
	16.0 ± 12.5
	17.3 ± 4.5
	1.4 ± 0.6
	1.2 ± 1.6
	1.08
	0.89
	0.129
	0.075
	0.67
	0.96

	48
	Glutamic acid
	19.6 ± 13.2
	18.7 ± 2.7
	6.4 ± 2.7
	8.9 ± 2.5
	0.95
	1.40
	0.440
	0.043
	0.30
	1.29

	49
	α-Aminobutyric acid
	4.2 ± 2.7
	2.1 ± 1.0
	0.43 ± 0.15
	0.63 ± 0.30
	0.49
	1.49
	0.310
	0.190
	0.94
	0.93

	50
	Proline
	19.8 ± 5.1
	22.1 ± 5.3
	10.7 ± 4.2
	11.0 ± 2.6
	1.11
	1.03
	0.594
	0.739
	0.63
	0.33

	51
	Threonine
	40.6 ± 12.3
	46.5 ± 6.0
	12.9 ± 4.0
	15.2 ± 4.6
	1.15
	1.18
	0.371
	0.353
	0.88
	0.71

	52
	Hydroxyproline
	9.0 ± 4.0
	8.2 ± 1.8
	2.9 ± 0.9
	3.3 ± 0.6
	0.91
	1.14
	0.953
	0.247
	0.08
	0.83

	53
	Alanine
	136.3 ± 64.0
	164.9 ± 48.8
	41.5 ± 24.9
	35.1 ± 15.2
	1.21
	0.85
	0.371
	0.481
	0.83
	0.41

	54
	Aspartic acid
	3.4 ± 2.9
	2.6 ± 0.5
	1.8 ± 1.4
	0.93 ± 0.96
	0.77
	0.51
	0.859
	0.0089
	0.34
	1.37

	55
	Serine
	21.3 ± 9.9
	25.3 ± 5.0
	10.4 ± 3.1
	9.4 ± 1.7
	1.19
	0.90
	0.254
	0.631
	0.90
	0.52

	56
	Creatinine
	0.81 ± 0.54
	0.38 ± 0.15
	0.86 ± 0.19
	1.3 ± 0.4
	0.47
	1.49
	0.028
	0.0021
	0.67
	1.70

	57
	Glutamine
	125.6 ± 41.2
	150.5 ± 11.7
	311.7 ± 51.1
	300.8 ± 43.1
	1.20
	0.97
	0.129
	1.000
	1.18
	0.29

	58
	Creatine
	161.9 ± 48.2
	171.3 ± 34.5
	88.1 ± 27.3
	87.0 ± 23.5
	1.06
	0.99
	0.768
	0.912
	0.41
	0.01

	59
	Glycine
	40.6 ± 6.9
	39.9 ± 6.9
	28.4 ± 31.7
	18.9 ± 9.6
	0.98
	0.66
	0.768
	0.315
	0.14
	0.52

	60
	Asparagine
	23.4 ± 9.0
	27.5 ± 5.9
	6.5 ± 3.3
	5.6 ± 1.9
	1.18
	0.85
	0.254
	0.853
	0.88
	0.43

	61
	Citrulline
	41.2 ± 17.7
	55.9 ± 4.7
	11.2 ± 2.5
	14.4 ± 4.7
	1.36
	1.29
	0.165
	0.105
	1.43
	1.10

	62
	GSSG
	16.0 ± 9.7
	15.4 ± 6.1
	7.7 ± 9.5
	ND
	0.96
	-
	1.000
	-
	0.09
	-

	63
	1-Methylhistidine
	0.42 ± 0.14
	0.38 ± 0.14
	0.26 ± 0.05
	0.77 ± 0.37
	0.90
	2.94
	0.513
	0.000022
	0.43
	2.20

	64
	Histidine
	21.9 ± 8.8
	26.9 ± 2.6
	7.0 ± 2.0
	6.5 ± 1.0
	1.23
	0.94
	0.165
	0.912
	1.16
	0.31

	65
	3-Methylhistidine
	9.0 ± 10.1
	4.0 ± 3.2
	0.56 ± 0.54
	0.80 ± 0.81
	0.45
	1.44
	0.371
	0.481
	0.76
	0.35

	66
	Lysine
	7.7 ± 5.5
	10.9 ± 3.9
	22.6 ± 10.2
	28.0 ± 9.2
	1.42
	1.24
	0.206
	0.075
	1.14
	0.92

	67
	Methylarginine
	5.5 ± 5.2
	7.1 ± 3.4
	0.084 ± 0.037
	0.10 ± 0.03
	1.30
	1.13
	0.206
	0.218
	0.92
	0.65

	68
	Ornithine
	20.8 ± 22.4
	23.0 ± 8.2
	9.4 ± 5.1
	17.9 ± 8.1
	1.11
	1.90
	0.165
	0.019
	0.80
	1.46

	69
	Arginine
	19.7 ± 11.0
	33.4 ± 15.7
	14.6 ± 2.6
	13.7 ± 8.7
	1.69
	0.93
	0.129
	0.796
	1.41
	0.72

	Kynurenine pathway metabolite

	38
	Tryptophan
	70.0 ± 30.0
	93.6 ± 6.4
	14.4 ± 4.6
	12.1 ± 3.2
	1.34
	0.84
	0.040
	0.315
	1.45
	0.71

	70
	Picolinic acid
	0.055 ± 0.018
	0.052 ± 0.011
	0.030 ± 0.017
	0.028 ± 0.011
	0.94
	0.93
	0.953
	0.971
	0.15
	0.04

	71
	Quinolinic acid
	0.081 ± 0.034
	0.059 ± 0.005
	0.054 ± 0.025
	0.097 ± 0.051
	0.74
	1.81
	0.371
	0.052
	0.76
	0.51

	72
	3-Hydroxykynurenine
	0.012 ± 0.003
	0.010 ± 0.002
	0.011 ± 0.006
	0.007 ± 0.005
	0.83
	0.65
	0.254
	0.064
	0.96
	1.31

	73
	Kynurenine
	0.38 ± 0.11
	0.36 ± 0.07
	0.17 ± 0.07
	0.19 ± 0.06
	0.96
	1.14
	0.768
	0.315
	0.11
	0.65

	74
	3-Hydroxyanthranilic acid
	0.016 ± 0.009
	0.018 ± 0.012
	ND
	ND
	1.14
	-
	0.679
	-
	0.27
	-

	75
	5-Hydroxyindoleacetic acid
	0.084 ± 0.12
	0.048 ± 0.016
	0.032 ± 0.008
	0.049 ± 0.019
	0.57
	1.53
	0.953
	0.011
	0.42
	0.71

	76
	Kynurenic acid
	0.014 ± 0.004
	0.010 ± 0.004
	0.008 ± 0.004
	0.010 ± 0.004
	0.71
	1.25
	0.129
	0.353
	1.27
	0.52

	77
	Anthranilic acid
	0.004 ± 0.001
	0.003 ± 0.001
	ND
	ND
	0.78
	-
	0.075
	-
	1.28
	-

	78
	Serotonin
	0.68 ± 0.79
	0.086 ± 0.093
	0.89 ± 0.88
	0.46 ± 0.94
	0.13
	0.51
	0.099
	0.063
	1.51
	1.10

	Nucleoside

	79
	5,6-Dihydrouridine
	2.5 ± 1.6
	1.2 ± 0.4
	0.86 ± 0.46
	1.0 ± 0.3
	0.47
	1.21
	0.129
	0.190
	1.45
	0.93

	80
	Pseudouridine
	8.5 ± 4.9
	4.2 ± 1.3
	2.6 ± 1.5
	3.5 ± 0.9
	0.50
	1.37
	0.206
	0.052
	1.40
	1.25

	81
	Uridine
	5.4 ± 4.6
	2.4 ± 1.2
	1.0 ± 0.6
	2.0 ± 2.0
	0.45
	1.91
	0.310
	0.684
	0.97
	0.56

	82
	Xanthosine
	0.17 ± 0.17
	0.14 ± 0.13
	ND
	ND
	0.86
	-
	0.513
	-
	0.36
	-

	83
	3-Methyluridine
	0.048 ± 0.031
	0.017 ± 0.005
	ND
	ND
	0.35
	-
	0.019
	-
	1.84
	-

	84
	1-Methylguanosine
	0.055 ± 0.034
	0.019 ± 0.006
	0.017 ± 0.011
	0.014 ± 0.004
	0.35
	0.87
	0.0080
	0.631
	1.96
	0.02

	85
	Cytidine
	2.2 ± 0.82
	2.3 ± 1.0
	1.1 ± 1.1
	0.44 ± 0.31
	1.03
	0.39
	0.953
	0.035
	0.00
	1.37

	86
	N2-Methylguanosine
	0.057 ± 0.037
	0.018 ± 0.006
	0.015 ± 0.010
	0.015 ± 0.004
	0.32
	0.96
	0.0080
	0.393
	2.01
	0.32

	87
	5-Methylcytidine
	0.048 ± 0.020
	0.024 ± 0.006
	0.025 ± 0.016
	0.009 ± 0.005
	0.50
	0.38
	0.019
	0.00049
	1.89
	1.77

	88
	N2,N2-Dimethylguanosine
	0.028 ± 0.017
	0.011 ± 0.003
	0.009 ± 0.006
	0.007 ± 0.003
	0.39
	0.84
	0.0047
	0.529
	2.00
	0.04

	89
	MTA
	0.011 ± 0.007
	0.004 ± 0.001
	0.005 ± 0.003
	0.002 ± 0.002
	0.35
	0.45
	0.019
	0.015
	1.81
	1.47

	90
	N4-Acetylcytidine
	17.4 ± 10.3
	6.6 ± 2.2
	2.0 ± 1.0
	2.9 ± 1.0
	0.38
	1.45
	0.165
	0.063
	1.64
	1.24

	a Values normalized to the corresponding mean value of the WT concentration
b P-value calculated by Wilcoxon rank-sum test
c Variable importance in projection score of PLS-DA





Table S2. Mean values of each of 110 metabolites, P-value, and VIP score in urine from 4w and 7w AS model mice.
	No.
	Metabolite
	Concentration
(pg/ng creatinine, Mean ± SD)
	Normalized
valuea
	P-valueb
	VIP scorec

	
	
	4w
(WT)
	4w
(AS)
	7w
(WT)
	7w
(AS)
	4w
(WT vs
AS)
	7w
(WT vs
AS)
	4w
(WT vs
AS)
	7w
(WT vs
AS)
	4w
(WT vs
AS)
	7w
(WT vs
AS)

	Organic acid

	1
	Pyruvic acid
	227.4 ± 118.0
	177.7 ± 44.4
	240.8 ± 50.5
	373.7 ± 124.7
	0.78
	1.55
	0.336
	0.0057
	0.86
	1.48

	2
	3-Hydroxyisovaleric acid
	21.4 ± 7.1
	17.9 ± 5.9
	13.9 ± 4.8
	17.0 ± 6.3
	0.84
	1.22
	0.201
	0.447
	0.68
	0.68

	3
	Acetoacetic acid
	383.5 ± 387.7
	218.6 ± 167.2
	91.7 ± 62.7
	1331.4 ± 932.1
	0.57
	14.51
	0.781
	0.000022
	0.37
	2.02

	4
	Lactic acid
	612.6 ± 151.3
	1460.0 ± 1126.2
	898.4 ± 378.4
	4570.6 ± 5107.5
	2.38
	5.09
	0.019
	0.0021
	1.79
	1.52

	5
	Glycolic acid
	841.9 ± 207.6
	871.5 ± 123.1
	1454.5 ± 390.6
	1414.6 ± 798.6
	1.04
	0.97
	0.643
	0.549
	0.41
	0.39

	6
	Phenylacetic acid
	48.0 ± 10.6
	45.8 ± 13.0
	99.4 ± 72.6
	64.4 ± 21.4
	0.95
	0.65
	0.439
	0.720
	0.37
	0.49

	7
	Oxalic acid
	786.9 ± 379.1
	942.3 ± 422.2
	1210.7 ± 755.6
	951.3 ± 434.0
	1.20
	0.79
	0.369
	0.549
	0.74
	0.45

	8
	2-Hydroxybutyric acid
	22.9 ± 6.8
	20.3 ± 6.6
	19.5 ± 6.6
	21.2 ± 6.4
	0.89
	1.08
	0.336
	0.497
	0.65
	0.39

	9
	3-Hydroxypropionic acid
	117.3 ± 19.9
	124.4 ± 30.1
	139.5 ± 43.5
	194.2 ± 94.3
	1.06
	1.39
	0.516
	0.400
	0.32
	0.78

	10
	2-Hydroxyisovaleric acid
	14.8 ± 2.7
	18.7 ± 5.2
	27.9 ± 8.6
	61.4 ± 58.0
	1.26
	2.20
	0.159
	0.043
	1.31
	0.74

	11
	Malonic acid
	109.4 ± 32.5
	89.9 ± 31.5
	140.7 ± 38.9
	152.4 ± 32.0
	0.82
	1.08
	0.201
	0.720
	0.99
	0.44

	12
	Methylmalonic acid
	15.8 ± 4.3
	14.1 ± 3.6
	20.8 ± 6.1
	23.9 ± 5.2
	0.89
	1.15
	0.439
	0.315
	0.63
	0.66

	13
	2-Hydroxy-3-methylvaleric acid
	24.9 ± 6.2
	36.3 ± 19.4
	47.5 ± 11.7
	51.1 ± 16.0
	1.46
	1.07
	0.201
	0.356
	1.16
	0.06

