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TBOE Assay Initiatives
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Total NNN / NNAL Assay Challenges in Urine
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Principles of Separation by SelexION+ DMS
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-35 -25 -15 -5

CoV

Principles of Separation by SelexION+ DMS

-30 V
-20 V
-5 V

3.8 kV
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DMS Optimization

Time (msec)
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Clustering

De-Clustering

CoV

O-protonated N-protonated

Ω = 126.1 Å Ω = 139.2 Å
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XIC of +MRM (2 pairs): 178.100/148.100 Da ID: NNN from Sample 5 (CR25-P1A) of NN... Max. 1320.0 cps.
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XIC of +MRM (2 pairs): 178.100/148.100 Da ID: NNN from Sample 5 (CR25-P1A) of NN... Max. 1320.0 cps.
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• 1 mL urine
• Deconjugation (30 min)
• SCX-SPE + SLE
• Recon 0.20 mL
• 80% Avg. recovery

Sample 
Prep

• Shimadzu Nexera X2
• SCIEX 6500+ TripleQuad
• SelexION+ DMS

Analysis
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Assay Selectivity: Non-Smoker Urine

XIC of +MRM (2 pairs): 178.100/148.100 Da ID: NNN from Sample 4 (CR29-BLA) of NNN... Max. 236.0 cps.
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XIC of +MRM (2 pairs): 178.100/148.100 Da ID: NNN from Sample 4 (CR29-BLA) of NNN... Max. 236.0 cps.
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Assay Selectivity / Sensitivity: Smoker Urine 
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1.62

SV: 3.0 kV
CoV: -12.0V
Temp: 150°C
Modifier: EtOH (1.5%)
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LC-DMS-MS/MS: Linearity of Response
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Calibrant
(pg/mL)

Back-Calculated
Conc. (pg/mL)

%
Nominal

0.200 0.199 99.3
0.400 0.402 100.6
1.00 1.007 100.7
3.00 3.12 104.1
8.00 8.18 102.3
20.0 19.98 99.9
40.0 38.64 96.6
80.0 80.14 100.2
140 136.6 97.6
170 167.3 98.4
200 200.8 100.4
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Validated Between-Run P&A

STATS LOQ-QC
(0.200)

Low-QC
(0.600)

Mid-QC
(100.0)

High-QC
(150.0)

Mean 0.194 0.577 97.8 152.1

% C.V. 6.6 4.6 4.9 3.7

% Nominal 97.0 96.1 97.8 101
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Deconjugation Efficiency QCs

STATS Low-QC
(0.60 pg/mL)

High-QC
(150 pg/mL)

Mean 0.55 141

% C.V. 4.2 3.7

% Nominal 92.5 94.2
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Short Term Stability In Smoker Urine

Subject 
Number

Initial Conc* 
(pg/mL)

1 F/T + 20h
RmT 4ºC

1 0.33 0.32 0.32

2 1.40 1.35 1.40

3 0.31 0.28 0.28

4 0.55 0.54 0.50

5 1.00 1.08 1.09

*measured by DMS-MS/MS
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Short Term Stability In Smoker Urine

Subject 
Number

Initial Peak 
Area Ratio 20h, RmT % Deviation

1 0.0386 0.0352 -9.0

2 0.1318 0.1422 7.9

3 0.0568 0.0639 12.5

4 0.0564 0.0620 9.9

5 0.1508 0.2319 53.8
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Short Term Stability in Smoker Urine
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Validation Results: Stability 

Assessment Conditions
% Nominal

Low-QC High-QC

Short-Term 29h, 22°C 106 97.9

Long-Term On-going N/AP N/AP

Freeze-Thaw 4 cycles 110 96

Autosampler 166h, 4°C 102 101
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1.46
• 150 µL Urine
• Deconjugation (30 min)
• SCX-SPE
• Recon 250 µL (1.7x DF)
• 92% Avg. recovery

Sample 
Prep

• Shimadzu Nexera X2
• SCIEX 6500+ TripleQuad
• SelexION+ DMS

Analysis
In

te
ns

ity
, c

ps
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Assay Sensitivity Gains with Ion Mobility
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SV: 3.0 kV
CoV: - 20.0 V
Temp: 300°C
Modifier: IPA (1.5%)

