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ANALYTICAL METHODOLOGY AT CRL
Consistent and global experience across multiple modalities



Transporter substrate assays

• Working Range requirement: 0.1-1,000 nM
• Matrices: HBSS, KH pH 7.4, cell extracts
• Sample number per study: <1000

• Low cost
• Rapid turnaround time
• Method development: Fit-For-Purpose 

Method Validation: in 1-2 days
• Sample analysis and report: in 1-2 days
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HIGH-THROUGHPUT QUANTIFICATION OF 
OLIGONUCLEOTIDES FOR PRECLINICAL STUDIES

Need for speed
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Fast, cheap and good
Can or cannot I have the best of them all?

• UV-HPLC
• Slow & cheap
• LLOQ ~1 uM
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Fast, cheap and good
Can or cannot I have the best of them all?

• UV-HPLC
• Slow & cheap
• LLOQ ~1 uM
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LC-MS of oligos

• NH4OAc / NH4O2CH
• Apolar phases

RP

• SIM or MRM

ESI-MS

• NH4OAc / NH4O2CH
• HILIC phases

HILIC

• TEA-HFIP
• Apolar phases

ION-PAIRING
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HOW TO BOOST ANALYTICAL CAPACITY?
BY HAVING MORE LC-MS

KPI Capacity increase
Throughput                                (+) 2x
Uptime                                       (+) 2x
Maintenance                              (-) 2x
Cost                                           (-) 2x
Mass Spectrometer Utilization  (-) 1x

BY HAVING HIGH THROUGHPUT LC-MS
KPI Capacity increase
Throughput                                (+) 2-16x
Mass Spectrometer Utilization  (+) 2-16x
Cost                                           (+) 2x
Maintenance                              (+) 1x
Uptime                                       (-) 1x
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High Throughput Approach
Make a choice

Chromatographer has to choose either high efficiency or high speed (or rely on very high selectivity).

t0: 0.22 min
Cycle time: 3.96 min
Peak capacity ~ 126

t0: 0.02 min
Cycle time: 0.36 min
Peak capacity ~ 40

100 x 2.1 mm, 3um, 1 ml/min, tg: 2.2 min

10 x 2.1 mm, 3um, 1 ml/min, tg: 0.2 min

Cycle time: tg + 3 x t0 +5x t0

• Resolution: Only for critical component(s)
• Plate Number: Less important for gradient separation.
• Peak capacity: Less important for MRM detection, matrix effect?
• Retention: Desalting, control of matrix effect
• Selectivity: Only for critical analytes

Theoretical plate hight small if:
1. Small particle size
2. Low flow rate
3. Low eluent viscosity
4. High temperature
5. Small molecule
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High Throughput Approach
Make a choice

t0: 0.22 min
Cycle time: 3.96 min
Peak capacity ~ 126

t0: 0.02 min
Cycle time: 0.36 min
Peak capacity ~ 20 (40)

100 x 2.1 mm, 3um, 1 ml/min, tg: 2.2 min

10 x 2.1 mm, 3um, 1 ml/min, tg: 0.2 min
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HT-LC-
MS/MS OF 
OLIGOS

HILIC-NH4OAc

RP-NH4OAc

TRP BUFFERS

1

2

3
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HILIC WITH NH4OAc
•HILIC-MS analysis of oligonucleotides (Easter 2010) without the 
use of ion-pair reagents (Loube/MacNeil 2019)

•Applicable to oligodeoxy(ribo)nucleotides and 
phosphorothioates (PS)
•Improved LC-MS sensitivity over ion-pair reverse phase 
methods

•Additional chromatographic developments required to match 
UV-based PS methods

ShodexTM Technical Article No.4; 
LC/MS Analysis of Oligonucleotides 
Using a Polymer-Based Diol Column - Shodex™ HILICpak™ VN-50 2D



Mass Spectrum (after HILIC)
(pdT)15, NH4OAc in MeCN/H2O, Shodex HILIC 

Theoretical m/z for charge state (4- ): 1144.2
Measured: 1144.1



MRM Optimization
(pdT)15 in H2O

dT15 (4-)
dTp-H2O (-)
pdTp-H2O (-)
dTp-T-H2O (-)