	14
	Ethylmalonic acid
	58.8 ± 20.2
	36.2 ± 23.5
	36.3 ± 12.8
	62.0 ± 32.4
	0.62
	1.71
	0.019
	0.095
	1.74
	1.12

	15
	Isovalerylglycine
	823.7 ± 187.9
	680.7 ± 131.8
	3209.3 ± 1157.0
	866.3 ± 523.0
	0.83
	0.27
	0.046
	0.000043
	1.11
	2.00

	16
	Succinic acid
	2219.6 ± 561.6
	2350.9 ± 465.5
	4598.0 ± 1666.5
	4463.6 ± 1873.0
	1.06
	0.97
	0.688
	0.968
	0.45
	0.21

	17
	Methylsuccinic acid
	54.1 ± 11.1
	41.0 ± 10.6
	85.5 ± 29.4
	78.0 ± 21.7
	0.76
	0.91
	0.033
	0.720
	1.69
	0.28

	18
	Fumaric acid
	471.3 ± 303.6
	208.9 ± 137.0
	322.6 ± 167.2
	536.5 ± 376.6
	0.44
	1.66
	0.028
	0.278
	1.61
	0.05

	19
	Phenylpyruvic acid
	267.5 ± 172.1
	162.9 ± 82.9
	208.6 ± 119.1
	234.0 ± 178.6
	0.61
	1.12
	0.159
	0.968
	1.18
	0.30

	20
	2-Methylfumaric acid
	17.4 ± 4.2
	13.5 ± 6.1
	29.1 ± 12.0
	17.3 ± 10.1
	0.78
	0.59
	0.109
	0.095
	1.17
	1.13

	21
	Oxaloacetic acid
	679.4 ± 256.1
	558.9 ± 190.6
	794.3 ± 171.6
	1109.7 ± 185.4
	0.82
	1.40
	0.781
	0.010
	0.85
	1.56

	22
	Glutaric acid
	716.8 ± 287.3
	563.3 ± 119.0
	425.6 ± 373.2
	515.5 ± 474.2
	0.79
	1.21
	0.124
	0.661
	0.50
	0.29

	23
	Hexanoylglycine
	132.3 ± 89.6
	73.8 ± 36.0
	521.2 ± 216.8
	193.9 ± 81.2
	0.56
	0.37
	0.159
	0.000022
	1.31
	1.91

	24
	Mandelic acid
	8.4 ± 2.5
	8.0 ± 1.6
	12.7 ± 3.3
	16.4 ± 6.9
	0.95
	1.29
	0.829
	0.113
	0.11
	0.79

	25
	3-Hydroxy-3-methylglutaric acid
	246.4 ± 49.3
	197.4 ± 53.4
	300.3 ± 169.9
	259.4 ± 92.5
	0.80
	0.86
	0.039
	0.842
	1.47
	0.05

	26
	Adipic acid
	268.6 ± 118.4
	181.5 ± 60.5
	280.3 ± 239.0
	259.5 ± 143.4
	0.68
	0.93
	0.083
	0.780
	1.16
	0.33

	27
	3-Methyladipic acid
	8.8 ± 3.4
	5.6 ± 2.2
	18.0 ± 7.6
	12.1 ± 2.2
	0.63
	0.68
	0.016
	0.095
	1.62
	1.04

	28
	α-Ketoglutaric acid
	13508.9 ± 7589.1
	9829.6 ± 3914.3
	15901.7 ± 6755.4
	26930.9 ± 15593.0
	0.73
	1.69
	0.305
	0.133
	0.93
	0.69

	29
	2-Hydroxyphenylacetic acid
	6.2 ± 2.6
	6.3 ± 1.2
	11.9 ± 6.6
	13.8 ± 4.1
	1.00
	1.15
	0.975
	0.549
	0.41
	0.64

	30
	Phenyllactic acid
	38.5 ± 9.5
	40.6 ± 13.0
	16.8 ± 4.1
	28.9 ± 11.7
	1.05
	1.72
	0.734
	0.053
	0.08
	1.27

	31
	3-Hydroxyphenylacetic acid
	9.7 ± 2.5
	7.7 ± 2.8
	23.7 ± 10.8
	22.0 ± 5.7
	0.79
	0.93
	0.141
	0.905
	1.17
	0.03

	32
	4-Hydroxyphenylacetic acid
	10.0 ± 2.7
	8.0 ± 3.0
	24.6 ± 11.3
	22.7 ± 6.0
	0.80
	0.92
	0.159
	0.968
	1.12
	0.01

	33
	Pimelic acid
	59.4 ± 42.0
	39.1 ± 8.1
	63.2 ± 28.2
	132.9 ± 72.1
	0.66
	2.10
	0.053
	0.028
	1.07
	1.35

	34
	Hippuric acid
	1815.2 ± 1339.2
	1238.5 ± 751.1
	3138.4 ± 1923.0
	3982.4 ± 1855.5
	0.68
	1.27
	0.403
	0.604
	0.40
	0.03

	35
	Malic acid
	1282.1 ± 577.5
	1191.0 ± 606.2
	1113.1 ± 487.5
	1677.4 ± 946.4
	0.93
	1.51
	0.877
	0.133
	0.21
	0.22

	36
	Suberic acid
	26.0 ± 17.0
	13.2 ± 6.2
	20.5 ± 10.6
	52.1 ± 35.9
	0.51
	2.54
	0.016
	0.0030
	1.56
	1.46

	37
	3-Indoleacetic acid
	15.0 ± 3.5
	12.2 ± 3.1
	24.6 ± 9.6
	25.6 ± 9.4
	0.82
	1.04
	0.062
	0.780
	1.14
	0.19

	38
	2-Hydroxyglutaric acid
	568.0 ± 176.9
	478.2 ± 77.3
	1046.3 ± 794.7
	1642.6 ± 2573.1
	0.84
	1.57
	0.369
	0.780
	0.73
	0.11

	39
	Homovanillic acid
	1.8 ± 0.6
	1.6 ± 0.6
	3.7 ± 1.4
	3.5 ± 1.5
	0.91
	0.95
	0.557
	0.842
	0.48
	0.24

	40
	Vanillic acid
	32.4 ± 13.8
	48.5 ± 24.4
	66.2 ± 20.9
	66.7 ± 17.7
	1.49
	1.01
	0.072
	0.968
	0.90
	0.09

	41
	Azelaic acid
	31.2 ± 36.9
	15.7 ± 4.5
	21.9 ± 14.8
	102.2 ± 97.7
	0.50
	4.66
	0.403
	0.0057
	0.76
	1.47

	42
	4-Hydroxyphenylpyruvic acid
	3516.2 ± 2460.9
	1674.2 ± 1346.1
	1765.5 ± 1582.8
	2736.0 ± 2078.7
	0.48
	1.55
	0.053
	0.447
	1.51
	0.33

	43
	cis-Aconitic acid
	681.2 ± 182.9
	553.9 ± 116.2
	1137.5 ± 371.1
	1103.2 ± 542.6
	0.81
	0.97
	0.039
	0.905
	1.19
	0.34

	44
	4-Hydroxymandelic acid
	44.8 ± 9.5
	38.9 ± 6.5
	93.8 ± 27.1
	78.5 ± 23.1
	0.87
	0.84
	0.159
	0.315
	1.01
	0.68

	45
	3-Indolecarboxylic acid
	30.2 ± 14.2
	18.8 ± 5.3
	20.8 ± 6.9
	27.8 ± 4.6
	0.62
	1.33
	0.062
	0.035
	1.37
	1.22

	46
	Vanillylmandelic acid
	2.3 ± 0.8
	2.0 ± 0.4
	2.6 ± 0.9
	3.8 ± 0.6
	0.86
	1.45
	0.336
	0.0057
	0.66
	1.51

	47
	2-Hydroxyhippuric acid
	5.4 ± 1.5
	3.8 ± 0.7
	17.5 ± 8.9
	13.1 ± 3.8
	0.69
	0.75
	0.016
	0.497
	1.77
	0.51

	48
	4-Hydroxyphenyllactic acid
	49.3 ± 15.4
	37.5 ± 10.9
	54.9 ± 19.1
	51.1 ± 14.1
	0.76
	0.93
	0.096
	0.720
	1.10
	0.16

	49
	3-Indolelactic acid
	36.6 ± 16.2
	26.9 ± 12.8
	27.2 ± 10.7
	34.3 ± 12.2
	0.74
	1.26
	0.141
	0.356
	0.83
	0.74

	50
	Citric acid
	21037.5 ± 6193.8
	17446.1 ± 2328.9
	26958.0 ± 8008.5
	27691.3 ± 11649.8
	0.83
	1.03
	0.250
	0.661
	0.99
	0.16

	51
	Isocitric acid
	1285.5 ± 450.8
	983.9 ± 224.8
	1418.3 ± 329.2
	1573.0 ± 449.0
	0.77
	1.11
	0.062
	0.549
	1.23
	0.34

	52
	3-Indoleglyoxylic acid
	25.0 ± 6.4
	18.1 ± 3.7
	28.7 ± 9.9
	32.6 ± 7.9
	0.72
	1.14
	0.0086
	0.400
	1.60
	0.58

	Amino acid

	53
	Tryptophan
	7.7 ± 2.7
	11.8 ± 4.8
	40.1 ± 10.4
	56.6 ± 24.4
	1.53
	1.41
	0.016
	0.133
	1.54
	0.82

	54
	Phenylalanine
	42.2 ± 17.1
	60.0 ± 25.6
	75.8 ± 22.1
	155.7 ± 84.5
	1.42
	2.05
	0.109
	0.0021
	1.18
	1.51

	55
	Tyrosine
	23.1 ± 10.7
	23.2 ± 5.0
	154.5 ± 57.9
	225.6 ± 126.6
	1.01
	1.46
	0.336
	0.156
	0.31
	0.76

	56
	Leucine
	35.2 ± 14.8
	50.8 ± 32.5
	135.1 ± 47.9
	133.0 ± 53.0
	1.44
	0.98
	0.305
	0.661
	0.88
	0.54

	57
	Isoleucine
	27.8 ± 17.2
	25.6 ± 10.8
	35.8 ± 10.6
	44.2 ± 28.8
	0.92
	1.23
	1.000
	0.720
	0.23
	0.02

	58
	Methionine
	34.5 ± 14.9
	57.8 ± 31.4
	249.0 ± 165.2
	210.6 ± 156.8
	1.68
	0.85
	0.062
	0.661
	1.37
	0.37

	59
	Valine
	20.7 ± 11.7
	25.1 ± 12.5
	66.0 ± 32.2
	86.7 ± 90.3
	1.21
	1.31
	0.277
	0.842
	0.70
	0.00

	60
	α-Aminoadipic acid
	ND
	ND
	33.2 ± 24.2
	22.2 ± 10.7
	-
	0.67
	-
	0.549
	-
	0.45

	61
	Pipecolic acid
	112.6 ± 38.5
	145.6 ± 65.0
	409.4 ± 76.9
	265.5 ± 183.0
	1.29
	0.65
	0.403
	0.017
	1.00
	1.00

	62
	Glutamic acid
	3.9 ± 3.9
	6.9 ± 3.9
	333.1 ± 188.2
	707.5 ± 416.9
	1.77
	2.12
	0.023
	0.022
	1.53
	1.28

	63
	Proline
	19.8 ± 18.3
	38.1 ± 20.5
	55.1 ± 25.4
	182.1 ± 86.5
	1.93
	3.30
	0.019
	0.000087
	1.57
	1.89

	64
	Threonine
	10.3 ± 6.5
	9.2 ± 4.7
	99.2 ± 43.5
	114.4 ± 37.7
	0.89
	1.15
	0.926
	0.447
	0.37
	0.53

	65
	Hydroxyproline
	7.2 ± 14.5
	4.3 ± 1.9
	24.8 ± 10.6
	50.7 ± 48.2
	0.59
	2.04
	0.336
	0.661
	0.29
	0.62

	66
	Alanine
	20.8 ± 11.6
	38.0 ± 23.9
	99.2 ± 23.9
	389.0 ± 317.0
	1.83
	3.92
	0.028
	0.000022
	1.63
	1.85

	67
	Aspartic acid
	ND
	ND
	46.9 ± 11.2
	54.0 ± 23.4
	-
	1.15
	-
	0.780
	-
	0.20

	68
	Homoserine
	1.1 ± 0.45
	0.89 ± 0.28
	18.2 ± 3.9
	16.7 ± 4.4
	0.82
	0.92
	0.336
	0.497
	0.78
	0.46

	69
	Serine
	1.8 ± 0.9
	1.4 ± 0.7
	60.7 ± 20.0
	54.1 ± 50.9
	0.78
	0.89
	0.439
	0.182
	0.86
	0.78

	70
	Glutamine
	24.3 ± 13.2
	17.4 ± 8.7
	1471.5 ± 1080.0
	912.1 ± 871.2
	0.71
	0.62
	0.201
	0.400
	0.80
	1.03

	71
	Creatine
	773.6 ± 442.9
	662.2 ± 142.7
	5719.3 ± 1605.6
	4677.3 ± 914.0
	0.86
	0.82
	0.975
	0.133
	0.03
	0.84

	72
	Asparagine
	3.2 ± 1.8
	4.1 ± 2.0
	83.4 ± 28.0
	73.1 ± 29.3
	1.29
	0.88
	0.336
	0.447
	0.80
	0.42

	73
	β-Aminoisobutyric acid
	5.0 ± 3.1
	2.8 ± 2.0
	65.2 ± 22.9
	38.8 ± 11.7
	0.56
	0.59
	0.039
	0.010
	1.36
	1.27