S/N 9:1
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Assay Sensitivity Gains with Ion Mobility
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Linearity of Response: Calibration Curve

Nominal  
(pg/mL)

Back-Calculated
Conc. (pg/mL)

% 
Nominal

5.00 5.05 100.9
10.0 9.98 99.8
25.0 23.99 96.0
60.0 60.01 100.0
150 147.18 98.1
400 404.30 101.1
700 695.58 99.4
850 880.51 103.6
1000 1011.51 101.2 0
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Validated Between-Run P&A

STATS LOQ-QC
(5.00)

Low-QC
(15.0)

Mid-QC
(500)

High-QC
(750)

Mean 5.09 16.06 501.0 765.1

%C.V. 8.4 3.9 4.4 4.8

% Nominal 101.8 107.1 100.2 102.0

20
19

_T
S

R
C

10
2_

P
lo

m
le

y.
pd

f
T

S
R

C
20

19
(7

3)
 -

 D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed



25

Deconjugation Efficiency QCs

STATS Low-QC
(15.0 pg/mL)

High-QC
(750 pg/mL)

Mean 16.1 752.6

% C.V. 5.4 3.4

% Nominal 107.5 100.4
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Validation Results: Stability 

Assessment Conditions
% Nominal

Low-QC High-QC

Short-Term 27h, 22°C 101 107

Long-Term 41d
-20°C 96.4 103

-80°C 105 103

Freeze-Thaw 4 cycles 96.4 103

Autosampler 181h, 4°C 105 108
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NNN / NNAL Matrix Effect Summary

TBOE
Low QC High QC

AMF ISMF ISNMF AMF ISMF ISNMF

NNN 0.90 -1.01 0.87 -1.04 0.97-1.06 0.93 -1.02 0.93 -1.05 0.98 -1.03

NNAL 0.86 -1.04 0.89 -1.04 0.97-1.06 0.87-1.05 0.86-1.03 0.97-1.04
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2 & 3-HPMA Assay Challenges in Urine
 Donor-dependant degradation in urine observed for 2-HPMA and 3-HPMA during  

short-term stability at RmT (unreported in literature)

 Endogenous interference impacts selectivity for 3-HPMA

 Chemical noise impacts achievable S/N at LOQ for 2-HPMA

 Chromatographic resolution required between structural isomers 
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• 25 µL urine (stabilized)
• SAX-SPE, Recon 400 µL
• 83% Avg. recovery (3-HPMA)
• 86% Avg. recovery (2-HPMA)

Sample
Prep

• Shimadzu Nexera X2
• SCIEX 6500+ TripleQuad
• SelexION+ DMS

Analysis

XIC of -MRM (4 pairs): 220.100/91.000 Da ID: 2-HP from Sample 5 (CR35-P1A) of HPM... Max. 3820.0 cps.
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XIC of -MRM (4 pairs): 220.100/91.001 Da ID: 3-HP from Sample 5 (CR35-P1A) of HPM... Max. 9802.0 cps.
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XIC of -MRM (4 pairs): 220.100/91.000 Da ID: 2-HP from Sample 5 (CR35-P1A) of HPM... Max. 3820.0 cps.
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XIC of -MRM (4 pairs): 220.100/91.001 Da ID: 3-HP from Sample 5 (CR35-P1A) of HPM... Max. 9802.0 cps.

2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8
Time, min

0

2000

4000

6000

8000

9802

In
te

ns
ity

, .
..

