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Fig. S1. Mass spectrogram of ions which directly implanted into ion trap without quadrupole screening. (a) Creatine (CRE), (b) fragment ion of CRE, (c) D3-CRE, and (d) fragment ion of D3-CRE. m/z: mass-to-charge ratio; M: molecular weight..
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Fig. S2. Mass spectrogram of ions which implanted into ion trap after screening by quadrupole. (a) CRE, (b) fragment ion of CRE, (c) D3-CRE, and (d) fragment ion of D3-CRE.
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Fig. S3. Optimization of mass parameters. (a) Tube lens, (b) Q0, (c) PreQ, and (d) ROD. Q0: direct current bias voltage of ion guide Q0; PreQ: direct current bias voltage of pre-quadrupole; ROD: direct current bias voltage of rod.

Table S1 
Quadrupole-linear ion trap (Q-LIT) mass parameters including quadrupole radio frequency (QRF) and ion trap radio frequency (ITRF) for GAA, D2-GAA, CRE, and D3-CRE.
	Compound
	Ionization mode
 (ESI)
	Precursor  ions
 (m/z)
	Product  ions 
(m/z)
	QRF 
(V)
	ITRF 
(V)

	GAA
	M + H
	118.11
	101.12
	383.4
	15

	D2-GAA
	M + H
	120.09
	103.12
	390.1
	15

	CRE
	M + H
	132.10
	90.11
	429.6
	15

	D3-CRE
	M + H
	135.07
	93.10
	440.0
	11


GAA: guanidinoacetic acid; CRE: creatine; ESI: electrospray ionization.

Table S2 
Flow rate gradient condition.
	Time 
(min)
	Flow rate
 (mL·min−1)
	Sample volume 
(μL)
	Mobile phase B 
(%)

	0
	0.220
	5.0
	100.0

	0.100
	0.220
	5.0
	100.0

	0.200
	0.010
	5.0
	100.0

	0.950
	0.010
	5.0
	100.0

	1.100
	0.700
	5.0
	100.0

	1.450
	0.700
	5.0
	100.0

	1.500
	0.220
	5.0
	100.0
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Table S3 
Comparison FIA to LC method.
	Analytes 
	Matrix
	Derivatization
	Instrumental method
	Separation column
	Determination time (min)
	Reference

	GAA
	Plasma
	No
	HPLC–MS/MS
	Hypersil gold C18 column (5 μm, 150 mm × 4.6 mm)
	8.0
	[1]

	GAA
CRE
	Urine
	No
	LC–MS/MS
	Xterra C18 column (3.5 μm, 2.1 mm × 30 mm)
	10.0
	[2]

	GAA
CRE 
Creatinine
Ornithine arginine
	Plasma
Whole blood
DBS
	Yes
100 μL butanol–HCl (3 mol·L−1)
incubated at 60 °C for 30 min
	LC–MS/MS
	Phenomenex Kinetex XB-C18 column (2.6 μm, 100 mm × 4.6 mm) 
	10.0
	[3]

	GAA
CRE
	Plasma
	Yes
Butanolic–HCl
incubated at 65 °C for 15 min
	LC–MS/MS
	Supelcosil column (8.3 μm, 7.5 cm × 4.6 mm)
	5.0
	[4]

	GAA
CRE 
Creatinine
	Urine
Plasma
	No
	LC–MS/MS
	C18 Synergi Fusion RP column (4 μm, 150 mm × 3.0 mm)
	2.5
	[5]

	GAA
CRE 
	Urine
Plasma
	Yes
3 mol·L−1 HCl in n-butanol for 15 min at 65 °C
	LC–MS/MS
	Symmetry C18 column (3.5 μm, 50 mm × 2.1 mm)
	3.0
	[6]

	GAA
CRE 
	Plasma
	Yes
Butanol/acetylchloride
(90:10, v/v)
incubated at 65 °C for 20 min
	LC–MS/MS
	Symmetry C18 column (3.5 μm, 50 mm × 2.1 mm)
	3.0
	[7]

	GAA
CRE 
Creatinine
	Serum
Urine
	No
	LC–APCI–MS
	Inertsil ODS-2 packed column (5 μm, 250 mm × 4.6 mm)
	4.0
	[8]

	GAA
CRE
	DBS
	Yes
3 mol·L−1 hydrochloric acid in n-butanol solution at 60 °C for 30 min
	FIA–ESI-MS/MS
	None
	1.0
	[9]

	GAA
CRE
	DBS
	Yes
Butanolic HCl for 20 min at 65 °C
	FIA–ESI-MS/MS
	None
	-
	[10]

	GAA
CRE
Amino acids
Acylcarnitines
Succinylacetone
	DBS
	No
	FIA–ESI-MS/MS
	None
	-
	[11]

	GAA
CRE 
	DBS
	No
	FIA–ESI-Q-LIT
	None
	1.5
	This work


DBS: dried blood spot; FIA: flow injection analysis; LC: liquid chromatography; HPLC: high performance liquid chromatography; MS: mass spectrometry.
	
