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Table S1–Reagents used in the method and their sources
	Chemical
	Source
	Catalog # 

	HPLC acetone
	Sigma-Aldrich (St. Loius, MO, USA)
	650501-4X4L

	HPLC acetonitrile
	Honeywell (Muskegon, MI, USA)
	AH015-4PC

	HPLC methanol  
	Honeywell (Muskegon, MI, USA)
	230-4

	HPLC water
	J.T.Baker
	4218-03

	Ammonium acetate  
	Sigma-Aldrich (St. Loius, MO, USA)
	73594-100G-F

	Ammonium hydroxide
	Sigma-Aldrich (St. Loius, MO, USA)
	21228-100ML-A

	Hydrochloric Acid
	Fisher Scientific (Fairlawn, NJ)
	A144-500

	Helix Pomatia (type H-1)
	Sigma-Aldrich (St. Loius, MO, USA)
	G0751-2MU

	Escherichia Coli (type IX-A)
	Sigma-Aldrich (St. Loius, MO, USA)
	G7396-1MU

	NIC-GLU
	Toronto Research Chemicals (Ontario, Canada)
	N424575

	COT-GLU
	Toronto Research Chemicals (Ontario, Canada)
	C725175

	3HCT-GLU
	Toronto Research Chemicals (Ontario, Canada)
	H924540


Abbreviations: 3HC-Glu: trans-3´-hydroxy-cotinine-O-β-D-glucuronide; COT-Glu: cotinine-N-β-D-glucuronide; NIC-Glu: nicotine-N-β-D-glucuronide.
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Table S2–Abbreviations and purchasing catalog numbers for native and stable Isotopically Labeled standards.
	Analyte
	Abbreviation
	Catalog #1

	(±)-4-hydroxy-4-(3-pyridyl)butanoic acid
	HPBA
	P992550

	(±)-4-hydroxy-4-(3-pyridyl)butanoic acid-D3
	HPBA-D3
	H952972

	(S)-cotinine-N-oxide
	CNO
	C725200

	(R,S)-cotinine-N-oxide-methyl-D3
	CNO-D3
	C725203

	(1’S,2’S)-nicotine-1’-oxide
	NNO
	N427500

	(±)-trans-nicotine-1’-oxide-methyl-D3
	NNO-D3
	N427492

	trans-3´-hydroxy-cotinine
	3HC
	H924500

	trans-3'-hydroxy-cotinine-D3
	3HC-D3
	H924510

	(R,S)-norcotinine
	NorCOT
	N662000

	(R,S)-norcotinine-pyridyl-D4
	NorCOT -D4
	N662002

	(S)-cotinine
	COT
	C725000

	(±)-cotinine-13CD3
	COT-13CD3
	C725007

	(R,S)-nornicotine
	NorNIC
	N757000

	(R,S)-nornicotine-D4
	NorNIC-D4
	N757010

	(R,S)-anatabine
	ANAT
	A637500

	(R,S)-anatabine-2,4,5,6-D4
	ANAT-D4
	A637505

	(R,S)-anabasine
	ANAB
	A637175

	(R,S)- anabasine-2,4,5,6-D4
	ANAB -D4
	A637180

	(S)-nicotine
	NIC
	N412450

	(±)-nicotine-13CD3
	NIC-13CD3
	N412424


1 All standards were from Toronto Research Chemicals (Ontario, Canada).


Table S3–HPLC running gradient
	Time
	Module
	Event
	Percentage of buffer B (%)

	1.00
	Pumps
	%B
	0

	3.20
	Pumps
	%B
	12

	4.20
	Pumps
	%B
	26

	5.40
	Pumps
	%B
	26

	5.50
	Pumps
	%B
	100

	6.60
	Pumps
	%B
	100

	6.65
	Pumps
	%B
	0

	8.50
	Controller
	Stop
	




Table S4–Source/gas parameters on AB-Sciex Triple quadruple 5500
	Parameter
	Optimized value

	Ion source
	Turbo spray

	SC type
	Scheduled MRM

	Polarity
	Positive

	Curtain Gas (CUR)
	45

	Collision Gas (CAD)
	7

	IonSpray Coltage (IS)
	5500

	Temperature (TEM)
	650

	Ion Source Gas 1 (GS1)
	65

	Ion Source Gas 2 (GS2)
	60






Table S5–MRM transitions, optimized MS settings and detuned parameter values for different analytes on the AB-ScieX triple quadruple 5500 mass spectrometry
	