3.17

3.44

20
19

_T
S

R
C

10
2_

P
lo

m
le

y.
pd

f
T

S
R

C
20

19
(7

3)
 -

 D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed



31

XIC of -MRM (4 pairs): 220.100/91.000 Da ID: 2-HP from Sample 12 (CR29-P1A) of 20181206 Sensitivity With DMS.wiff (Turbo Spray I... Max. 2400.0 cps.
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XIC of -MRM (4 pairs): 220.100/91.001 Da ID: 3-HP from Sample 12 (CR29-P1A) of 20181206 Sensitivity With DMS.wiff (Turbo Spray I... Max. 3980.0 cps.
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XIC of -MRM (4 pairs): 220.100/91.000 Da ID: 2-HP from Sample 12 (CR29-P1A) of 20181206 Sensitivity With DMS.wiff (Turbo Spray I... Max. 2400.0 cps.
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XIC of -MRM (4 pairs): 220.100/91.001 Da ID: 3-HP from Sample 12 (CR29-P1A) of 20181206 Sensitivity With DMS.wiff (Turbo Spray I... Max. 3980.0 cps.
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XIC of -MRM (4 pairs): 220.100/91.000 Da ID: 2-HP from Sample 4 (CR29-P1A) of 20181206 Sensitivity No DMS.wiff (Turbo Spray IonDr... Max. 1.2e4 cps.
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XIC of -MRM (4 pairs): 220.100/91.000 Da ID: 2-HP from Sample 4 (CR29-P1A) of 20181206 Sensitivity No DMS.wiff (Turbo Spray IonDr... Max. 1.2e4 cps.

2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5
Time, min
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2000.00

4000.00
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8000.00
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3.41

m/z 220  > 91 
20 eV (2-HPMA)
35 eV (3-HPMA)

SV: 3.8 kV
CoV: - 19.5 V (2-HPMA)
CoV: - 16.0 V (3-HPMA)
Temp: 150°C
Modifier: EtOH (1.5%)
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XIC of -MRM (4 pairs): 220.100/91.000 Da ID: 2-HP from Sample 41 (QC29-42) of HPM845-29-001.wiff (Turbo Spray IonDrive) Max. 2.3e4 cps.

2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5
Time, min
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1.0e4
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2.0e4

2.3e4
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, c
ps
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3.42

3.30

XIC of -MRM (4 pairs): 220.100/91.001 Da ID: 3-HP from Sample 41 (QC29-42) of HPM845-29-001.wiff (Turbo Spray IonDrive) Max. 2.8e4 cps.
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5000.0
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3.16

XIC of -MRM (4 pairs): 220.100/91.000 Da ID: 2-HP from Sample 41 (QC29-42) of HPM845-29-001.wiff (Turbo Spray IonDrive) Max. 2.3e4 cps.

2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5
Time, min

0.0

5000.0

1.0e4

1.5e4

2.0e4

2.3e4
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, c
ps

3.15

3.42

3.30

XIC of -MRM (4 pairs): 220.100/91.001 Da ID: 3-HP from Sample 41 (QC29-42) of HPM845-29-001.wiff (Turbo Spray IonDrive) Max. 2.8e4 cps.

2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5
Time, min
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5000.0
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XIC of -MRM (4 pairs): 220.100/91.000 Da ID: 2-HP from Sample 5 (QC29-42) of 20181206 Sensitivity No DMS.wiff (Turbo Spray IonDriv... Max. 3.3e4 cps.

2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5
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XIC of -MRM (4 pairs): 220.100/91.000 Da ID: 2-HP from Sample 5 (QC29-42) of 20181206 Sensitivity No DMS.wiff (Turbo Spray IonDriv... Max. 3.3e4 cps.

2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 4.0 4.1 4.2 4.3 4.4 4.5
Time, min

0.0

5000.0
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3.15

Assay Selectivity in Smoker Urine 
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Validated Between-Run P&A: 2-HPMA

STATS LOQ-QC
(2.50)

Low-QC
(7.50)

Mid-QC
(375.0)

High-QC
(562.5)

Mean 2.60 7.41 381.1 561.2

% C.V. 8.4 5.2 3.0 3.0

% Nominal 104.2 98.8 101.4 99.8
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Validated Between-Run P&A: 3-HPMA

STATS LOQ-QC
(25.0)

Low-QC
(75.0)

Mid-QC
(3750)

High-QC
(5625)

Mean 25.4 72.6 3806.7 5585.2

% C.V. 7.2 6.3 3.3 4.0

% Nominal 101.4 96.8 101.5 99.3
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Validation Results: Stability

Assessment Conditions

% Nominal

3-HPMA 2-HPMA

Low-QC High-QC Low-QC High-QC

Short-Term 98h, 4°C 94.9 92.0 94.8 92.7

Long-Term
28d -20°C 90.0 95.7 91.0 100

15d -80°C 90.6 93.6 91.7 95.5

Freeze-Thaw 2 cycles 93.1 90.4 94.0 91.4

Autosampler 167h, 4°C 93.0 93.4 94.3 99.3
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In Summary
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