	74
	Citrulline
	0.63 ± 0.46
	0.57 ± 0.34
	23.5 ± 10.5
	59.4 ± 45.3
	0.90
	2.53
	0.975
	0.028
	0.27
	1.38

	75
	β-Alanine
	6.5 ± 3.2
	3.4 ± 1.9
	100.1 ± 24.0
	92.4 ± 28.5
	0.52
	0.92
	0.0055
	0.278
	1.83
	0.70

	76
	γ-Aminobutyric acid
	14.7 ± 9.4
	9.6 ± 5.2
	121.1 ± 53.3
	110.2 ± 66.0
	0.66
	0.91
	0.224
	0.400
	1.00
	0.38

	77
	1-Methylhistidine
	13.7 ± 5.4
	15.4 ± 4.3
	68.3 ± 14.4
	55.9 ± 11.2
	1.12
	0.82
	0.439
	0.022
	0.60
	1.02

	78
	Histidine
	1.5 ± 0.8
	2.1 ± 1.4
	67.1 ± 50.3
	55.1 ± 23.5
	1.41
	0.82
	0.336
	0.780
	0.59
	0.34

	79
	3-Methylhistidine
	36.9 ± 25.9
	73.3 ± 48.3
	212.8 ± 152.2
	144.0 ± 34.0
	1.99
	0.68
	0.053
	0.720
	1.12
	0.33

	80
	Lysine
	0.52 ± 0.21
	0.37 ± 0.18
	96.9 ± 27.1
	134.3 ± 87.1
	0.71
	1.39
	0.141
	0.497
	1.17
	0.45

	81
	Ornithine
	ND
	ND
	57.9 ± 21.4
	71.3 ± 28.7
	-
	1.23
	-
	0.243
	-
	0.44

	82
	Arginine
	ND
	ND
	125.3 ± 107.0
	99.6 ± 47.2
	-
	0.79
	-
	0.905
	-
	0.27

	Kynurenine pathway metabolite

	53
	Tryptophan
	7.7 ± 2.7
	11.8 ± 4.8
	40.1 ± 10.4
	56.6 ± 24.4
	1.53
	1.41
	0.016
	0.133
	1.54
	0.82

	83
	Picolinic acid
	6.4 ± 7.1
	6.5 ± 3.1
	1.7 ± 0.8
	9.1 ± 10.0
	1.01
	5.44
	0.250
	0.0076
	0.53
	1.37

	84
	Quinolinic acid
	ND
	ND
	101.8 ± 51.8
	407.9 ± 115.2
	-
	4.00
	-
	0.000022
	-
	1.98

	85
	3-Hydroxykynurenine
	0.52 ± 0.27
	0.40 ± 0.12
	ND
	ND
	0.76
	-
	0.336
	-
	0.46
	-

	86
	5-Hydroxytryptophan
	0.65 ± 0.33
	0.49 ± 0.13
	1.1 ± 0.3
	1.5 ± 0.4
	0.75
	1.38
	0.369
	0.053
	0.53
	1.11

	87
	Kynurenine
	0.44 ± 0.26
	0.42 ± 0.32
	0.31 ± 0.21
	0.66 ± 0.44
	0.96
	2.14
	0.734
	0.113
	0.36
	0.74

	88
	3-Hydroxyanthranilic acid
	6.4 ± 3.3
	4.0 ± 3.1
	10.5 ± 2.9
	17.5 ± 5.1
	0.63
	1.67
	0.096
	0.0030
	1.29
	1.60

	89
	Xanthurenic acid
	64.9 ± 19.2
	47.0 ± 13.8
	818.4 ± 341.1
	372.9 ± 152.9
	0.72
	0.46
	0.028
	0.0041
	1.33
	1.50

	90
	5-Hydroxyindoleacetic acid
	37.5 ± 16.7
	21.9 ± 13.8
	217.0 ± 76.0
	398.8 ± 76.1
	0.58
	1.84
	0.039
	0.00041
	1.49
	1.85

	91
	Kynurenic acid
	32.6 ± 11.0
	24.1 ± 8.0
	93.0 ± 35.1
	85.0 ± 16.5
	0.74
	0.91
	0.072
	0.780
	1.06
	0.09

	92
	Anthranilic acid
	0.56 ± 0.26
	0.89 ± 0.74
	0.82 ± 0.46
	3.6 ± 3.2
	1.60
	4.33
	0.403
	0.017
	0.80
	1.45

	93
	Serotonin
	0.74 ± 0.39
	0.53 ± 0.19
	0.23 ± 0.05
	0.32 ± 0.10
	0.72
	1.35
	0.277
	0.095
	0.73
	0.97

	Nucleoside

	94
	5,6-Dihydrouridine
	590.0 ± 193.1
	514.4 ± 120.4
	1032.2 ± 405.6
	521.6 ± 182.4
	0.87
	0.51
	0.369
	0.0010
	0.52
	1.71

	95
	Pseudouridine
	692.2 ± 371.4
	498.5 ± 161.8
	1848.3 ± 792.4
	1128.7 ± 512.8
	0.72
	0.61
	0.439
	0.017
	0.55
	1.18

	96
	Uridine
	11.9 ± 6.1
	11.1 ± 4.8
	37.0 ± 18.1
	14.3 ± 11.8
	0.93
	0.39
	0.643
	0.0048
	0.01
	1.57

	97
	Inosine
	27.3 ± 15.9
	23.9 ± 10.6
	56.2 ± 32.6
	34.0 ± 36.3
	0.88
	0.60
	0.877
	0.182
	0.22
	1.14

	98
	5-Methyluridine
	ND
	ND
	1.2 ± 0.6
	0.89 ± 0.31
	-
	0.76
	-
	0.278
	-
	0.58

	99
	Guanosine
	11.3 ± 7.6
	13.8 ± 7.0
	18.7 ± 13.4
	11.1 ± 10.4
	1.22
	0.59
	0.224
	0.020
	0.80
	1.42

	100
	Xanthosine
	12.0 ± 10.0
	5.4 ± 4.1
	41.9 ± 18.1
	22.0 ± 13.9
	0.45
	0.53
	0.250
	0.028
	0.90
	1.18

	101
	3-Methyluridine
	8.9 ± 2.2
	7.1 ± 2.2
	8.4 ± 2.7
	3.2 ± 2.0
	0.79
	0.38
	0.062
	0.00041
	1.15
	1.37

	102
	1-Methylguanosine
	40.5 ± 21.6
	31.1 ± 9.6
	25.3 ± 12.3
	12.3 ± 6.0
	0.77
	0.49
	0.403
	0.0037
	0.49
	1.47

	103
	Cytidine
	1.4 ± 0.7
	2.1 ± 1.3
	9.4 ± 7.1
	10.4 ± 11.7
	1.52
	1.10
	0.305
	0.497
	1.02
	0.34

	104
	2-Methylguanosine
	5.1 ± 2.9
	3.8 ± 1.1
	1.9 ± 1.8
	ND
	0.75
	-
	0.557
	-
	0.38
	-

	105
	Adenosine
	10.8 ± 7.8
	9.0 ± 4.1
	23.5 ± 13.2
	ND
	0.83
	-
	0.549
	-
	0.61
	-

	106
	N2,N2-Dimethylguanosine
	15.2 ± 6.9
	11.9 ± 7.0
	32.5 ± 20.3
	6.9 ± 4.4
	0.78
	0.21
	0.141
	0.00049
	0.83
	1.81

	107
	1-Methyladenosine
	0.21 ± 0.11
	0.38 ± 0.38
	ND
	ND
	1.81
	-
	0.975
	-
	0.63
	-

	108
	N6-Methyladenosine
	0.20 ± 0.11
	0.37 ± 0.40
	ND
	ND
	1.87
	-
	1.000
	-
	0.63
	-

	109
	MTA
	1.4 ± 1.1
	0.83 ± 0.62
	17.0 ± 15.7
	8.3 ± 2.5
	0.60
	0.49
	0.336
	0.315
	0.48
	0.83

	110
	N4-Acetylcytidine
	437.0 ± 142.6
	372.6 ± 120.1
	732.8 ± 294.1
	263.1 ± 239.8
	0.85
	0.36
	0.305
	0.0030
	0.66
	1.50

	a Values normalized to the corresponding mean value of the WT concentration
b P-value calculated by Wilcoxon rank-sum test
c Variable importance in projection score of PLS-DA



Table S3. Median values of each of 90 metabolites, P-value, and VIP score in plasma from 4w and 7w AS model mice.
	No.
	Metabolite
	Concentration
(ng/μL, Median ± IQR)
	Normalized
valuea
	P-valueb
	VIP scorec

	
	
	4w
(WT)
	4w
(AS)
	7w
(WT)
	7w
(AS)
	4w
(WT vs
AS)
	7w
(WT vs
AS)
	4w
(WT vs
AS)
	7w
(WT vs
AS)
	4w
(WT vs
AS)
	7w
(WT vs
AS)

	Organic acid

	1
	Pyruvic acid
	13.2 ± 5.6
	23.7 ± 9.3
	6.6 ± 8.5
	6.2 ± 3.2
	1.80
	0.95
	0.019
	1.000
	2.01
	0.27

	2
	Acetoacetic acid
	58.3 ± 127.9
	20.7 ± 26.3
	4.3 ± 2.7
	4.1 ± 6.6
	0.36
	0.96
	0.513
	0.393
	0.63
	0.92

	3
	Lactic acid
	342.2 ± 76.1
	433.5 ± 125.6
	157.1 ± 46.3
	222.6 ± 131.3
	1.27
	1.42
	0.310
	0.075
	0.99
	1.19

	4
	Glycolic acid
	106.1 ± 70.4
	110.9 ± 64.8
	174.1 ± 56.4
	173.8 ± 41.6
	1.04
	1.00
	0.310
	1.000
	0.95
	0.51

	5
	2-Hydroxybutyric acid
	1.8 ± 1.7
	1.3 ± 0.7
	0.86 ± 0.15
	1.4 ± 1.2
	0.73
	1.61
	0.513
	0.00049
	0.57
	1.87

	6
	3-Hydroxypropionic acid
	10.0 ± 5.9
	15.3 ± 9.0
	5.2 ± 1.5
	4.5 ± 2.0
	1.53
	0.86
	0.028
	0.684
	1.62
	0.68

	7
	3-Hydroxybutyric acid
	52.3 ± 57.6
	15.8 ± 29.5
	12.1 ± 4.3
	25.1 ± 75.8
	0.30
	2.08
	0.440
	0.0052
	0.47
	1.65

	8
	Malonic acid
	0.49 ± 0.19
	0.34 ± 0.05
	0.34 ± 0.41
	0.73 ± 0.34
	0.69
	2.17
	0.129
	0.029
	1.04
	1.29

	9
	Succinic acid
	4.4 ± 1.8
	3.9 ± 1.5
	2.8 ± 0.9
	3.3 ± 1.5
	0.88
	1.18
	0.679
	0.143
	0.47
	1.02

	10
	Fumaric acid
	0.76 ± 0.39
	0.58 ± 0.09
	0.38 ± 0.09
	0.44 ± 0.08
	0.77
	1.18
	0.165
	0.123
	1.04
	0.25

	11
	Oxaloacetic acid
	19.7 ± 5.9
	17.8 ± 4.7
	16.4 ± 2.6
	14.3 ± 1.0
	0.90
	0.87
	1.000
	0.0068
	0.22
	1.60

	12
	α-Ketoglutaric acid
	4.7 ± 2.8
	4.2 ± 0.4
	2.2 ± 0.9
	2.3 ± 0.4
	0.91
	1.04
	0.679
	0.912
	0.12
	0.17

	13
	4-Hydroxyphenylacetic acid
	0.048 ± 0.045
	0.061 ± 0.021
	0.027 ± 0.014
	0.038 ± 0.029
	1.27
	1.41
	0.440
	0.089
	0.81
	1.06

	14
	Malic acid
	1.9 ± 1.2
	1.9 ± 0.3
	2.6 ± 1.1
	3.0 ± 0.8
	0.98
	1.15
	0.859
	0.143
	0.43
	1.12

	15
	2-Hydroxyglutaric acid
	1.3 ± 0.5
	1.4 ± 1.0
	10.5 ± 1.9
	8.3 ± 4.2
	1.04
	0.79
	0.768
	0.043
	0.47
	1.25

	16
	cis-Aconitic acid
	0.58 ± 0.41
	0.46 ± 0.07
	0.11 ± 0.09
	0.10 ± 0.26
	0.80
	0.92
	0.310
	0.684
	1.01
	0.49

	17
	4-Hydroxyphenyllactic acid
	0.15 ± 0.07
	0.13 ± 0.03
	0.17 ± 0.03
	0.19 ± 0.07
	0.88
	1.10
	0.440
	0.165
	0.80
	1.00