HPLC GRADIENT
(pdT)15 in H2O
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CALIBRATION SAMPLE PREPARATION
(pdT)15 in H2O or buffer
Instrument: iDOT non-contact liquid handler
QC preparation separately
Time needed: <1min/96 well



CALIBRATION
(pdT)15 in H2O, NH4OAc in MeCN/H2O, Shodex HILIC 

The benefits of HILIC for oligos (R. MacNeil et al., Bioanalysis (2019) 11(12), 1155–1167): 
• less signal suppression and variability
• less instrumental downtime for maintenance and cleaning
• less frequent analytical column changes
• no need for exotic flushing processes to switch over of instrumentation for other methods
• smoother workflows and better efficiency

39-909 nM
QC lv5
Accuracy: 101.1-101.7%
CV%: 0.26

QC lv8
Accuracy: 100.9-104.3%
CV%: 1.45

QC lv11
Accuracy: 103.1-106.0%
CV%: 1.2

LLOQ 
Accuracy: 97.8-101.6 %
CV%: 1.57
S/N: 127.4

Quadratic Regression ("1 / (y * y)" weighting): y = -0.00873 x^2 + 296 x + 417 (r = 0.9996)



HILIC CALIBRATIONS OF 12  DNA PRIMERS
18-25mers in H2O, NH4OAc in MeCN/H2O, Shodex HILIC

Target R/F Sequence Mass Charge Transition S/N
LLOQ 
nM

ULOQ 
nM

QC 1 
(99nM)

QC 1 
(99nM)

QC 2 
(244nM)

QC 2 
(244nM)

QC3 
(593nM)

QC3 
(593nM)

1 hOATP4C1 R R CTACAATACCTTGCGTGACGGC 6695 -5 1337.65/1307.40 11.9 39 909 105.30% 104.10% 102.60% 104.70% 103.30% 102.70%
2 SVCT2 (SLC23A2) R R AAGCTAGGAGCCCAGGATCA 6160 -4 1538.40/1501.10 54.2 39 909 96.00% 92.90% 97.40% 95.10% 104.60% 98.30%
3 SVCT1 (SLC23A1) R R TAACCATGTGCTGGTCGTGG 6164 -4 1539.54/1501.31 56.8 39 909 96.00% 100.50% 98.60% 102.40% 103.40% 102.60%
4 pig Bcrp (Abcg2) R R CTGCTGAAACACTGGTTGGTT 6452 -5 1289.13/624.73 34.2 39 909 101.60% 98.20% 103.80% 103.00% 101.80% 105.00%
5 cyMDR1 R R ACAGTGTCAGTTGCCAACCA 6086 -4 1520.02/1486.30 42.9 39 909 109.10% 95.50% 99.20% 100.70% 101.70% 99.00%
6 hOATP4C1 F F AAATCGAAGTCTCTGCCTTGTCCTC 7568 -5 1512.13/1074.15 31.8 39 909 103.50% 109.30% 101.10% 104.30% 101.00% 96.00%
7 SVCT2 (SLC23A2) F F GCTGCAGCCAGCTAGGTC 5501 -4 1373.59/1336.00 79.0 39 909 104.40% 96.90% 103.00% 103.50% 100.10% 99.80%
8 SVCT1 (SLC23A1) F F GGCCTTTGTCAAGTCATCCC 6044 -4 1509.53/1472.06 32.1 39 909 96.30% 100.20% 99.30% 99.70% 98.30% 96.40%
9 SNAT1 (SLC38A1) F F GCTTTGGTTAAAGAGCGGGC 6213 -5 1241.25/1211.17 15.1 39 909 101.00% 97.10% 107.40% 108.30% 103.00% 100.80%

10 SNAT2 (SLC38A2) F F AATAGAGACCACCGAGGCCG 6145 -5 1227.71/1200.69 18.8 39 909 108.70% 91.70% 100.40% 93.80% 101.40% 103.60%
11 ATB0,+ (SLC6A14) F F TTGGGGTGGCTTAGTTGCTC 6186 -5 1235.99/1205.56 23.7 39 909 97.00% 101.30% 106.60% 103.10% 95.20% 98.20%
12 ASCT1 (SLC1A4) F F TCTCCTCGCCTTTCTCGCAC 5931 -4 1481.29/769.90 74.2 39 909 101.80% 97.50% 106.20% 105.80% 97.20% 95.10%