	
	
	Optimized MS settings
	Post-Detuning

	Analyte
	Precursor Ion
	Daughter Ion (quant/confirm) 1
	DP (V)
	CE (V) 
(quant/confirm)
	CXP (V) 
	EP (V) 
	DP (V)
	CE (V)
(quant/confirm)

	HPBA
	182.1
	108/80
	55
	45/65
	13
	6
	75
	82/100

	HPBA-D3
	185.2
	109
	65
	60
	15
	10
	
	

	CNO
	193.1
	96/79
	50
	29/59
	12
	10
	70
	60/88

	CNO-D3
	196.2
	96
	65
	29
	12
	10
	
	

	NNO
	179.2
	130.1/117
	55
	30/39
	12
	10
	75
	66/70

	NNO -D3
	182.1
	130.1
	55
	31
	15
	10
	
	

	3HC
	193.1
	80/134
	55
	36/25
	12
	10
	75
	100/45

	3HC -D3
	196.2
	80.1
	60
	36
	12
	10
	
	

	NorCOT
	163.1
	80/118
	65
	33/27
	12
	10
	70
	55/27

	NorCOT -D4
	167.1
	84
	70
	34
	13
	10
	
	

	COT
	177.1
	80/98
	65
	31/28
	12
	10
	75
	97/60

	COT-13CD3
	181.2
	80.1
	65
	35
	8
	10
	
	

	NorNIC
	149.1
	80/130
	55
	28/24
	11
	6
	55
	45/30

	NorNIC -D4
	153.2
	84.1
	55
	31
	12
	10
	
	

	ANAT
	161.1
	80/144
	55
	20/36
	12
	8
	
	

	ANAT-D4
	165.1
	148.1
	55
	20
	12
	10
	
	

	ANAB
	163.1
	80/120
	60
	29/22
	12
	8
	
	

	ANAB -D4
	167.2
	84.1
	60
	30
	11
	10
	
	

	NIC
	163.1
	130.1/117.1
	55
	28/35
	15
	10
	75
	48/53

	NIC-13CD3
	167.1
	130.1
	65
	28
	8
	10
	
	


Abbreviations: DP: declustering potential; CXP: collision cell exit potential; CE: collision offset energy.
1two transitions for each native analyte (quantitation/confirmation) and one transition for labeled standard were monitored.

Table S6–Means and standard deviations for 10 analytes in Freeze-Thaw tests.
	
	
	
	HPBA
	CNO
	NNO
	3HC
	NorCOT
	COT
	NorNIC
	ANAT
	ANAB
	NIC

	POOL01
	1 Cycle
	Mean
	58.8
	47.9
	63.2
	281
	16.6
	131
	23.7
	9.59
	8.06
	67.4

	
	
	STD
	0.94
	1.26
	1.09
	8.66
	0.52
	4.37
	0.55
	0.31
	0.33
	1.42

	
	5 cycles
	Mean
	59.9
	49.8
	65.1
	284
	17.3
	132
	24.6
	9.94
	8.65
	69.0

	
	
	STD
	0.88
	1.27
	1.05
	10.1
	0.43
	7.19
	0.73
	0.30
	0.38
	1.40

	
	10 Cycles
	Mean
	59.6
	49.1
	64.7
	279
	16.9
	131
	24.6
	9.71
	8.52
	68.7

	
	
	STD
	0.72
	1.30
	1.65
	4.79
	0.48
	8.92
	1.00
	0.19
	0.26
	1.08

	
	25 Cycles
	Mean
	59.5
	49.9
	64.2
	283
	16.6
	132
	23.7
	9.92
	8.14
	68.4

	
	
	STD
	1.02
	1.01
	1.16
	6.14
	0.78
	7.48
	0.87
	0.39
	0.48
	1.04

	
	
	
	
	
	
	
	
	
	
	
	
	

	POOL02
	1 Cycle
	Mean
	1157
	1215
	1744
	10769
	305
	4913
	230
	90
	81
	2987

	
	