	18
	Citric acid
	4.3 ± 1.8
	5.8 ± 1.2
	3.6 ± 2.2
	4.8 ± 0.5
	1.36
	1.32
	0.165
	0.075
	0.94
	0.45

	19
	Isocitric acid
	0.67 ± 0.32
	0.73 ± 0.07
	0.72 ± 0.38
	0.84 ± 0.28
	1.09
	1.17
	0.440
	0.353
	0.44
	0.38

	Fatty acid

	20
	Lauric acid
	0.95 ± 1.20
	0.71 ± 0.54
	0.33 ± 0.36
	0.32 ± 0.19
	0.75
	0.97
	0.859
	0.571
	0.51
	0.56

	21
	Myristoleic acid
	0.23 ± 0.26
	0.15 ± 0.10
	0.045 ± 0.019
	0.066 ± 0.102
	0.66
	1.47
	0.768
	0.579
	0.30
	0.40

	22
	Myristic acid
	3.4 ± 4.3
	2.6 ± 1.6
	1.2 ± 0.4
	1.2 ± 1.2
	0.76
	1.00
	0.953
	1.000
	0.11
	0.01

	23
	Palmitoleic acid
	8.1 ± 5.5
	5.3 ± 3.2
	4.2 ± 3.0
	6.3 ± 4.9
	0.66
	1.48
	0.513
	0.739
	0.49
	0.27

	24
	Palmitic acid
	167.0 ± 22.7
	182.4 ± 16.3
	143.7 ± 22.7
	182.0 ± 61.7
	1.09
	1.27
	0.00067
	0.019
	1.52
	1.56

	25
	γ-Linolenic acid
	2.4 ± 1.9
	2.5 ± 0.6
	0.87 ± 0.34
	1.18 ± 1.14
	1.05
	1.35
	0.859
	0.089
	0.43
	1.16

	26
	Linoleic acid
	181.3 ± 33.8
	197.2 ± 26.0
	114.8 ± 26.9
	121.3 ± 28.5
	1.09
	1.06
	0.440
	0.190
	0.83
	0.83

	27
	Oleic acid
	40.2 ± 8.4
	41.5 ± 2.7
	21.3 ± 5.8
	29.3 ± 6.3
	1.03
	1.38
	1.000
	0.075
	0.44
	1.01

	28
	α-Linolenic acid
	2.1 ± 1.1
	2.1 ± 1.2
	1.7 ± 1.1
	2.5 ± 1.1
	1.01
	1.48
	0.440
	0.218
	0.75
	0.84

	29
	Stearic acid
	52.2 ± 3.6
	64.3 ± 11.0
	48.9 ± 4.9
	53.6 ± 7.8
	1.23
	1.10
	0.0080
	0.063
	1.51
	1.18

	30
	Arachidonic acid
	141.0 ± 28.5
	156.0 ± 22.9
	79.1 ± 22.3
	88.1 ± 18.6
	1.11
	1.11
	0.371
	0.218
	0.54
	0.85

	31
	Gondoic acid
	0.79 ± 0.25
	0.72 ± 0.12
	0.92 ± 0.31
	0.96 ± 0.37
	0.92
	1.05
	0.679
	0.796
	0.38
	0.15

	32
	Arachidic acid
	0.36 ± 0.08
	0.44 ± 0.02
	0.64 ± 0.16
	0.30 ± 0.11
	1.22
	0.46
	0.099
	0.0021
	0.73
	1.75

	33
	Docosahexaenoic acid
	41.9 ± 10.6
	50.3 ± 17.7
	1.8 ± 0.4
	2.5 ± 0.7
	1.20
	1.40
	0.165
	0.043
	1.29
	1.17

	34
	Docosapentaenoic acid
	2.2 ± 0.3
	2.8 ± 0.6
	1.5 ± 0.5
	1.8 ± 0.9
	1.28
	1.21
	0.040
	0.393
	1.38
	0.47

	35
	Adrenic acid
	22.8 ± 7.1
	31.8 ± 4.8
	10.8 ± 3.2
	10.9 ± 2.6
	1.40
	1.01
	0.028
	0.853
	1.55
	0.27

	36
	Erucic acid
	1.3 ± 0.6
	1.2 ± 0.4
	1.8 ± 0.6
	1.2 ± 0.2
	0.89
	0.67
	1.000
	0.000076
	0.26
	2.13

	37
	Behenic acid
	0.13 ± 0.05
	0.19 ± 0.02
	0.27 ± 0.05
	0.18 ± 0.04
	1.40
	0.67
	0.206
	0.00021
	0.41
	2.08

	Amino acid

	38
	Tryptophan
	56.0 ± 38.7
	94.6 ± 8.8
	12.8 ± 6.8
	11.0 ± 5.0
	1.69
	0.86
	0.040
	0.315
	1.45
	0.71

	39
	Phenylalanine
	31.0 ± 9.9
	29.0 ± 10.0
	9.7 ± 5.6
	11.8 ± 4.2
	0.94
	1.22
	0.513
	0.529
	0.49
	0.38

	40
	Tyrosine
	59.8 ± 31.2
	52.7 ± 2.9
	24.7 ± 8.3
	23.5 ± 11.3
	0.88
	0.95
	0.859
	0.912
	0.04
	0.27

	41
	Leucine
	226.6 ± 29.1
	246.5 ± 47.5
	10.2 ± 2.2
	14.0 ± 2.8
	1.09
	1.38
	0.440
	0.190
	0.63
	0.51

	42
	Isoleucine
	132.8 ± 35.5
	165.0 ± 39.4
	7.0 ± 2.2
	9.9 ± 1.6
	1.24
	1.41
	0.165
	0.089
	0.96
	1.05

	43
	Methionine
	26.1 ± 7.9
	23.0 ± 6.9
	9.2 ± 3.0
	9.7 ± 4.0
	0.88
	1.06
	1.000
	0.481
	0.18
	0.56

	44
	Valine
	63.3 ± 15.7
	82.1 ± 17.1
	19.1 ± 5.5
	21.9 ± 8.5
	1.30
	1.15
	0.099
	0.853
	1.29
	0.05

	45
	Pipecolic acid
	1.0 ± 0.3
	1.2 ± 0.5
	0.51 ± 0.21
	1.08 ± 0.89
	1.17
	2.11
	0.206
	0.0068
	1.14
	1.69

	46
	α-Aminoadipic acid
	1.9 ± 0.8
	2.1 ± 0.6
	0.54 ± 0.18
	0.71 ± 0.37
	1.06
	1.30
	0.310
	0.218
	0.62
	0.75

	47
	GSH
	11.5 ± 5.3
	14.8 ± 7.7
	1.5 ± 0.8
	0.6 ± 0.4
	1.29
	0.36
	0.129
	0.075
	0.67
	0.96

	48
	Glutamic acid
	16.5 ± 5.9
	18.9 ± 4.0
	5.7 ± 3.5
	8.2 ± 3.9
	1.15
	1.46
	0.440
	0.043
	0.30
	1.29

	49
	α-Aminobutyric acid
	4.1 ± 4.8
	1.7 ± 0.5
	0.43 ± 0.24
	0.54 ± 0.41
	0.41
	1.24
	0.310
	0.190
	0.94
	0.93

	50
	Proline
	18.1 ± 6.9
	21.7 ± 8.3
	10.1 ± 2.9
	10.3 ± 2.4
	1.20
	1.02
	0.594
	0.739
	0.63
	0.33

	51
	Threonine
	38.7 ± 20.6
	50.6 ± 11.8
	11.4 ± 3.2
	14.7 ± 6.0
	1.31
	1.29
	0.371
	0.353
	0.88
	0.71

	52
	Hydroxyproline
	8.3 ± 5.3
	8.4 ± 3.5
	2.6 ± 1.1
	3.1 ± 0.8
	1.01
	1.16
	0.953
	0.247
	0.08
	0.83

	53
	Alanine
	110.0 ± 92.9
	172.1 ± 77.7
	36.2 ± 12.2
	31.2 ± 13.8
	1.56
	0.86
	0.371
	0.481
	0.83
	0.41

	54
	Aspartic acid
	2.5 ± 0.7
	2.5 ± 0.4
	1.3 ± 1.0
	0.5 ± 0.1
	1.00
	0.41
	0.859
	0.0089
	0.34
	1.37

	55
	Serine
	17.5 ± 13.6
	25.5 ± 1.5
	9.1 ± 3.1
	9.2 ± 2.9
	1.46
	1.01
	0.254
	0.631
	0.90
	0.52

	56
	Creatinine
	0.76 ± 0.35
	0.35 ± 0.17
	0.80 ± 0.16
	1.14 ± 0.38
	0.46
	1.43
	0.028
	0.0021
	0.67
	1.70

	57
	Glutamine
	116.9 ± 45.5
	144.9 ± 11.8
	307.2 ± 56.9
	304.4 ± 28.5
	1.24
	0.99
	0.129
	1.000
	1.18
	0.29

	58
	Creatine
	151.3 ± 39.2
	160.9 ± 50.8
	83.4 ± 27.6
	81.7 ± 16.7
	1.06
	0.98
	0.768
	0.912
	0.41
	0.01

	59
	Glycine
	41.7 ± 11.2
	40.2 ± 4.7
	18.6 ± 4.6
	15.2 ± 4.5
	0.97
	0.82
	0.768
	0.315
	0.14
	0.52

	60
	Asparagine
	19.8 ± 11.7
	26.6 ± 7.7
	5.3 ± 3.2
	5.5 ± 2.1
	1.35
	1.03
	0.254
	0.853
	0.88
	0.43

	61
	Citrulline
	31.0 ± 30.5
	55.2 ± 9.3
	10.3 ± 3.5
	12.7 ± 5.3
	1.78
	1.24
	0.165
	0.105
	1.43
	1.10

	62
	GSSG
	13.4 ± 3.6
	13.4 ± 2.4
	3.2 ± 8.5
	ND
	1.00
	-
	1.000
	-
	0.09
	-

	63
	1-Methylhistidine
	0.40 ± 0.08
	0.34 ± 0.11
	0.27 ± 0.05
	0.63 ± 0.48
	0.84
	2.37
	0.513
	0.000022
	0.43
	2.20

	64
	Histidine
	18.1 ± 10.8
	26.5 ± 3.0
	6.1 ± 1.5
	6.5 ± 1.9
	1.47
	1.08
	0.165
	0.912
	1.16
	0.31

	65
	3-Methylhistidine
	3.9 ± 8.3
	2.6 ± 0.3
	0.30 ± 0.59
	0.35 ± 0.95
	0.67
	1.16
	0.371
	0.481
	0.76
	0.35

	66
	Lysine
	4.8 ± 7.8
	9.8 ± 6.0
	19.6 ± 5.6
	25.0 ± 9.9
	2.03
	1.27
	0.206
	0.075
	1.14
	0.92

	67
	Methylarginine
	2.7 ± 6.8
	7.4 ± 6.8
	0.071 ± 0.021
	0.088 ± 0.045
	2.72
	1.23
	0.206
	0.218
	0.92
	0.65

	68
	Ornithine
	12.0 ± 9.2
	23.5 ± 12.0
	7.0 ± 4.5
	16.8 ± 13.6
	1.95
	2.40
	0.165
	0.019
	0.80
	1.46

	69
	Arginine
	13.9 ± 17.6
	31.3 ± 13.4
	15.3 ± 4.1
	14.6 ± 10.9
	2.25
	0.95
	0.129
	0.796
	1.41
	0.72

	Kynurenine pathway metabolite

	38
	Tryptophan
	56.0 ± 38.7
	94.6 ± 8.8
	12.8 ± 6.8
	11.0 ± 5.0
	1.69
	0.86
	0.040
	0.315
	1.45
	0.71

	70
	Picolinic acid
	0.053 ± 0.026
	0.057 ± 0.021
	0.029 ± 0.024
	0.027 ± 0.019
	1.07
	0.92
	0.953
	0.971
	0.15
	0.04

	71
	Quinolinic acid
	0.078 ± 0.057
	0.060 ± 0.006
	0.050 ± 0.025
	0.110 ± 0.080
	0.77
	2.19
	0.371
	0.052
	0.76
	0.51

	72
	3-Hydroxykynurenine
	0.012 ± 0.004
	0.010 ± 0.001
	0.010 ± 0.008
	0.007 ± 0.007
	0.81
	0.67
	0.254
	0.064
	0.96
	1.31

	73
	Kynurenine
	0.35 ± 0.17
	0.38 ± 0.12
	0.14 ± 0.06
	0.18 ± 0.11
	1.09
	1.29
	0.768
	0.315
	0.11
	0.65

	74
	3-Hydroxyanthranilic acid
	0.013 ± 0.011
	0.016 ± 0.018
	ND
	ND
	1.26
	-
	0.679
	-
	0.27
	-

	75
	5-Hydroxyindoleacetic acid
	0.043 ± 0.021
	0.039 ± 0.025
	0.032 ± 0.010
	0.051 ± 0.010
	0.91
	1.58
	0.953
	0.011
	0.42
	0.71

	76
	Kynurenic acid
	0.015 ± 0.004
	0.009 ± 0.004
	0.007 ± 0.005
	0.010 ± 0.008
	0.61
	1.48
	0.129
	0.353
	1.27
	0.52

	77
	Anthranilic acid
	0.005 ± 0.001
	0.003 ± 0.001
	ND
	ND
	0.71
	-
	0.075
	-
	1.28
	-

	78
	Serotonin
	0.36 ± 0.74
	0.045 ± 0.013
	0.79 ± 0.59
	0.11 ± 0.17
	0.13
	0.14
	0.099
	0.063
	1.51
	1.10

	Nucleoside

	79
	5,6-Dihydrouridine
	1.8 ± 2.6
	1.2 ± 0.2
	0.80 ± 0.43
	1.01 ± 0.34
	0.68
	1.26
	0.129
	0.190
	1.45
	0.93

	80
	Pseudouridine
	7.1 ± 8.9
	4.6 ± 1.5
	2.1 ± 1.5
	3.4 ± 1.2
	0.65
	1.62
	0.206
	0.052
	1.40
	1.25

	81
	Uridine
	3.4 ± 4.7
	2.5 ± 2.4
	0.91 ± 1.07
	1.31 ± 1.49
	0.76
	1.44
	0.310
	0.684
	0.97
	0.56

	82
	Xanthosine
	0.10 ± 0.07
	0.08 ± 0.06
	ND
	ND
	0.81
	-
	0.513
	-
	0.36
	-

	83
	3-Methyluridine
	0.036 ± 0.040
	0.018 ± 0.005
	ND
	ND
	0.50
	-
	0.019
	-
	1.84
	-