Quant
Quadratic Regression ("1 / (y * y)" weighting): y = 0.0119 x^2 + 45.7 x + -36 (r = 0.9982)
Quadratic Regression ("1 / (y * y)" weighting): y = 0.00876 x^2 + 130 x + -744 (r = 0.9984)
Quadratic Regression ("1 / (y * y)" weighting): y = 0.0154 x^2 + 189 x + -823 (r = 0.9988)
Quadratic Regression ("1 / (y * y)" weighting): y = 0.00686 x^2 + 29.8 x + 136 (r = 0.9973)
Quadratic Regression ("1 / (y * y)" weighting): y = 0.0236 x^2 + 193 x + -443 (r = 0.9987)
Quadratic Regression ("1 / (y * y)" weighting): y = 0.00919 x^2 + 68.5 x + 86 (r = 0.9995)
Quadratic Regression ("1 / (y * y)" weighting): y = 0.0202 x^2 + 173 x + -791 (r = 0.9992)
Quadratic Regression ("1 / (y * y)" weighting): y = 0.0102 x^2 + 131 x + -63.1 (r = 0.9990)
Quadratic Regression ("1 / (y * y)" weighting): y = 0.0262 x^2 + 91.9 x + 400 (r = 0.9972)
Quadratic Regression ("1 / (y * y)" weighting): y = 0.00991 x^2 + 33 x + 31.1 (r = 0.9952)
Quadratic Regression ("1 / (y * y)" weighting): y = 0.00396 x^2 + 81.3 x + -259 (r = 0.9932)
Quadratic Regression ("1 / (y * y)" weighting): y = 0.0866 x^2 + 218 x + 1.46e+003 (r = 0.9987)

• Matrix: H2O  →  SPE for any other matrices 

• ADDA – Sciex 6500+ Triple Quadrupole MS
• Negative MRM charge state of parent: -4 or -5

• Working Range 39-909 nM
• Signal-to-noise at LLOQ ≥ 11.9
• Accuracy of low QC (99 nM) 91.7-109.3%

WORKS FROM WATER

• ASO, ssDNA, ssRNA, thioates up to ~25mers, longer run time for siRNA, dsDNA
• MS limitations – mass range and CID optimization



SPE OF OLIGOS



SPE OF OLIGOS
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HT-LC-
MS/MS OF 
OLIGOS

HILIC-NH4OAc

RP-NH4OAc

TRP BUFFERS

1

2

3



RP WITH NH4OAc
NH4OAc vs. Ion Pair agents

Michael Donegan, Jennifer M. Nguyen, Martin Gilar (Waters), J. Chrom. A, 
https://doi.org/10.1016/j.chroma.2022.462860



CALIBRATION
• GCTGCAGCCAGCTAGGTC (SVCT2 F) in HBSS, 

NH4OAc in H2O/MeCN, Hypersil Gold C18, 
10*2.1mm, 3um

• ADDA-6500+
• MRM (4-)
• S/N 47.7

39-909 nM

Quadratic Regression ("1 / (y * y)" weighting): y = 0.0019 x^2 + 10.2 x + 33.2 (r = 0.9966) 

QC level 5
Accuracy: 91.8-101.2%
CV%: 4.87

QC level 7
Accuracy: 93.5-105.0%
CV%: 5.79

QC level 3
Accuracy: 95.3-106.0%
CV%: 5.31

LLOQ 39 nM
Accuracy: 93.0-108.8 %
CV%: 4.61
S/N: 47.7



CALIBRATION (Inj.: 50 µL)
• (pdT)15 in HBSS, NH4OAc in H2O/MeCN, Hypersil Gold 

C18, 10*2.1mm, 3 µm
• ADDA-6500+
• MRM (4-)
• S/N 34.5

3.9-909 nM

Quadratic" Regression ("1 / (y * y)" weighting): y = 0.893 x^2 + 391 x + 358 (r = 0.9941)