	STD
	24.3
	39.1
	38.9
	311
	9.57
	157
	9.05
	2.81
	3.03
	16.4

	
	5 cycles
	Mean
	1209
	1253
	1819
	10922
	303
	5056
	241
	91.7
	84.7
	3086

	
	
	STD
	24.3
	39.1
	38.9
	311
	9.57
	157
	9.05
	2.81
	3.03
	16.4

	
	10 Cycles
	Mean
	1197
	1254
	1784
	10930
	304
	4987
	237
	90.5
	84.3
	3050

	
	
	STD
	14.7
	19.2
	17.7
	200
	11.86
	226
	6.22
	1.97
	3.35
	34.9

	
	25 Cycles
	Mean
	1171
	1246
	1800
	10886
	303
	4935
	234
	91.3
	81.8
	3043

	
	
	STD
	16.8
	17.9
	35.7
	232
	3.91
	209
	11.2
	1.90
	4.82
	44.4




Table S7–Inter-day and intra-day accuracy and precision
	
	
	
	Day-1 (n=16)
	Day-2 (n=16)
	Day-3 (n=16)
	Overall (n=48)

	
	
	TARGET
	MEASURED
	STD
	RSD%
	ERROR%
	MEASURED
	STD
	RSD%
	ERROR%
	MEASURED
	STD
	RSD%
	ERROR%
	MEASURED
	STD
	RSD%
	ERROR%