	84
	1-Methylguanosine
	0.045 ± 0.040
	0.020 ± 0.010
	0.012 ± 0.016
	0.014 ± 0.006
	0.45
	1.22
	0.0080
	0.631
	1.96
	0.02

	85
	Cytidine
	2.4 ± 1.4
	2.3 ± 1.3
	0.57 ± 0.71
	0.33 ± 0.40
	0.95
	0.58
	0.953
	0.035
	0.00
	1.37

	86
	N2-Methylguanosine
	0.046 ± 0.043
	0.021 ± 0.013
	0.011 ± 0.013
	0.015 ± 0.006
	0.45
	1.36
	0.0080
	0.393
	2.01
	0.32

	87
	5-Methylcytidine
	0.041 ± 0.027
	0.026 ± 0.012
	0.019 ± 0.006
	0.010 ± 0.006
	0.62
	0.54
	0.019
	0.00049
	1.89
	1.77

	88
	N2,N2-Dimethylguanosine
	0.025 ± 0.015
	0.011 ± 0.002
	0.005 ± 0.004
	0.007 ± 0.002
	0.44
	1.34
	0.0047
	0.529
	2.00
	0.04

	89
	MTA
	0.008 ± 0.011
	0.003 ± 0.001
	0.005 ± 0.004
	0.002 ± 0.002
	0.38
	0.32
	0.019
	0.015
	1.81
	1.47

	90
	N4-Acetylcytidine
	17.4 ± 18.7
	7.3 ± 0.7
	1.7 ± 1.5
	2.5 ± 1.1
	0.42
	1.46
	0.165
	0.063
	1.64
	1.24

	a Values normalized to the corresponding mean value of the WT concentration
b P-value calculated by Wilcoxon rank-sum test
c Variable importance in projection score of PLS-DA



Table S4. Median values of each of 110 metabolites, P-value, and VIP score in urine from 4w and 7w AS model mice.
	No.
	Metabolite
	Concentration
(pg/ng creatinine, Median ± IQR)
	Normalized
valuea
	P-valueb
	VIP scorec

	
	
	4w
(WT)
	4w
(AS)
	7w
(WT)
	7w
(AS)
	4w
(WT vs
AS)
	7w
(WT vs
AS)
	4w
(WT vs
AS)
	7w
(WT vs
AS)
	4w
(WT vs
AS)
	7w
(WT vs
AS)

	Organic acid

	1
	Pyruvic acid
	199.8 ± 55.0
	180.8 ± 55.9
	221.1 ± 82.3
	338.1 ± 130.6
	0.90
	1.53
	0.336
	0.0057
	0.86
	1.48

	2
	3-Hydroxyisovaleric acid
	22.9 ± 6.4
	17.9 ± 5.9
	14.5 ± 3.5
	15.2 ± 2.8
	0.78
	1.05
	0.201
	0.447
	0.68
	0.68

	3
	Acetoacetic acid
	177.2 ± 458.8
	170.2 ± 52.3
	64.6 ± 98.8
	1339.7 ± 1120.0
	0.96
	20.75
	0.781
	0.000022
	0.37
	2.02

	4
	Lactic acid
	588.6 ± 189.3
	1027.9 ± 927.0
	792.5 ± 276.2
	1901.6 ± 4182.7
	1.75
	2.40
	0.019
	0.0021
	1.79
	1.52

	5
	Glycolic acid
	836.3 ± 241.4
	860.9 ± 134.9
	1460.5 ± 684.3
	1202.9 ± 1248.6
	1.03
	0.82
	0.643
	0.549
	0.41
	0.39

	6
	Phenylacetic acid
	48.0 ± 16.0
	42.7 ± 12.8
	61.2 ± 91.9
	59.3 ± 24.5
	0.89
	0.97
	0.439
	0.720
	0.37
	0.49

	7
	Oxalic acid
	689.5 ± 515.3
	726.5 ± 250.6
	929.6 ± 764.4
	825.3 ± 796.0
	1.05
	0.89
	0.369
	0.549
	0.74
	0.45

	8
	2-Hydroxybutyric acid
	22.0 ± 9.3
	18.5 ± 10.2
	17.9 ± 9.5
	19.3 ± 5.7
	0.84
	1.08
	0.336
	0.497
	0.65
	0.39

	9
	3-Hydroxypropionic acid
	115.8 ± 23.0
	124.1 ± 55.9
	143.6 ± 40.3
	143.9 ± 112.2
	1.07
	1.00
	0.516
	0.400
	0.32
	0.78

	10
	2-Hydroxyisovaleric acid
	14.6 ± 3.2
	17.6 ± 10.2
	25.6 ± 12.0
	45.7 ± 33.5
	1.21
	1.79
	0.159
	0.043
	1.31
	0.74

	11
	Malonic acid
	106.6 ± 52.4
	84.9 ± 17.1
	155.7 ± 50.3
	141.5 ± 44.4
	0.80
	0.91
	0.201
	0.720
	0.99
	0.44

	12
	Methylmalonic acid
	15.4 ± 6.8
	13.5 ± 3.9
	23.7 ± 10.6
	25.1 ± 5.8
	0.88
	1.06
	0.439
	0.315
	0.63
	0.66

	13
	2-Hydroxy-3-methylvaleric acid
	24.1 ± 5.1
	30.4 ± 23.5
	45.9 ± 14.6
	50.5 ± 9.5
	1.26
	1.10
	0.201
	0.356
	1.16
	0.06

	14
	Ethylmalonic acid
	63.2 ± 37.0
	28.4 ± 14.2
	39.2 ± 22.2
	49.3 ± 47.6
	0.45
	1.26
	0.019
	0.095
	1.74
	1.12

	15
	Isovalerylglycine
	826.9 ± 160.0
	729.8 ± 284.4
	2838.8 ± 1850.7
	620.8 ± 557.7
	0.88
	0.22
	0.046
	0.000043
	1.11
	2.00

	16
	Succinic acid
	2206.4 ± 747.5
	2288.4 ± 724.2
	3860.9 ± 2658.3
	4088.3 ± 2855.7
	1.04
	1.06
	0.688
	0.968
	0.45
	0.21

	17
	Methylsuccinic acid
	53.1 ± 11.8
	43.1 ± 18.3
	82.5 ± 33.8
	75.4 ± 35.8
	0.81
	0.91
	0.033
	0.720
	1.69
	0.28

	18
	Fumaric acid
	394.8 ± 353.4
	229.8 ± 117.4
	329.3 ± 331.0
	538.9 ± 527.1
	0.58
	1.64
	0.028
	0.278
	1.61
	0.05

	19
	Phenylpyruvic acid
	225.4 ± 178.9
	189.7 ± 154.2
	162.9 ± 150.3
	205.6 ± 351.6
	0.84
	1.26
	0.159
	0.968
	1.18
	0.30

	20
	2-Methylfumaric acid
	17.5 ± 6.9
	14.2 ± 5.1
	26.0 ± 15.6
	16.1 ± 20.4
	0.81
	0.62
	0.109
	0.095
	1.17
	1.13

	21
	Oxaloacetic acid
	592.4 ± 279.7
	613.8 ± 97.9
	738.5 ± 260.1
	1019.0 ± 400.2
	1.04
	1.38
	0.781
	0.010
	0.85
	1.56

	22
	Glutaric acid
	720.8 ± 371.3
	514.2 ± 193.2
	387.3 ± 663.1
	313.7 ± 530.7
	0.71
	0.81
	0.124
	0.661
	0.50
	0.29

	23
	Hexanoylglycine
	108.3 ± 64.4
	68.5 ± 35.6
	487.0 ± 175.2
	165.6 ± 87.1
	0.63
	0.34
	0.159
	0.000022
	1.31
	1.91

	24
	Mandelic acid
	8.1 ± 4.5
	7.7 ± 1.5
	12.7 ± 6.4
	12.0 ± 6.8
	0.96
	0.95
	0.829
	0.113
	0.11
	0.79

	25
	3-Hydroxy-3-methylglutaric acid
	250.9 ± 67.5
	181.9 ± 24.9
	291.1 ± 317.7
	260.5 ± 162.6
	0.72
	0.89
	0.039
	0.842
	1.47
	0.05

	26
	Adipic acid
	265.6 ± 198.9
	154.8 ± 34.9
	206.5 ± 400.4
	237.0 ± 151.4
	0.58
	1.15
	0.083
	0.780
	1.16
	0.33

	27
	3-Methyladipic acid
	7.6 ± 5.6
	5.2 ± 2.8
	16.4 ± 9.3
	11.7 ± 3.1
	0.69
	0.71
	0.016
	0.095
	1.62
	1.04

	28
	α-Ketoglutaric acid
	11389.7 ± 7336.1
	9455.5 ± 3529.0
	14944.0 ± 10228.7
	30680.2 ± 18401.7
	0.83
	2.05
	0.305
	0.133
	0.93
	0.69

	29
	2-Hydroxyphenylacetic acid
	6.2 ± 2.8
	6.4 ± 1.0
	13.5 ± 10.6
	15.4 ± 8.2
	1.03
	1.14
	0.975
	0.549
	0.41
	0.64

	30
	Phenyllactic acid
	38.8 ± 14.9
	39.7 ± 12.1
	16.6 ± 4.4
	25.5 ± 14.6
	1.02
	1.54
	0.734
	0.053
	0.08
	1.27

	31
	3-Hydroxyphenylacetic acid
	10.0 ± 2.3
	7.5 ± 5.0
	24.1 ± 11.3
	21.9 ± 8.8
	0.75
	0.91
	0.141
	0.905
	1.17
	0.03

	32
	4-Hydroxyphenylacetic acid
	10.4 ± 2.6
	7.8 ± 5.3
	25.1 ± 12.4
	22.5 ± 10.1
	0.74
	0.90
	0.159
	0.968
	1.12
	0.01

	33
	Pimelic acid
	50.4 ± 17.3
	39.9 ± 11.9
	63.4 ± 39.5
	94.5 ± 130.3
	0.79
	1.49
	0.053
	0.028
	1.07
	1.35

	34
	Hippuric acid
	1826.6 ± 1695.8
	1168.0 ± 987.3
	3325.7 ± 2676.0
	4360.1 ± 2602.9
	0.64
	1.31
	0.403
	0.604
	0.40
	0.03

	35
	Malic acid
	1099.8 ± 1095.3
	1021.5 ± 341.1
	1127.3 ± 928.9
	1746.2 ± 657.2
	0.93
	1.55
	0.877
	0.133
	0.21
	0.22

	36
	Suberic acid
	19.5 ± 16.6
	10.9 ± 4.8
	17.6 ± 13.8
	30.7 ± 44.8
	0.56
	1.75
	0.016
	0.0030
	1.56
	1.46

	37
	3-Indoleacetic acid
	16.0 ± 3.3
	11.6 ± 3.0
	23.1 ± 12.0
	22.4 ± 8.7
	0.72
	0.97
	0.062
	0.780
	1.14
	0.19

	38
	2-Hydroxyglutaric acid
	562.6 ± 319.7
	483.7 ± 113.3
	678.1 ± 298.4
	802.9 ± 205.1
	0.86
	1.18
	0.369
	0.780
	0.73
	0.11

	39
	Homovanillic acid
	1.7 ± 0.7
	1.4 ± 0.3
	3.2 ± 1.3
	2.8 ± 1.2
	0.85
	0.87
	0.557
	0.842
	0.48
	0.24

	40
	Vanillic acid
	35.1 ± 20.9
	43.6 ± 14.3
	67.2 ± 22.0
	65.3 ± 22.8
	1.24
	0.97
	0.072
	0.968
	0.90
	0.09

	41
	Azelaic acid
	22.9 ± 23.6
	14.9 ± 6.3
	17.2 ± 14.6
	58.6 ± 132.8
	0.65
	3.40
	0.403
	0.0057
	0.76
	1.47

	42
	4-Hydroxyphenylpyruvic acid
	2644.7 ± 2645.7
	1477.9 ± 1561.5
	1191.1 ± 2011.6
	2064.9 ± 3224.3
	0.56
	1.73
	0.053
	0.447
	1.51
	0.33

	43
	cis-Aconitic acid
	649.0 ± 140.5
	552.2 ± 106.7
	1226.5 ± 774.8
	1140.2 ± 894.3
	0.85
	0.93
	0.039
	0.905
	1.19
	0.34

	44
	4-Hydroxymandelic acid
	44.2 ± 12.1
	40.2 ± 8.8
	93.7 ± 30.9
	70.4 ± 32.3
	0.91
	0.75
	0.159
	0.315
	1.01
	0.68

	45
	3-Indolecarboxylic acid
	30.3 ± 17.7
	17.8 ± 6.5
	21.6 ± 14.1
	29.8 ± 6.5
	0.59
	1.38
	0.062
	0.035
	1.37
	1.22

	46
	Vanillylmandelic acid
	2.3 ± 0.8
	1.9 ± 0.6
	2.3 ± 1.0
	4.0 ± 0.7
	0.84
	1.71
	0.336
	0.0057
	0.66
	1.51

	47
	2-Hydroxyhippuric acid
	5.6 ± 2.9
	3.8 ± 1.0
	16.0 ± 13.5
	14.0 ± 5.3
	0.68
	0.88
	0.016
	0.497
	1.77
	0.51