100.6%

114.0%

109.1%

107.6%

114.5%

93.5%

LLOQ 3.9 nM
Accuracy: 90.2-113.5 %
CV%: 11.44
S/N: 34.5



25

HT-LC-
MS/MS OF 
OLIGOS

HILIC

NH4OAc

TRP BUFFERS
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2
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CALIBRATION (inj: 50 µL)
• GCTGCAGCCAGCTAGGTC (SVCT2 F) in BUFFER, 

NH4OAc in H2O/MeCN, Hypersil Gold C18, 10*2.1mm, 3 µm
• ADDA-6500+ MRM (4-)
• 10-1,000 nM

Buffer QC1 (37.3 nM) QC2 (139 nM) QC3 (518 nM) Analyte Quant

HBSS 99.70% 95.80% 91.80% 92.70% 94.10% 99.90% Quadratic Regression ("1 / (y * y)" weighting): y = 0.118 x^2 + 140 x + 96.2 
(r = 0.9964)

KH 88.00% 97.00% 89.70% 96.00% 100.80% 102.10% Quadratic Regression ("1 / (y * y)" weighting): y = 0.118 x^2 + 143 x + 904 
(r = 0.9969)

SM 111.50% 107.40% 100.50% 94.40% 96.10% 103.60% Quadratic Regression ("1 / (y * y)" weighting): y = 0.109 x^2 + 204 x + 559 
(r = 0.9974)

BSEP 108.30% 105.70% 107.80% 98.70% 98.00% 99.90% Quadratic Regression ("1 / (y * y)" weighting): y = 0.159 x^2 + 44.6 x + 145 
(r = 0.9928)

HBSS: Hank’s balanced salt solution
KH: Krebs-Henseleit Buffer pH 7.4
SM: Start mix
BSEP: Bile Salt Export Pump 



Buffer TEST 

TA/IS Mean Stdev CV%
H2O 1.09 1.08 1.01 1.06 0.04 3.45%

HBSS 3.86 3.72 3.70 3.76 0.07 1.83%
KH 3.72 3.87 4.00 3.86 0.11 2.94%
SM 4.69 4.87 4.78 4.78 0.07 1.49%

BSEP 3.42 3.53 3.74 3.56 0.13 3.73%

Peak Area Mean Stdev RSD%
H2O 26337 32698 27822 28952 2717 9.38%

HBSS 25238 28471 28293 27334 1484 5.43%
KH 22378 24408 26135 24307 1535 6.32%
SM 20427 22305 24999 22577 1876 8.31%

BSEP 15352 21027 21544 19308 2805 14.53%

1 µM 18mer (SVCT2), 100 nM (pdT)15 IS



Uptake 
transporter 
assay with HT-
LC-MS/MS
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Nusinersen / Spinraza



Buffer QC1 (37 nM) QC2 (139 nM) QC3 (518 nM) Analyte Quant

HBSS 99.90% 93.70% 110.90% 109.80% 89.10% 89.80%
Quadratic Regression ("1 / (y * y)" 

weighting): y = 0.713 x^2 + 7.07 x + -
668 (r = 0.9912)

• [2'-O-(2-methoxyethyl)](3'-5')(P-thio)(mU-mC-A-mC-mU-mU-mU-mC-A-mU-A-A-mU-G-mC-mU-G-G) in HBSS
• NH4OAc in H2O/MeCN, Hypersil Gold C18, 10*2.1mm, 3 µm
• ADDA-6500+ MRM (5-) : 1424.04/94.94 , 37-1000 nM

CALIBRATION



Future perspectives: evaluation of method performance for larger and duplex DNA targets and other matrices. Continuous improvement on detection limit.31

Summary
High-throughput quantitative measurement of 15-25 mer ssDNA from preclinical in vitro buffers with 1 
minute cycle time without strong ion-pair reagents was performed applicable for small therapeutic ASOs.

Method Matrix Sample 
preparation

Benefits Disadvantages

IP-RP-MS MIC OE • Generic
• Great separation

• Signal suppression
• Variability
• Contamination related MS down-time, 

maintenance, cleaning, long switch 
procedure

• Long acquisition
• HPLC column degradation

HILIC-MS Water SPE • Easy switch bw methods
• Fast
• Good separation

• Matrix effect

RP-MS MIC Simple • Low LLOQ
• Easy switch bw methods
• Fast

• LC selectivity
• ds oligos separation
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