	HPBA
	LEVEL-1
	8.00
	8.12
	0.34
	4.22
	1.48
	8.57
	0.51
	6.00
	7.10
	8.29
	0.28
	3.35
	3.68
	8.33
	0.38
	4.73
	4.09

	
	LEVEL-2
	40.0
	41.54
	1.60
	3.85
	3.84
	41.6
	1.95
	4.69
	3.94
	41.9
	1.44
	3.43
	4.75
	41.7
	1.66
	4.15
	4.18

	
	LEVEL-3
	320
	331
	8.77
	2.65
	3.30
	342
	17.4
	5.09
	6.84
	330
	9.02
	2.73
	3.03
	334
	11.7
	3.66
	4.39

	
	LEVEL-4
	1600
	1668
	33.7
	2.02
	4.22
	1655
	98.1
	5.93
	3.44
	1691
	33.7
	2.00
	5.66
	1671
	55.2
	3.45
	4.44

	
	LEVEL-5
	4000
	4094
	61.3
	1.50
	2.36
	4268
	179
	4.20
	6.72
	4323
	99.2
	2.30
	8.06
	4229
	113
	2.83
	5.71

	CNO
	LEVEL-1
	8.00
	8.22
	0.61
	7.44
	2.74
	8.30
	0.38
	4.55
	3.75
	8.05
	0.48
	5.91
	0.61
	8.19
	0.49
	6.10
	2.37

	
	LEVEL-2
	40.0
	39.4
	1.77
	4.51
	-1.63
	40.2
	1.28
	3.19
	0.48
	39.8
	1.23
	3.10
	-0.53
	39.8
	1.43
	3.57
	-0.56

	
	LEVEL-3
	320
	319
	10.7
	3.34
	-0.29
	321
	10.3
	3.20
	0.39
	323
	4.83
	1.50
	0.90
	321
	8.59
	2.68
	0.33

	
	LEVEL-4
	1600
	1605
	27.6
	1.72
	0.31
	1573
	55.8
	3.55
	-1.72
	1618
	27.9
	1.73
	1.09
	1598
	37.1
	2.32
	-0.10

	
	LEVEL-5
	4000
	4064
	123
	3.01
	1.61
	4001
	142
	3.54
	0.03
	3984
	71.4
	1.79
	-0.41
	4016
	112
	2.79
	0.41

	NNO
	LEVEL-1
	8.00
	7.97
	0.35
	4.38
	-0.39
	8.14
	0.36
	4.38
	1.77
	8.30
	0.33
	3.96
	3.72
	8.14
	0.34
	4.31
	1.70

	
	LEVEL-2
	40.0
	39.7
	0.99
	2.49
	-0.73
	39.8
	1.27
	3.19
	-0.48
	40.5
	2.02
	4.98
	1.19
	40.0
	1.42
	3.56
	-0.01

	
	LEVEL-3
	320
	315
	10.6
	3.35
	-1.45
	322
	10.3
	3.20
	0.51
	323
	7.95
	2.46
	0.92
	320
	9.61
	3.00
	-0.01

	
	LEVEL-4
	1600
	1615
	19.3
	1.20
	0.98
	1594
	66.7
	4.19
	-0.39
	1644
	24.5
	1.49
	2.77
	1618
	36.8
	2.30
	1.12

	
	LEVEL-5
	4000
	4065
	90.7
	2.23
	1.64
	4096
	152
	3.72
	2.39
	4094
	86.5
	2.11
	2.36
	4085
	110
	2.75
	2.13

	3HC
	LEVEL-1
	80.0
	80.6
	2.22
	2.75
	0.80
	78.5
	2.05
	2.62
	-1.87
	83.2
	2.49
	2.99
	4.01
	80.8
	2.25
	2.82
	0.98

	
	LEVEL-2
	400
	397
	12.0
	3.01
	-0.81
	391
	13.6
	3.46
	-2.14
	403
	10.3
	2.56
	0.75
	397
	11.9
	2.98
	-0.73

	
	LEVEL-3
	3200
	3123
	74.5
	2.38
	-2.40
	3144
	99.9
	3.18
	-1.76
	3179
	80.8
	2.54
	-0.64
	3149
	85.1
	2.66
	-1.60

	
	LEVEL-4
	16000
	15694
	184
	1.17
	-1.91
	15813
	326
	2.06
	-1.17
	15825
	265
	1.67
	-1.09
	15778
	258
	1.61
	-1.39

	
	LEVEL-5
	40000
	40013
	1009
	2.52
	0.03
	39262
	1237
	3.15
	-1.84
	38769
	737
	1.90
	-3.08
	39347
	995
	2.49
	-1.63

	NorCOT
	LEVEL-1
	2.20
	2.26
	0.13
	5.74
	2.56
	2.02
	0.09
	4.22
	1.16
	2.03
	0.12
	5.69
	1.37
	2.10
	0.11
	5.01
	-4.44

	
	LEVEL-2
	11.0
	10.6
	0.37
	3.49
	-3.58
	9.92
	0.44
	4.45
	-0.77
	10.3
	0.39
	3.82
	2.51
	10.3
	0.40
	3.65
	-6.73

	
	LEVEL-3
	88.0
	88.3
	4.24
	4.80
	0.37
	77.8
	3.07
	3.95
	-2.76
	83.7
	1.55
	1.85
	4.66
	83.3
	2.95
	3.35
	-5.36

	
	LEVEL-4
	440
	452.7
	7.37
	1.63
	2.88
	379
	22.1
	5.82
	-5.31
	418
	6.80
	1.63
	4.50
	417
	12.1
	2.75
	-5.35

	
	LEVEL-5
	1100
	1134
	35.0
	3.09
	3.07
	954
	48.3
	5.07
	-4.65
	1044
	22.5
	2.15
	4.38
	1044
	35.3
	3.21
	-5.12



Continued Table S7–Inter-day and intra-day accuracy and precision
	
	
	
	Day-1 (n=16)
	Day-2 (n=16)
	Day-3 (n=16)
	Overall (n=48)

	
	
	TARGET
	MEASURED
	STD
	RSD%
	ERROR%
	MEASURED
	STD
	RSD%
	ERROR%
	MEASURED
	STD
	RSD%
	ERROR%
	MEASURED
	STD
	RSD%
	ERROR%