	48
	4-Hydroxyphenyllactic acid
	50.7 ± 23.6
	42.8 ± 10.5
	50.6 ± 33.8
	46.7 ± 15.5
	0.84
	0.92
	0.096
	0.720
	1.10
	0.16

	49
	3-Indolelactic acid
	34.9 ± 27.7
	23.5 ± 6.2
	26.8 ± 15.5
	27.0 ± 22.4
	0.67
	1.00
	0.141
	0.356
	0.83
	0.74

	50
	Citric acid
	19331.5 ± 9937.7
	18172.1 ± 2690.1
	28198.8 ± 15029.6
	27508.9 ± 13778.6
	0.94
	0.98
	0.250
	0.661
	0.99
	0.16

	51
	Isocitric acid
	1173.4 ± 486.9
	938.2 ± 94.1
	1370.9 ± 545.4
	1626.1 ± 519.9
	0.80
	1.19
	0.062
	0.549
	1.23
	0.34

	52
	3-Indoleglyoxylic acid
	25.9 ± 6.7
	17.6 ± 5.6
	27.0 ± 14.3
	32.9 ± 12.1
	0.68
	1.22
	0.0086
	0.400
	1.60
	0.58

	Amino acid

	53
	Tryptophan
	8.7 ± 4.6
	11.4 ± 4.4
	39.8 ± 11.5
	53.4 ± 36.3
	1.32
	1.34
	0.016
	0.133
	1.54
	0.82

	54
	Phenylalanine
	43.4 ± 30.5
	59.2 ± 18.4
	72.5 ± 36.1
	123.1 ± 46.1
	1.36
	1.70
	0.109
	0.0021
	1.18
	1.51

	55
	Tyrosine
	20.5 ± 7.2
	24.2 ± 5.4
	146.7 ± 41.3
	195.7 ± 104.0
	1.18
	1.33
	0.336
	0.156
	0.31
	0.76

	56
	Leucine
	31.5 ± 16.3
	48.4 ± 32.5
	138.0 ± 84.1
	135.8 ± 57.6
	1.54
	0.98
	0.305
	0.661
	0.88
	0.54

	57
	Isoleucine
	20.1 ± 9.2
	25.3 ± 17.9
	39.2 ± 11.8
	39.7 ± 30.7
	1.26
	1.01
	1.000
	0.720
	0.23
	0.02

	58
	Methionine
	30.0 ± 25.1
	55.4 ± 23.1
	191.6 ± 243.5
	156.7 ± 251.6
	1.85
	0.82
	0.062
	0.661
	1.37
	0.37

	59
	Valine
	16.9 ± 5.9
	26.0 ± 12.5
	64.7 ± 46.5
	57.7 ± 63.2
	1.54
	0.89
	0.277
	0.842
	0.70
	0.00

	60
	α-Aminoadipic acid
	ND
	ND
	28.2 ± 32.1
	20.8 ± 12.0
	-
	0.74
	-
	0.549
	-
	0.45

	61
	Pipecolic acid
	118.3 ± 60.9
	119.3 ± 49.4
	416.0 ± 73.4
	271.2 ± 180.8
	1.01
	0.65
	0.403
	0.017
	1.00
	1.00

	62
	Glutamic acid
	2.2 ± 2.4
	4.8 ± 4.5
	261.5 ± 224.5
	554.7 ± 603.2
	2.14
	2.12
	0.023
	0.022
	1.53
	1.28

	63
	Proline
	13.9 ± 5.8
	30.6 ± 25.6
	45.8 ± 13.3
	138.8 ± 116.9
	2.20
	3.03
	0.019
	0.000087
	1.57
	1.89

	64
	Threonine
	8.6 ± 6.5
	9.3 ± 9.2
	94.2 ± 80.3
	111.8 ± 24.2
	1.08
	1.19
	0.926
	0.447
	0.37
	0.53

	65
	Hydroxyproline
	2.2 ± 3.5
	3.9 ± 1.6
	22.1 ± 14.1
	28.8 ± 63.4
	1.78
	1.31
	0.336
	0.661
	0.29
	0.62

	66
	Alanine
	15.7 ± 7.7
	33.3 ± 11.5
	93.5 ± 33.7
	232.2 ± 240.1
	2.12
	2.48
	0.028
	0.000022
	1.63
	1.85

	67
	Aspartic acid
	ND
	ND
	47.7 ± 12.6
	46.9 ± 38.1
	-
	0.98
	-
	0.780
	-
	0.20

	68
	Homoserine
	1.0 ± 0.3
	0.8 ± 0.4
	18.0 ± 2.8
	16.9 ± 4.8
	0.85
	0.94
	0.336
	0.497
	0.78
	0.46

	69
	Serine
	1.6 ± 1.0
	1.3 ± 1.1
	59.2 ± 26.4
	29.3 ± 52.5
	0.82
	0.49
	0.439
	0.182
	0.86
	0.78

	70
	Glutamine
	22.2 ± 20.3
	15.9 ± 11.5
	1199.3 ± 617.4
	641.2 ± 1772.6
	0.72
	0.53
	0.201
	0.400
	0.80
	1.03

	71
	Creatine
	610.0 ± 677.4
	653.5 ± 186.0
	5540.3 ± 1948.5
	4803.8 ± 1100.5
	1.07
	0.87
	0.975
	0.133
	0.03
	0.84

	72
	Asparagine
	3.3 ± 2.9
	3.4 ± 3.6
	86.6 ± 42.8
	74.7 ± 33.0
	1.04
	0.86
	0.336
	0.447
	0.80
	0.42

	73
	β-Aminoisobutyric acid
	3.6 ± 5.8
	1.9 ± 1.2
	74.9 ± 43.1
	36.2 ± 13.3
	0.54
	0.48
	0.039
	0.010
	1.36
	1.27

	74
	Citrulline
	0.43 ± 0.49
	0.48 ± 0.33
	19.3 ± 19.7
	36.7 ± 25.7
	1.11
	1.90
	0.975
	0.028
	0.27
	1.38

	75
	β-Alanine
	5.3 ± 4.0
	2.8 ± 1.1
	100.6 ± 23.6
	92.1 ± 48.8
	0.53
	0.92
	0.0055
	0.278
	1.83
	0.70

	76
	γ-Aminobutyric acid
	10.7 ± 9.0
	8.3 ± 4.3
	115.2 ± 89.0
	72.9 ± 136.8
	0.78
	0.63
	0.224
	0.400
	1.00
	0.38

	77
	1-Methylhistidine
	13.6 ± 8.1
	17.4 ± 5.7
	66.5 ± 7.6
	56.7 ± 6.1
	1.28
	0.85
	0.439
	0.022
	0.60
	1.02

	78
	Histidine
	1.1 ± 1.2
	1.6 ± 1.3
	54.8 ± 18.4
	46.4 ± 33.5
	1.45
	0.85
	0.336
	0.780
	0.59
	0.34

	79
	3-Methylhistidine
	29.8 ± 14.0
	63.5 ± 77.8
	101.5 ± 270.4
	135.3 ± 33.6
	2.13
	1.33
	0.053
	0.720
	1.12
	0.33

	80
	Lysine
	0.51 ± 0.24
	0.32 ± 0.22
	94.0 ± 22.7
	110.7 ± 79.4
	0.64
	1.18
	0.141
	0.497
	1.17
	0.45

	81
	Ornithine
	ND
	ND
	56.8 ± 36.5
	86.1 ± 48.9
	-
	1.52
	-
	0.243
	-
	0.44

	82
	Arginine
	ND
	ND
	90.3 ± 67.0
	79.2 ± 84.3
	-
	0.88
	-
	0.905
	-
	0.27

	Kynurenine pathway metabolite

	53
	Tryptophan
	8.7 ± 4.6
	11.4 ± 4.4
	39.8 ± 11.5
	53.4 ± 36.3
	1.32
	1.34
	0.016
	0.133
	1.54
	0.82

	83
	Picolinic acid
	4.1 ± 3.2
	6.0 ± 3.6
	1.3 ± 1.1
	4.9 ± 4.7
	1.46
	3.67
	0.250
	0.0076
	0.53
	1.37

	84
	Quinolinic acid
	ND
	ND
	110.2 ± 81.6
	445.0 ± 184.6
	-
	4.04
	-
	0.000022
	-
	1.98

	85
	3-Hydroxykynurenine
	0.52 ± 0.40
	0.42 ± 0.17
	ND
	ND
	0.80
	-
	0.336
	-
	0.46
	-

	86
	5-Hydroxytryptophan
	0.61 ± 0.60
	0.52 ± 0.13
	1.1 ± 0.2
	1.3 ± 0.6
	0.85
	1.20
	0.369
	0.053
	0.53
	1.11

	87
	Kynurenine
	0.39 ± 0.34
	0.38 ± 0.24
	0.30 ± 0.19
	0.63 ± 0.68
	0.97
	2.10
	0.734
	0.113
	0.36
	0.74

	88
	3-Hydroxyanthranilic acid
	6.1 ± 4.5
	2.9 ± 0.9
	10.4 ± 2.4
	15.2 ± 5.2
	0.47
	1.47
	0.096
	0.0030
	1.29
	1.60

	89
	Xanthurenic acid
	62.8 ± 21.9
	44.6 ± 24.8
	844.3 ± 383.3
	323.0 ± 186.2
	0.71
	0.38
	0.028
	0.0041
	1.33
	1.50

	90
	5-Hydroxyindoleacetic acid
	37.8 ± 29.2
	18.1 ± 12.4
	194.1 ± 99.8
	388.6 ± 91.4
	0.48
	2.00
	0.039
	0.00041
	1.49
	1.85

	91
	Kynurenic acid
	34.6 ± 15.9
	21.4 ± 3.5
	104.9 ± 67.5
	79.5 ± 23.8
	0.62
	0.76
	0.072
	0.780
	1.06
	0.09

	92
	Anthranilic acid
	0.53 ± 0.34
	0.55 ± 0.84
	0.72 ± 0.56
	1.57 ± 6.57
	1.04
	2.17
	0.403
	0.017
	0.80
	1.45

	93
	Serotonin
	0.66 ± 0.77
	0.48 ± 0.29
	0.22 ± 0.07
	0.36 ± 0.15
	0.73
	1.63
	0.277
	0.095
	0.73
	0.97

	Nucleoside

	94
	5,6-Dihydrouridine
	607.7 ± 293.8
	497.8 ± 81.2
	900.0 ± 323.8
	483.2 ± 147.4
	0.82
	0.54
	0.369
	0.0010
	0.52
	1.71

	95
	Pseudouridine
	643.0 ± 690.1
	455.9 ± 85.8
	1676.0 ± 624.1
	1050.6 ± 294.4
	0.71
	0.63
	0.439
	0.017
	0.55
	1.18

	96
	Uridine
	11.6 ± 4.6
	10.5 ± 3.4
	31.9 ± 22.7
	9.7 ± 19.6
	0.91
	0.31
	0.643
	0.0048
	0.01
	1.57

	97
	Inosine
	22.3 ± 18.3
	23.4 ± 16.8
	39.0 ± 60.0
	11.7 ± 46.7
	1.05
	0.30
	0.877
	0.182
	0.22
	1.14

	98
	5-Methyluridine
	ND
	ND
	1.0 ± 0.48
	0.79 ± 0.48
	-
	0.76
	-
	0.278
	-
	0.58

	99
	Guanosine
	8.3 ± 9.2
	10.9 ± 8.1
	13.1 ± 10.3
	8.3 ± 7.3
	1.32
	0.63
	0.224
	0.020
	0.80
	1.42

	100
	Xanthosine
	6.8 ± 17.8
	4.1 ± 2.3
	41.6 ± 14.7
	23.2 ± 19.4
	0.61
	0.56
	0.250
	0.028
	0.90
	1.18

	101
	3-Methyluridine
	9.0 ± 2.1
	7.2 ± 1.8
	8.1 ± 1.6
	3.7 ± 3.4
	0.81
	0.46
	0.062
	0.00041
	1.15
	1.37

	102
	1-Methylguanosine
	34.1 ± 36.8
	28.7 ± 6.0
	23.9 ± 8.2
	10.5 ± 11.2
	0.84
	0.44
	0.403
	0.0037
	0.49
	1.47

	103
	Cytidine
	1.2 ± 1.1
	1.7 ± 0.4
	5.7 ± 8.2
	4.0 ± 10.3
	1.40
	0.71
	0.305
	0.497
	1.02
	0.34

	104
	2-Methylguanosine
	4.6 ± 5.1
	3.3 ± 1.0
	1.5 ± 0.7
	ND
	0.71
	-
	0.557
	-
	0.38
	-

	105
	Adenosine
	9.0 ± 8.6
	11.7 ± 8.8
	22.8 ± 11.5
	ND
	1.30
	-
	0.549
	-
	0.61
	-

	106
	N2,N2-Dimethylguanosine
	14.8 ± 9.0
	9.0 ± 2.3
	33.2 ± 23.4
	6.6 ± 6.8
	0.61
	0.20
	0.141
	0.00049
	0.83
	1.81

	107
	1-Methyladenosine
	0.17 ± 0.12
	0.15 ± 0.45
	ND
	ND
	0.86
	-
	0.975
	-
	0.63
	-