Table S4 
QCs, linearity range, R2, LODs, LOQs, mean recoveries, and CV of CRE and GAA using Q-LIT V2 (National Institute of Metrology, China) and TSQ Altis (Thermo Fisher Scientific Inc., USA).
	Analytes
	Instrument
	QC-LL (μmol·L−1)
	CV (%)
(n = 10)
	QC-HL
 (μmol·L−1)
	CV (%)
(n = 10)
	Linearity range (μmol·L−1)
	R2
	LOD (nmol·L−1)
	LOQ (nmol·L−1)
	Theoretical concentration (μmol·L−1)
	Recovery (%)
	CV (%)
(n = 6)

	GAA
	Q-LIT V2
	5.06
	6.38
	9.21
	6.88
	1.20–9.84
	0.9908
	0.35
	1.00
	3.0
	116.4
	7.32

	
	
	
	
	
	
	
	
	
	
	8.0
	112.4
	2.90

	
	TSQ Altis
	4.14
	3.15
	8.76
	5. 42
	1.20–9.56
	0.9976
	0.45
	1.25
	3.0
	80.90
	5.11

	
	
	
	
	
	
	
	
	
	
	8.0
	84.00
	4.93

	CRE
	Q-LIT V2
	247.48
	8.19
	448.60
	8.40
	122.05–656.76
	0.9902
	0.07
	0.20
	150.0
	114.6
	3.19

	
	
	
	
	
	
	
	
	
	
	300.0
	119.9
	7.73

	
	TSQ Altis
	198.68
	5.36
	426.15
	4.78
	125.51–658.27
	0.9973
	0.09
	0.25
	150.0
	85.70
	6.93

	
	
	
	
	
	
	
	
	
	
	300.0
	87.10
	5.67


Range of QC-LL: 4.05–5.32 and 185.92–273.21 μmol·L−1 for GAA and CRE, respectively.
Range of QC-HL: 7.89–11.93 and 368.76–592.79 μmol·L−1 for GAA and CRE, respectively. 
QC: quality control; R2: linear correlation coefficient; LOD: limit of detection; LOQ: limit of quantification; CV: coefficient of variation; QC-LL: low-level quality control; QC-HL: high-level quality control.
n is parallel experiments of the same sample. 
Table S5 
TSQ Altis mass parameters including RF lens and collision energy.
	Compounds
	Ionization mode 
(ESI)
	Precursor  ions 
(m/z)
	Product  ions 
(m/z)
	RF lens 
(V)
	Collision energy 
(V)

	GAA
	M + H
	118.1
	101.1
	42
	10.99

	D2-GAA
	M + H
	120.0
	103.1
	42
	10.23

	CRE
	M + H
	132.0
	90.2
	52
	14.28

	D3-CRE
	M + H
	135.0
	93.2
	51
	13.18


[bookmark: _GoBack]RF: radio frequency
Table S6 
Determination of 77 actual clinical samples using Q-LIT V2 (NIM) and TSQ Altis (n = 5).
	No.
	GAA
	
	CRE

	
	Q-LIT V2
	
	TSQ Altis
	
	Q-LIT V2
	
	TSQ Altis

	
	Mean
	CV
	
	Mean
	CV
	
	Mean
	CV
	
	Mean
	CV

	
	(μmol·L−1)
	(%)
	
	(μmol·L−1)
	(%)
	
	(μmol·L−1)
	(%)
	
	(μmol·L−1)
	(%)