	COT
	LEVEL-1
	40.0
	40.6
	1.87
	4.61
	1.48
	40.5
	1.53
	3.77
	1.36
	41.0
	1.97
	4.80
	2.44
	40.7
	1.79
	4.47
	1.76

	
	LEVEL-2
	200
	204
	7.45
	3.65
	2.03
	203
	7.97
	3.93
	1.41
	208
	5.13
	2.46
	4.00
	205
	6.85
	3.42
	2.48

	
	LEVEL-3
	1600
	1665
	43.1
	2.59
	4.06
	1607
	50.69
	3.15
	0.43
	1639
	32.8
	2.00
	2.42
	1637
	42.2
	2.64
	2.30

	
	LEVEL-4
	8000
	8273
	155
	1.87
	3.41
	8066
	409
	5.07
	0.84
	8145
	264
	3.24
	1.81
	8162
	276
	3.45
	2.02

	
	LEVEL-5
	20000
	20825
	445
	2.14
	4.13
	20394
	896
	4.39
	1.97
	20363
	687
	3.37
	1.81
	20527
	676
	3.38
	2.64

	NorNIC
	LEVEL-1
	2.00
	2.18
	0.33
	14.9
	9.17
	1.91
	0.07
	3.74
	-4.44
	2.08
	0.10
	4.96
	3.94
	2.06
	0.17
	8.33
	2.89

	
	LEVEL-2
	10.0
	10.5
	0.96
	9.16
	4.59
	10.3
	0.48
	4.62
	2.93
	10.0
	0.59
	5.86
	0.06
	10.3
	0.67
	6.73
	2.53

	
	LEVEL-3
	80.0
	85.8
	3.18
	3.70
	7.30
	81.7
	1.94
	2.37
	2.13
	80.8
	2.84
	3.51
	0.95
	82.8
	2.65
	3.31
	3.46

	
	LEVEL-4
	400
	416
	13.7
	3.29
	3.95
	415
	18.4
	4.43
	3.78
	403
	11.2
	2.77
	0.83
	411
	14.4
	3.60
	2.85

	
	LEVEL-5
	1000
	1080
	30.6
	2.83
	8.00
	1039
	43.4
	4.17
	3.89
	1035
	69.0
	6.66
	3.54
	1051
	47.6
	4.76
	5.15

	ANAT
	LEVEL-1
	1.20
	1.24
	0.06
	4.93
	3.23
	1.23
	0.05
	3.82
	2.19
	1.20
	0.08
	6.30
	0.26
	1.22
	0.06
	5.10
	1.89

	
	LEVEL-2
	6.00
	6.00
	0.27
	4.57
	0.07
	6.09
	0.17
	2.87
	1.49
	6.10
	0.27
	4.41
	1.70
	6.07
	0.24
	3.99
	1.09

	
	LEVEL-3
	48.0
	51.3
	1.23
	2.39
	6.81
	49.6
	1.81
	3.64
	3.40
	49.7
	1.80
	3.62
	3.55
	50.2
	1.61
	3.36
	4.59

	
	LEVEL-4
	240
	250
	4.59
	1.83
	4.35
	254
	15.3
	6.02
	5.70
	248
	7.43
	3.00
	3.36
	251
	9.10
	3.79
	4.47

	
	LEVEL-5
	600
	599.8
	14.8
	2.46
	-0.03
	629
	28.2
	4.48
	4.85
	619
	12.0
	1.94
	3.08
	616
	18.3
	3.05
	2.64

	ANAB
	LEVEL-1
	1.00
	1.04
	0.09
	9.00
	4.41
	1.08
	0.11
	11.0
	7.64
	0.98
	0.10
	9.78
	-1.91
	1.03
	0.13
	13.0
	3.38

	
	LEVEL-2
	5.00
	4.92
	0.23
	4.72
	-1.55
	4.93
	0.15
	3.05
	-1.45
	5.05
	0.30
	5.88
	1.08
	4.97
	0.23
	4.53
	-0.64

	
	LEVEL-3
	40.0
	39.9
	3.39
	8.51
	-0.37
	38.6
	2.12
	5.48
	-3.48
	40.6
	1.80
	4.45
	1.37
	39.7
	2.44
	6.09
	-0.83

	
	LEVEL-4
	200
	193
	6.79
	3.53
	-3.72
	188
	9.92
	5.27
	-5.81
	194
	6.59
	3.39
	-2.81
	192
	7.77
	3.88
	-4.11

	
	LEVEL-5
	500
	485
	11.5
	2.36
	-2.93
	490
	15.2
	3.10
	-1.99
	485
	21.8
	4.49
	-3.05
	487
	16.2
	3.23
	-2.65

	NIC
	LEVEL-1
	30.0
	30.1
	1.56
	5.20
	0.29
	30.6
	1.26
	4.11
	1.94
	30.8
	1.32
	4.27
	2.81
	30.5
	1.38
	4.60
	1.68

	
	LEVEL-2
	150
	149
	4.50
	3.00
	-0.21
	152
	3.08
	2.03
	1.00
	152
	5.23
	3.44
	1.38
	151
	4.27
	2.85
	0.72

	
	LEVEL-3
	1200
	1208
	26.5
	2.19
	0.63
	1199
	48.9
	4.09
	-0.10
	1216
	36.7
	3.02
	1.30
	1207
	37.4
	3.11
	0.61

	
	LEVEL-4
	6000
	6164
	61.3
	0.99
	2.73
	5968
	174
	2.91
	-0.53
	6126
	170
	2.78
	2.09
	6086
	135
	2.25
	1.43

	
	LEVEL-5
	15000
	15450
	203
	1.32
	3.00
	15413
	352
	2.28
	2.75
	15100
	137
	0.90
	0.67
	15321
	231
	1.54
	2.14
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[bookmark: _GoBack]Figure S1–Urinary anatabine, anabasine, nicotine and major nicotine metabolites