	108
	N6-Methyladenosine
	0.16 ± 0.11
	0.15 ± 0.40
	ND
	ND
	0.91
	-
	1.000
	-
	0.63
	-

	109
	MTA
	1.1 ± 1.6
	0.60 ± 0.40
	11.5 ± 14.4
	8.3 ± 2.4
	0.55
	0.72
	0.336
	0.315
	0.48
	0.83

	110
	N4-Acetylcytidine
	442.8 ± 188.0
	333.6 ± 109.0
	693.5 ± 276.1
	154.8 ± 480.9
	0.75
	0.22
	0.305
	0.0030
	0.66
	1.50

	a Values normalized to the corresponding mean value of the WT concentration
b P-value calculated by Wilcoxon rank-sum test
c Variable importance in projection score of PLS-DA





Table S5. MRM transitions and collision energies of 130 metabolites and 2 internal standards analyzed by GC-MS/MS
	No.
	Metabolite
	Transition 1a
(m/z)
	CE 1c
(V)
	Transition 2b
(m/z)
	CE 2c
(V)
	Transition 3b
(m/z)
	CE 3c
(V)

	1
	3-Hydroxybutyric acid
	275>159
	5
	233>147
	15
	233>189
	5

	2
	Pyruvic acid
	174>74
	15
	174>89
	10
	216>174
	5

	3
	3-Hydroxyisovaleric acid
	175>117
	5
	175>75
	20
	157>113
	5

	4
	3-Hydroxyisobutyric acid
	275>73
	25
	275>147
	20
	317>73
	25

	5
	Acetoacetic acid
	188>89
	9
	188>75
	12
	188>59
	21

	6
	Lactic acid
	261>147
	15
	233>147
	15
	189>147
	10

	7
	Glycolic acid
	247>147
	15
	189>147
	10
	219>147
	15

	8
	Phenylacetic acid
	193>75
	15
	165>137
	5
	193>165
	5

	9
	Oxalic acid
	189>147
	5
	189>73
	25
	261>73
	15

	10
	2-Hydroxybutyric acid
	275>147
	15
	247>147
	15
	189>147
	5

	11
	3-Hydroxypropionic acid
	261>147
	15
	219>147
	15
	219>189
	5

	12
	2-Hydroxyisovaleric acid
	261>147
	15
	289>147
	20
	261>189
	5

	13
	Ethyladipic acid
	231>155
	10
	231>75
	20
	171>75
	10

	14
	Malonic acid
	275>73
	20
	275>147
	10
	189>147
	10

	15
	Methylmalonic acid
	289>189
	5
	289>147
	10
	289>73
	15

	16
	2-Hydroxyisocaproic acid
	275>147
	20
	303>147
	20
	219>147
	15

	17
	2-Hydroxy-3-methylvaleric acid
	275>147
	15
	303>147
	15
	303>275
	5

	18
	Ethylmalonic acid
	303>189
	5
	303>147
	15
	303>73
	20

	19
	Isovalerylglycine
	216>57
	20
	216>85
	10
	216>132
	5

	20
	Succinic acid
	289>147
	10
	289>189
	5
	331>189
	5

	21
	Methylsuccinic acid
	303>147
	10
	189>147
	5
	303>73
	20

	22
	Fumaric acid
	287>147
	15
	245>147
	10
	329>287
	10

	23
	2-Methylfumaric acid
	301>73
	20
	301>147
	10
	301>115
	20

	24
	Oxaloacetic acid
	332>147
	10
	332>98
	10
	332>73
	30

	25
	Glutaric acid
	303>147
	10
	303>73
	20
	189>147
	5

	26
	3-Methylglutaric acid
	317>147
	10
	317>73
	20
	289>147
	10

	27
	Hexanoylglycine
	230>71
	15
	230>99
	10
	230>132
	5

	28
	Mandelic acid
	295>147
	15
	323>147
	20
	323>295
	5

	29
	3-Hydroxy-3-methylglutaric acid
	315>73
	25
	315>147
	15
	315>183
	10

	30
	Adipic acid
	317>73
	25
	317>141
	10
	317>185
	5

	31
	3-Methyladipic acid
	331>73
	25
	331>155
	10
	331>125
	10

	32
	α-Ketoglutaric acid
	346>156
	10
	346>147
	10
	346>73
	25

	33
	2-Indolecarboxylic acid
	218>174
	10
	218>144
	25
	174>146
	15

	34
	2-Hydroxyphenylacetic acid
	323>147
	15
	323>239
	10
	323>73
	25

	35
	Phenyllactic acid
	309>147
	20
	337>147
	20
	309>189
	5

	36
	3-Hydroxyphenylacetic acid
	323>205
	10
	323>75
	25
	281>147
	10

	37
	Phenylpyruvic acid
	189>147
	5
	335>147
	20
	189>73
	25

	38
	4-Hydroxyphenylacetic acid
	323>205
	10
	323>73
	30
	281>147
	10

	39
	Pimelic acid
	331>73
	20
	331>155
	10
	331>125
	10

	40
	Hippuric acid
	236>105
	15
	236>77
	30
	248>73
	15

	41
	Malic acid
	419>115
	10
	419>73
	20
	287>73
	20

	42
	Suberic acid
	345>73
	20
	345>149
	10
	345>109
	10

	43
	3-Indoleacetic acid
	232>188
	10
	232>130
	25
	232>75
	20

	44
	2-Hydroxyglutaric acid
	433>245
	15
	433>147
	25
	331>171
	10

	45
	Homovanillic acid
	353>281
	15
	281>253
	10
	281>75
	20

	46
	Vanillic acid
	339>267
	15
	267>223
	10
	267>193
	20

	47
	Azelaic acid
	359>73
	25
	359>149
	15
	359>123
	10

	48
	3-Indolepropionic acid
	246>117
	10
	246>75
	25
	246>130
	25

	49
	4-Hydroxyphenylpyruvic acid
	380>264
	20
	380>89
	15
	380>73
	25

	50
	cis-Aconitic acid
	459>147
	20
	459>73
	25
	327>73
	20

	51
	3-Indolebutyric acid
	260>75
	15
	260>242
	10
	317>260
	10

	52
	4-Hydroxymandelic acid
	351>73
	20
	425>147
	20
	453>147
	25

	53
	Tartaric acid
	549>147
	30
	549>73
	30
	549>115
	15

	54
	Phytanic acid
	369>75
	25
	369>145
	15
	369>81
	15

	55
	3-Indolecarboxylic acid
	332>288
	15
	288>73
	25
	332>73
	30

	56
	Homogentisic acid
	453>147
	25
	453>73
	25
	453>327
	20

	57
	Vanillylmandelic acid
	455>147
	20
	483>147
	30
	483>455
	15

	58
	Protocatechuic acid
	439>73
	25
	439>395
	20
	439>365
	25

	59
	2-Hydroxyhippuric acid
	366>206
	20
	235>161
	15
	366>235
	10

	60
	4-Hydroxyphenyllactic acid
	467>439
	5
	467>147
	25
	439>147
	20

	61
	3-Indolelactic acid
	348>147
	25
	348>216
	15
	376>147
	30

	62
	Citric acid
	459>147
	20
	591>73
	35
	431>147
	30

	63
	Isocitric acid
	459>147
	20
	591>147
	35
	591>73
	35

	64
	5-Hydroxyindoleacetic acid
	362>244
	15
	419>244
	25
	419>362
	10

	65
	3-Indoleglyoxylic acid
	258>73
	20
	360>73
	25
	360>147
	20

	66
	3,4-Dihydroxymandelic acid
	555>147
	30
	583>147
	35
	583>555
	15

	67
	Hydroxyhippuric acid
	196>121
	-13
	196>65
	-36
	196>93
	-27

	68
	Hippuric acid
	180>105
	-13
	180>77
	-31
	180>51
	-53

	69
	Caproic acid
	173>131
	5
	173>75
	15
	131>75
	5

	70
	Enanthic acid
	187>75
	12
	187>131
	6
	187>95
	6

	71
	Caprylic acid
	201>131
	5
	201>75
	15
	131>75
	5

	72
	Pelargonic acid
	215>75
	15
	215>131
	6
	215>81
	9

	73
	Capric acid
	229>131
	5
	229>75
	20
	131>75
	10

	74
	Undecylic acid
	243>75
	18
	243>131
	9
	243>95
	9

	75
	Lauric acid
	257>131
	10
	257>75
	20
	131>75
	10

	76
	Tridecylic acid
	271>75.
	21
	271>131
	9
	271>95
	9

	77
	Myristoleic acid
	283>131
	10
	283>75
	25
	131>75
	10

	78
	Myristic acid
	285>131
	10
	285>75
	20
	131>75
	10

	79
	Palmitoleic acid
	311>131
	10
	311>75
	20
	131>75
	10

	80
	Palmitic acid
	313>131
	10
	313>75
	25
	131>75
	10

	81
	Margaric acid
	327>75
	21
	327>131
	12
	327>95
	12

	82
	γ-Linolenic acid
	335>243
	5
	335>75
	20
	335>91
	25

	83
	Linoleic acid
	337>131
	15
	337>75
	25
	131>75
	10

	84
	Oleic acid
	339>131
	10
	339>75
	25
	131>75
	10

	85
	α-Linolenic acid
	335>75
	30
	131>75
	5
	131>91
	15

	86
	Stearic acid
	341>131
	10
	341>75
	20
	131>75
	10

	87
	Nonadecylic acid
	355>75
	24
	355>131
	12
	355>95
	12

	88
	Eicosapentaenoic acid
	359>75
	30
	171>75
	20
	131>91
	20

	89
	Arachidonic acid
	361>269
	5
	361>131
	10
	361>75
	30

	90
	Eicosadienoic acid
	365>75
	25
	365>131
	15
	365>81
	15

	91
	Gondoic acid
	367>131
	10
	367>75
	20
	131>75
	10

	92
	Arachidic acid
	369>131
	15
	369>75
	25
	131>75
	10

	93
	Heneicosylic acid
	383>75
	24
	383>131
	12
	383>95
	15

	94
	Docosahexaenoic acid
	385>75
	24
	385>169
	12
	-
	-

	95
	Docosapentaenoic acid
	387>75
	20
	387>131
	15
	131>91
	15

	96
	Docosatetraenoic acid
	389>75
	25
	389>131
	15
	389>105
	30

	97
	Erucic acid
	395>131
	15
	395>75
	30
	131>75
	10

	98
	Behenic acid
	397>131
	10
	397>75
	20
	131>75
	10

	99
	Tricosylic acid
	411>75
	24
	411>131
	15
	411>95
	15

	100
	Nervonic acid
	423>131
	15
	423>75
	25
	131>75
	10

	101
	Lignoceric acid
	425>131
	10
	425>75
	25
	131>75
	10

	102
	Pentacosylic acid
	439>75
	24
	439>131
	15
	439>95
	15

	103
	Cerotic acid
	453>131
	15
	453>75
	25
	131>75
	10

	104
	Heptacosylic acid
	467>75
	24
	467>131
	18
	467>95
	18

	105
	Montanic acid
	481>75
	25
	481>131
	20
	481>95
	15

	106
	Nonacosylic acid
	495>75
	27
	495>131
	21
	495>95
	21

	107
	10-Methylundecanoic acid
	257>75
	20
	257>131
	10
	257>95
	10

	108
	11-Methyldodecanoic acid
	271>75
	20
	271>131
	10
	271>81
	10

	109
	12-Methyltridecanoic acid
	285>75
	20
	285>131
	10
	285>95
	10

	110
	13-Methyltetradecanoic acid
	299>75
	20
	299>131
	10
	299>95
	10

	111
	14-Methylpentadecanoic acid
	313>75
	20
	313>131
	10
	313>95
	10

	112
	16-Methylheptadecanoic acid
	341>75
	25
	341>131
	10
	341>95
	10

	113
	17-Methyloctadecanoic acid
	355>75
	25
	355>131
	15
	355>95
	15

	114
	18-Methylnonadecanoic acid
	369>75
	25
	369>131
	15
	369>95
	15

	115
	19-Methyleicosanoic acid
	383>75
	25
	383>131
	15
	383>95
	15

	116
	2-Hydroxyhexanoic acid
	275>147
	15
	303>147
	15
	201>73
	15

	117
	2-Hydroxyoctanoic acid
	303>147
	15
	331>147
	20
	229>73
	15

	118
	2-Hydroxydecanoic acid
	331>147
	15
	359>147
	25
	257>73
	15

	119
	2-Hydroxytetradecanoic acid
	415>147
	25
	387>147
	15
	313>73
	15

	120
	2-Hydroxyhexadecanoic acid
	443>147
	25
	415>147
	15
	341>73
	20

	121
	2-Hydroxyoctadecanoic acid
	471>147
	25
	443>147
	25
	369>73
	20

	122
	2-Hydroxydocosanoic acid
	527>147
	30
	499>147
	20
	425>73
	20

	123
	3-Hydroxyoctanoic acid
	215>73
	15
	215>159
	5
	289>147
	15

	124
	3-Hydroxydecanoic acid
	243>73
	15
	317>147
	15
	359>147
	30

	125
	3-Hydroxyundecanoic acid
	257>73
	20
	331>147
	15
	373>147
	30

	126
	3-Hydroxydodecanoic acid
	271>73
	30
	345>147
	15
	387>147
	30

	127
	3-Hydroxytridecanoic acid
	285>73
	20
	359>147
	15
	401>147
	30

	128
	3-Hydroxytetradecanoic acid
	299>73
	20
	415>147
	30
	373>147
	20

	129
	3-Hydroxyhexadecanoic acid
	327>73
	30
	443>147
	30
	401>147
	30

	130
	3-Hydroxyoctadecanoic acid
	355>73
	20
	471>147
	30
	429>147
	25

	IS

	1
	3,4-Dimethoxybenzoic acid
	239>195
	10
	239>165
	15
	195>179
	20

	2
	Pentadecanoic acid
	299>131
	10
	299>75
	20
	131>75
	10

	a Quantitative ion
b Qualitative ion
c Collision energy (V)