	1
	0.78
	19.23
	
	0.87
	17.32
	
	295.36
	12.1
	
	288.85
	10.46

	2
	0.88
	12.01
	
	0.82
	9.49
	
	238.85
	8.20
	
	230.65
	9.57

	3
	0.95
	18.75
	
	0.99
	7.05
	
	226.12
	6.58
	
	221.85
	5.77

	4
	0.92
	19.97
	
	0.90
	13.34
	
	296.33
	13.63
	
	284.17
	8.54

	5
	1.30
	14.78
	
	1.32
	6.06
	
	292.01
	6.14
	
	291.31
	7.96

	6
	1.07
	7.87
	
	1.14
	15.36
	
	269.48
	12.49
	
	269.43
	7.55

	7
	0.98
	16.68
	
	0.90
	17.77
	
	322.66
	5.65
	
	305.98
	11.00

	8
	1.12
	16.39
	
	1.20
	5.83
	
	331.98
	8.27
	
	313.13
	8.2

	9
	1.54
	13.35
	
	1.67
	11.39
	
	270.95
	3.33
	
	258.52
	12.71

	10
	2.05
	16.60
	
	2.15
	9.76
	
	319.43
	9.92
	
	300.25
	16.68

	11
	1.12
	11.64
	
	1.20
	12.51
	
	310.12
	10.61
	
	294.80
	7.08

	12
	1.33
	13.64
	
	1.43
	15.44
	
	368.56
	16.36
	
	342.28
	11.46

	13
	1.36
	14.60
	
	1.35
	8.13
	
	333.59
	12.91
	
	327.51
	6.24

	14
	1.22
	8.74
	
	1.33
	13.50
	
	287.27
	8.41
	
	268.52
	13.27

	15
	1.06
	14.32
	
	1.16
	11.22
	
	294.75
	12.2
	
	267.79
	15.02

	16
	1.25
	15.36
	
	1.13
	13.28
	
	402.97
	6.94
	
	370.69
	9.74

	17
	1.17
	19.84
	
	1.31
	17.51
	
	271.10
	7.20
	
	253.62
	7.27

	18
	1.55
	19.93
	
	1.63
	8.58
	
	310.26
	10.18
	
	289.20
	13.24

	19
	1.50
	17.21
	
	1.54
	9.61
	
	364.41
	3.36
	
	332.78
	14.46

	20
	1.10
	13.12
	
	1.05
	14.29
	
	357.31
	11.15
	
	334.98
	8.49

	21
	1.29
	17.82
	
	1.34
	17.15
	
	362.36
	12.42
	
	357.96
	10.85

	22
	1.09
	11.94
	
	1.16
	19.00
	
	284.37
	10.11
	
	277.09
	7.01

	23
	1.50
	19.12
	
	1.47
	8.16
	
	341.47
	7.44
	
	350.04
	4.57

	24
	1.55
	18.90
	
	1.69
	13.61
	
	341.60
	11.56
	
	350.39
	12.85

	25
	1.41
	15.90
	
	1.55
	18.09
	
	359.68
	5.40
	
	362.21
	2.27

	26
	1.68
	17.11
	
	1.72
	18.64
	
	327.70
	4.33
	
	341.33
	4.34

	27
	1.70
	18.53
	
	1.87
	17.67
	
	318.15
	5.76
	
	322.13
	16.32

	28
	1.51
	18.75
	
	1.63
	13.51
	
	290.76
	9.38
	
	286.73
	5.09

	29
	1.63
	16.01
	
	1.78
	11.81
	
	398.56
	7.66
	
	388.72
	2.72

	30
	2.06
	15.93
	
	2.03
	6.06
	
	580.28
	12.83
	
	575.04
	15.5

	31
	1.82
	16.68
	
	1.74
	4.04
	
	380.79
	8.99
	
	368.45
	5.19

	32
	2.70
	3.31
	
	2.77
	9.09
	
	267.42
	5.04
	
	258.34
	4.98

	33
	2.02
	5.12
	
	2.04
	7.17
	
	276.65
	7.71
	
	275.16
	9.11

	34
	1.55
	11.7
	
	1.51
	2.45
	
	211.72
	14.97
	
	205.17
	10.01

	35
	1.86
	15.07
	
	1.84
	5.60
	
	259.09
	8.68
	
	265.57
	9.21

	36
	1.57
	18.57
	
	1.67
	8.32
	
	268.69
	7.66
	
	275.05
	9.46

	37
	2.29
	16.63
	
	2.37
	8.10
	
	219.01
	12.22
	
	209.92
	12.76

	38
	1.79
	12.87
	
	1.76
	4.07
	
	283.34
	13.80
	
	282.03
	6.37

	39
	1.43
	7.33
	
	1.46
	8.21
	
	382.85
	8.34
	
	400.19