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Figure S2–Enzymatic hydrolysis performances between E. Coli (A, C, D) and H. Pomatia (B, D, E) at 37, 45 and 50 oC
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Figure S3–Light stability for each analyte at laboratory room temperature (25 ᴏC)
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Figure S4–Thermal stability for each analyte at 4-6 oC (S4-A), -20 ᴏC (S4-B) and below -60 oC (S4-C)
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Figure S5A–Characterized QC-charts for the low pools. Solid blue line represents the median, two dashed grey lines are median ± standard deviation (SD), and two dashed red lines are median±2SD
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Figure S5B–Characterized QC-charts for the high pools. Solid blue line represents the median, two dashed grey lines are median ± standard deviation (SD), and two dashed red lines are median±2SD 

[bookmark: _Toc370462966]Sample Preparation Steps on Automation System
1) Bring assay plate (1 mL Nunc deep well) from rack to Sciclone deck
2) Add 50 uL of ISTD added to assay plate
· 40.5 uL/sec aspirate with 25 uL LAG (leading air gap) and 25 uL TAG (trailing air gap)
· 30 uL/sec dispense
3) Decap and scan 24 vial sample rack with 2D barcode reader before it is brought to the Sciclone deck
4) Mix sample and add 100 uL of sample/standard/QC/blank (procedure is same for all) 
· Three mix cycles (160 uL, tip touch at end)
· 3.333 uL/sec aspirate with 75 uL LAG
· 20.5 uL/sec dispense
Repeat steps 3 and 4 four times for one full 96-well plate
5) Add 60 uL of enzyme solution (1000 units of beta glucuronidase, Helix. Pomatia. See Section 6.2.5).
· 40.5 uL/sec aspirate with 100 uL LAG
· 100 uL/sec dispense
6) Seal assay plate
· Sealed at 170 °C, 5 seconds
7) Incubate the sealed sample plate for 12 hours at 45 °C
· Shaked at 660 RPM, 3 mm amplitude in x and y directions
8) Centrifuge the assay plate at – 20 °C for 2 minutes (1651 RPM)
9) Return assay plate to Sciclone deck, pierce foil seal
10) Add 450 uL of cold acetone (-20 °C) using bulk dispenser
· Dispenser primed for 3 cycles of 2.5 mL before use
· Dispensed at 200 uL/sec
11) Seal the assay plate. Same parameters as in step (6).
12) Incubate the assay plate in centrifuge at – 20 °C for 30 minutes
13) Centrifuge the assay plate at – 20 °C for 30 minutes (4716 RPM)
14) Return the assay plate to Sciclone deck, pierce foil seal
15) Bring an injection plate (Supelco 2 mL deep well plate) to the deck
16) Transfer 180 uL of supernatant from assay plate to the injection plate
· 40.5 uL/sec aspirate
· 50 uL/sec dispense with tip touch at end
17) Take the injection plate and place it inside TurboVap for 12 minutes
· Evaporate at 30 °C, nitrogen flow rate: 40 Fh
18) Bring the injection plate to the deck, and add 250 uL of water using bulk dispenser to each well.
· Dispenser primed for 3 cycles of 2.5 mL before use
· Dispensed at 533.33 uL/sec
19) Seal the injection plate (same parameters in step 6) and store it on storage rack
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