	





Table S6. MRM transitions and collision energies of 75 metabolites and 3 internal standards analyzed by LC-MS/MS
	No.
	Metabolite
	Transition 1a
(m/z)
	Con voltageb (V)
	CE 1c
(V)
	Con voltageb (V)
	Transition 2e
(m/z)
	Con voltageb (V)
	CE 2c
(V)
	Con voltageb (V)
	Transition 3e
(m/z)
	Con voltageb(V)
	CE 3c
(V)
	Con voltageb(V)

	1
	Phenylalanine
	166>120
	-20
	-15
	-20
	166>103
	-20
	-25
	-20
	166>77
	-11
	-39
	-21

	2
	Tryptophan
	205>188
	-20
	-10
	-20
	205>146
	-20
	-15
	-20
	205>118
	-23
	-25
	-21

	3
	Leucine
	132>86
	-20
	-10
	-20
	132>44
	-13
	-22
	-20
	132>43
	-13
	-23
	-18

	4
	Threo-3-phenylserine
	182>91
	-10
	-27
	-20
	182>118
	-10
	-15
	-13
	182>164
	-10
	-10
	-19

	5
	Isoleucine
	132>86
	-20
	-10
	-20
	132>69
	-20
	-16
	-30
	132>44
	-14
	-22
	-18

	6
	Methionine
	150>56
	-16
	-16
	-20
	150>104
	-15
	-11
	-21
	150>61
	-15
	-22
	-21

	7
	Proline
	116>70
	-20
	-15
	-20
	116>43
	-18
	-29
	-19
	116>42
	-19
	-55
	-19

	8
	Pipecolic acid
	130>84
	-20
	-15
	-20
	130>56
	-20
	-28
	-24
	130>67
	-13
	-26
	-15

	9
	Valine
	118>72
	-20
	-10
	-20
	118>55
	-18
	-21
	-20
	118>57
	-18
	-28
	-13

	10
	5-Hydroxytryptophan
	221>204
	-11
	-10
	-15
	221>162
	-12
	-17
	-18
	221>134
	-12
	-24
	-15

	11
	Tyrosine
	182>91
	-12
	-27
	-18
	182>136
	-12
	-12
	-15
	182>165
	-19
	-11
	-18

	12
	Homocysteine
	136>90
	-13
	-10
	-11
	136>56
	-13
	-17
	-12
	136>47
	-13
	-27
	-10

	13
	Cysteine
	122>59
	-12
	-22
	-13
	122>76
	-20
	-13
	-17
	122>87
	-12
	-12
	-11

	14
	α-Aminobutyric acid
	104>58
	-15
	-11
	-20
	104>41
	-11
	-21
	-17
	104>43
	-11
	-30
	-18

	15
	4-Hydroxyproline
	132>86
	-20
	-14
	-22
	132>68
	-21
	-19
	-15
	132>41
	-14
	-28
	-17

	16
	β-Aminoisobutyric acid
	104>86
	-11
	-10
	-21
	104>30
	-10
	-12
	-13
	104>57
	-11
	-15
	-23

	17
	Alanine
	90>44
	-10
	-11
	-19
	90>45
	-10
	-31
	-18
	90>27
	-14
	-33
	-30

	18
	Threonine
	120>74
	-12
	-11
	-17
	120>56
	-12
	-15
	-12
	120>102
	-12
	-11
	-12

	19
	Creatine
	132>90
	-10
	-13
	-17
	132>87
	-16
	-16
	-10
	132>114
	-16
	-15
	-13

	20
	Homoserine
	120>74
	-14
	-12
	-14
	120>56
	-15
	-17
	-23
	-
	-
	-
	-

	21
	γ-Aminobutyric acid
	104>87
	-11
	-11
	-19
	104>45
	-11
	-22
	-19
	104>69
	-11
	-15
	-15

	22
	N-Methyl-DL-aspartic acid
	148>88
	-20
	-10
	-20
	148>102
	-16
	-12
	-21
	148>42
	-16
	-24
	-20

	23
	Glycine
	76>30
	-30
	-12
	-14
	76>58
	-30
	-17
	-14
	76>31
	-13
	-29
	-13

	24
	β-Alanine
	90>72
	-13
	-11
	-15
	90>30
	-13
	-12
	-30
	90>45
	-13
	-38
	-17

	25
	α-Aminoadipic acid
	162>98
	-16
	-14
	-20
	162>55
	-16
	-25
	-11
	162>116
	-16
	-11
	-13

	26
	Serine
	106>60
	-11
	-11
	-13
	106>42
	-18
	-22
	-19
	106>88
	-11
	-10
	-11

	27
	Glutamine
	147>84
	-15
	-16
	-10
	147>130
	-15
	-12
	-28
	-
	-
	-
	-

	28
	Glutamic acid
	148>84
	-20
	-15
	-20
	148>102
	-15
	-11
	-12
	148>130
	-15
	-12
	-15

	29
	Asparagine
	133>74
	-13
	-15
	-17
	133>87
	-20
	-9
	-21
	133>88
	-14
	-11
	-11

	30
	Aspartic acid
	134>74
	-13
	-13
	-21
	134>88
	-14
	-9
	-11
	134>70
	-14
	-16
	-15

	31
	GSH
	308>179
	-12
	-12
	-13
	308>76
	-12
	-22
	-15
	308>162
	-12
	-16
	-12

	32
	Citrulline
	176>70
	-18
	-22
	-22
	176>159
	-18
	-11
	-12
	176>113
	-18
	-15
	-24

	33
	1-Methylhistidine
	170>124
	-10
	-14
	-14
	170>81
	-19
	-41
	-16
	170>83
	-19
	-23
	-10

	34
	Histidine
	156>110
	-20
	-15
	-20
	156>83
	-16
	-24
	-10
	156>93
	-16
	-23
	-11

	35
	GSSG
	613>355
	-26
	-22
	-14
	613>231
	-24
	-34
	-17
	613>484
	-24
	-16
	-19

	36
	3-Methylhistidine
	170>96
	-20
	-21
	-11
	170>95
	-20
	-30
	-11
	170>109
	-11
	-15
	-12

	37
	NG-Methylarginine
	189>70
	-10
	-23
	-14
	189>116
	-10
	-15
	-13
	189>74
	-10
	-14
	-15

	38
	Lysine
	147>84
	-19
	-15
	-20
	147>130
	-10
	-12
	-30
	-
	-
	-
	-

	39
	Ornithine
	133>70
	-13
	-17
	-20
	133>116
	-13
	-13
	-27
	133>43
	-13
	-30
	-19

	40
	γ-Hydroxylysine
	163>128
	-20
	-13
	-14
	163>82
	-19
	-17
	-16
	163>55
	-17
	-25
	-24

	41
	Arginine
	175>70
	-22
	-25
	-22
	175>60
	-11
	-12
	-13
	175>116
	-11
	-12
	-13

	42
	Pyroglutamic acid
	128>84
	17
	15
	10
	128>82
	15
	20
	22
	-
	-
	-
	-

	43
	Creatinine
	114>86
	-12
	-13
	-17
	114>72
	-13
	-16
	-14
	114>55
	-14
	-55
	-23

	44
	Homophenylalanine
	180>91
	-10
	-26
	-19
	180>134
	-10
	-12
	-15
	180>117
	-10
	-16
	-13

	45
	N4-Acetylcytidine
	286>154
	-15
	-11
	-17
	286>112
	-15
	-25
	-24
	286>95
	-16
	-50
	-19

	46
	5,6-Dihydrouridine
	247>115
	-12
	-9
	-13
	247>97
	-12
	-21
	-11
	247>133
	-11
	-9
	-15

	47
	Pseudouridine
	245>209
	-13
	-9
	-15
	245>125
	-13
	-15
	-14
	245>191
	-12
	-13
	-21

	48
	Cytidine
	244>112
	-13
	-12
	-13
	244>95
	-13
	-39
	-19
	244>69
	-10
	-38
	-29

	49
	Uridine
	245>113
	-13
	-10
	-13
	245>70
	-13
	-34
	-28
	245>96
	-30
	-33
	-20

	50
	5-Methylcytidine
	258>126
	-12
	-13
	-24
	258>109
	-12
	-37
	-12
	258>108
	-12
	-35
	-12

	51
	Inosine
	269>137
	-30
	-11
	-15
	269>110
	-30
	-39
	-12
	269>119
	-30
	-39
	-24

	52
	Guanosine
	284>152
	-14
	-14
	-17
	284>135
	-15
	-35
	-15
	284>110
	-30
	-39
	-12

	53
	5-Methyluridine
	259>127
	-14
	-11
	-14
	259>110
	-14
	-31
	-12
	259>84
	-14
	-34
	-18

	54
	Xanthosine
	285>153
	-15
	-9
	-17
	285>136
	-14
	-26
	-15
	285>133
	-15
	-11
	-15

	55
	N2-Methylguanosine
	298>166
	-14
	-14
	-19
	298>149
	-14
	-32
	-16
	298>110
	-13
	-39
	-12

	56
	3-Methyluridine
	259>127
	-12
	-10
	-14
	259>96
	-12
	-37
	-11
	259>70
	-13
	-36
	-14

	57
	1-Methylguanosine
	298>166
	-15
	-16
	-19
	298>149
	-15
	-34
	-16
	298>135
	-16
	-41
	-29

	58
	Adenosine
	268>136
	-14
	-18
	-15
	268>119
	-14
	-44
	-13
	268>92
	-20
	-55
	-17

	59
	N2,N2-Dimethylguanosine
	312>180
	-15
	-14
	-20
	312>110
	-15
	-39
	-22
	312>135
	-15
	-38
	-15

	60
	1-Methyladenosine
	282>150
	-14
	-19
	-17
	282>123
	-13
	-41
	-14
	282>108
	-13
	-54
	-12

	61
	N6-Methyladenosine
	282>150
	-13
	-19
	-17
	282>123
	-12
	-41
	-14
	282>108
	-13
	-55
	-12

	62
	5'-Deoxy-5'-methylthioadenosine
	298>136
	-15
	-19
	-15
	298>119
	-15
	-47
	-13
	298>61
	-16
	-33
	-26

	63
	Picolinic acid
	124>78
	-11
	-21
	-17
	124>106
	-12
	-13
	-12
	124>51
	-11
	-35
	-21

	64
	Quinolinic acid
	168>78
	-10
	-22
	-16
	168>150
	-10
	-11
	-17
	168>106
	-10
	-14
	-22

	65
	3-Hydroxykynurenine
	225>208
	-10
	-8
	-15
	225>162
	-11
	-17
	-18
	225>110
	-11
	-16
	-23

	66
	Serotonin
	177>160
	-10
	-11
	-12
	177>115
	-20
	-28
	-24
	177>117
	-20
	-25
	-25

	67
	5-Hydroxytryptophan
	221>204
	-10
	-10
	-15
	221>162
	-13
	-17
	-12
	221>134
	-13
	-24
	-15

	68
	Kynurenine
	209>192
	-10
	-9
	-14
	209>146
	-10
	-17
	-16
	209>94
	-10
	-13
	-11

	69
	3-Hydroxyanthranilic acid
	154>136
	-10
	-12
	-15
	154>80
	-14
	-25
	-17
	154>108
	-16
	-20
	-22

	70
	Xanthurenic acid
	206>160
	-10
	-17
	-12
	206>132
	-10
	-27
	-15
	206>188
	-10
	-13
	-14

	71
	Tryptophan
	205>188
	-20
	-10
	-20
	205>146
	-20
	-15
	-20
	205>118
	-23
	-25
	-21

	72
	Kynurenic acid
	190>144
	-11
	-18
	-16
	190>89
	-11
	-45
	-17
	190>116
	-11
	-31
	-23

	73
	5-Hydroxyindoleacetic acid
	192>146
	-11
	-13
	-16
	192>91
	-24
	-40
	-30
	192>65
	-10
	-50
	-13

	74
	Anthranilic acid
	138>120
	-13
	-12
	-14
	138>92
	-13
	-21
	-21
	138>65
	-13
	-28
	-27

	75
	Melatonin
	233>174
	-11
	-13
	-13
	233>130
	-11
	-43
	-15
	233>159
	-11
	-26
	-12

	IS
	
	
	
	
	
	
	
	
	
	
	
	

	1
	13C2-Phenylalanine
	167>120
	-20
	-15
	-20
	167>103
	-20
	-26
	-22
	167>77
	-20
	-40
	-17

	2
	3,4-Dimethoxybenzoic acid
	181>137
	18
	16
	10
	181>107
	20
	26
	12
	181>122
	11
	21
	12

	3
	3-Deazauridine
	244>112
	-29
	-13
	-22
	244>94
	-30
	-39
	-18
	244>57
	-28
	-27
	-25

	a Quantitative ion
b Precursor ion transmission voltage
c Collision energy (V)
d Product ion transmission voltage
e Qualitative ion




Supplementary figure 1. Hierarchical clustering heatmap in plasma and urine metabolite of AS mice model. (A) 28 selected metabolites of plasma of 4-week AS mice, (B) 28 selected metabolites of plasma of 7-week AS mice, (C) 42 selected metabolites of urine of 4-week AS mice, (D) 42 selected metabolites of urine of 7-week AS mice.
[image: 텍스트, 지도, 도표, 평면도이(가) 표시된 사진
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Supplementary figure 2. Experimental timeline for mouse experiments
[image: ]
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