	6.26

	40
	2.23
	11.88
	
	2.41
	10.77
	
	515.99
	10.91
	
	490.71
	5.87

	41
	2.31
	16.91
	
	2.31
	4.17
	
	580.33
	9.42
	
	561.70
	7.73

	42
	2.26
	11.65
	
	2.52
	16.06
	
	349.74
	11.33
	
	341.55
	4.09

	43
	1.97
	9.91
	
	2.16
	12.04
	
	297.18
	8.24
	
	290.67
	8.77

	44
	2.07
	17.49
	
	2.27
	9.45
	
	371.34
	5.28
	
	377.76
	4.87

	45
	2.53
	9.36
	
	2.38
	12.23
	
	299.46
	10.03
	
	298.09
	10.16

	46
	2.06
	17.33
	
	2.05
	3.44
	
	259.34
	7.21
	
	268.56
	6.96

	47
	1.63
	14.74
	
	1.55
	11.22
	
	431.70
	3.36
	
	438.25
	2.34

	48
	2.11
	18.37
	
	2.19
	8.68
	
	370.44
	7.22
	
	372.88
	4.42

	49
	2.16
	17.28
	
	2.11
	3.26
	
	285.92
	9.39
	
	299.70
	8.05

	50
	2.49
	18.83
	
	2.61
	9.64
	
	357.95
	7.86
	
	365.43
	7.00

	51
	2.03
	13.49
	
	2.06
	14.43
	
	238.27
	6.32
	
	234.04
	2.01

	52
	1.80
	18.34
	
	1.66
	9.77
	
	253.90
	11.97
	
	240.86
	6.43

	53
	2.02
	13.99
	
	1.93
	8.94
	
	340.02
	13.28
	
	325.40
	6.83

	54
	1.94
	14.98
	
	2.03
	4.27
	
	290.29
	9.89
	
	287.09
	1.68

	55
	1.79
	12.23
	
	1.81
	7.21
	
	479.85
	6.29
	
	481.94
	1.91

	56
	1.89
	16.30
	
	2.17
	17.34
	
	358.63
	8.97
	
	355.69
	5.13

	57
	1.97
	13.65
	
	1.85
	7.70
	
	334.94
	8.47
	
	330.81
	8.26

	58
	1.37
	14.49
	
	1.41
	12.39
	
	367.19
	8.42
	
	351.55
	9.44

	59
	1.98
	17.65
	
	2.01
	5.87
	
	257.93
	8.80
	
	251.20
	6.54

	60
	1.32
	9.07
	
	1.37
	12.05
	
	316.50
	6.14
	
	309.92
	7.13

	61
	1.71
	19.76
	
	1.72
	6.91
	
	401.76
	10.15
	
	391.92
	7.98

	62
	1.53
	17.03
	
	1.48
	14.84
	
	386.58
	8.10
	
	375.27
	10.58

	63
	1.65
	19.38
	
	1.75
	9.71
	
	272.14
	11.29
	
	253.24
	9.45

	64
	1.29
	13.17
	
	1.30
	7.87
	
	293.70
	10.6
	
	286.58
	7.31

	65
	1.51
	12.51
	
	1.59
	8.79
	
	509.35
	9.23
	
	484.71
	6.61

	66
	1.70
	13.45
	
	1.76
	8.42
	
	198.68
	9.92
	
	182.44
	9.23

	67
	1.85
	15.52
	
	1.94
	7.10
	
	319.82
	7.08
	
	295.43
	9.94

	68
	1.24
	19.04
	
	1.27
	3.61
	
	214.48
	12.5
	
	210.01
	5.75

	69
	1.12
	13.41
	
	1.17
	11.09
	
	248.55
	13.27
	
	235.77
	6.71

	70
	1.39
	18.72
	
	1.33
	7.19
	
	294.27
	11.53
	
	278.13
	12.62

	71
	1.54
	11.98
	
	1.48
	9.78
	
	219.82
	8.84
	
	220.81
	4.21

	72
	1.28
	17.21
	
	1.17
	12.47
	
	233.86
	13.26
	
	239.74
	12.09

	73
	1.34
	9.74
	
	1.25
	9.56
	
	282.18
	6.62
	
	287.37
	6.52

	74
	1.31
	18.6
	
	1.20
	10.93
	
	337.71
	12.24
	
	334.99
	13.88

	75
	1.47
	9.54
	
	1.42
	6.64
	
	194.63
	6.86
	
	190.45
	6.19

	76
	1.06
	17.95
	
	1.16
	12.25
	
	217.80
	11.54
	
	211.13
	10.41

	77
	0.98
	10.82
	
	1.01
	6.90
	
	255.97
	10.27
	
	239.87
	9.60
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