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Abstract

This application demonstrates the quantitative and qualitative capabilities of the Xevo G2-XS QTof and its
suitability for oligonucleotide bioanalysis. We also demonstrate comparable performance with the Xevo TQ-XS

Triple Quadrupole Mass Spectrometer for routine use.

Benefits

High resolution Xevo G2-XS QTof Mass Spectrometer is suitable for routine quantitation of oligonucleotides

such as GEM 91 (Trecorvirsen)

- ACQUITY Premier UPLC System and ACQUITY Premier Oligonucleotide Cig Column technologies improve

oligonucleotide chromatographic recovery, LLOQs, and linear dynamic range

Introduction

Interest in utilizing HRMS for quantification has increased for a variety of factors including increased mass range,

HRMS Quantitation of Oligonucleotides Using Xevo G2-XS QTof Mass Spectrometer


http://www.waters.com

alternative selectivity (relative to tandem SRM/MRM), and most importantly, its ability to collect additional
qualitative data. HRMS instruments are capable of quantitative performance that is comparable to that of tandem
(triple) quadrupole instruments while providing modern bioanalytical labs additional selectivity options and
analytical modes of acquisition (including DIA, DDA, and targeted modes). In the area of oligonucleotides, HRMS

in particular has been increasingly utilized.!

In this application note, we outline the performance capabilities of the Xevo G2-XS QTof HRMS platform for
oligonucleotides as well as compare typical bioanalytical figures of merit to the triple quadrupole platforms. Xevo
TQ-XS Triple Quadrupole performance and methodology has been previously described in detail a previous

application note.?

To demonstrate the capabilities of HRMS, detection and quantification of oligodeoxythymidines standards and
GEM91, a fully phosphorothioated antisense oligonucleotide (Figure 1) were performed on the Xevo G2-XS QTof
and compared to Tandem Quadrupole Mass Spectrometers using the ACQUITY Premier UPLC System.*
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Figure 1. GEM91 (Trecovirsen): d(P-Thio)(C-T-C-T-C-G-C-A-C-C-C-A-T-C-T-C-T-C-T-C-C-T-T-C-T)-DNA.
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Experimental

Stock solutions of the Waters MassPREP Oligonucleotide Separation Technology (OST) Standard (p/n:
186004135 <https://www.waters.com/nextgen/global/shop/standards--reagents/186004135-massprep-
oligonucleotide-standard.html> ) and the oligodeoxynucleotide phosphorothioate (GEM91; custom synthesized
by Nitto Denko Avecia, Milford, MA) were prepared at 1 mg/mL and 0.1 mg/mL respectively in proteinase
(RNAse) free water. LC-MS samples were prepared by diluting stock solutions in a reagent consisting of mobile
phase A and SPE eluate solvent at 50:50 volume ratio. A 250 ng/mL concentration of GEM 132 was used as IS to

evaluate/quantify GEM 91.

For additional methodology, please refer to the application note titled “Improved Oligonucleotide SPE-LC-MS
Analysis Using MaxPeak High Performance Technology” (
https://www.waters.com/content/dam/waters/en/app-notes/2020/720007019/720007019-en.pdf <
https://www.waters.com/content/dam/waters/en/app-notes/2020/720007019/720007019-en.pdf> ).

LC conditions

; 1% Hexafluoroisopropanol (HFIP) + 0.1% N, N-Diisopropylethylamine
MEBIEPNESES: | s immy Wi

0.75% Hexafluoroisopropanol (HFIP) + 0.0375% N,
N-Diisopropylethylamine (DIPEA) in 65% Acetonitrile

Mobile phase B

Purge solvent Water : Methanol (90:10 v/v)
Wash solvent Acetonitrile : Isopropanol : Water : Methanol (25:25:25:25 v/v/v/v)
Vials/plate Ql_,lanRecovery with Ma.xPe.a.kTOO pL Plate (p/n: 186009185)
with Round Plug Pre-Slit Silicone Cap-Mat (p/n: 186006332)
Eolimne) ACQUITY Premier Oligonucleotide C,, 1.7 ym, 2.1 X 50 mm
(p/n:186009484)
Column temp. 50°C
Sample temp. 856

Injection volume 10 L

Flow rate 0.6 mL/min
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Gradient

Flow rate
‘ (mL/min) ‘

Initial 0.600 95.0 5.0 6

3.50 0.600 75.0 25.0 6

4.00 0.600 10.0 90.0 6

4.50 0.600 95.0 5.0 6

5.00 0.600 95.0 5.0 6

MS Conditions

MS conditions system | Xevo TQ-XS Triple Quadrupole | Xevo G2-XS Qtof
lonization mode ESI ESI
Acquisition range MRM MS fullscan 300 to 1000 m/z
Capillary voltage 2.00 kV 1.50 kV
Cone voltage 50V 55V
Desolvation temp. 5002C 500 °C
Desolvation flow 1000 L/Hr 1000 L/Hr
Cone gas flow 150 L/Hr 50 L/Hr
Collision gas flow 0.2 mL/min N/A
Nebulizer gas flow 7 Bar N/A

Data Management
Instrument control software

MassLynx, v4.2

Quantification software

TargetLynx
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Xevo TQ-XS Tandem Quadrupole Xevo G2-XS QTof MS

Compound Precursor | Products | Cone voltage | Collision Precursor

(m/z) (m/z) (V) (eV) (m/2)

15T (-8) 561.5 302.8 30 15 (-6) 749.13

20T (-11) 546.5 303.3 30 20 (-9) 667.99

oST 25T (12) | 6274 3029 | 40 15 (-10) 753.12
30T (-11) 823.1 302.9 40 30 (-13) 696.19

35T (-12) 881.0 302.9 | 40 25 (-15) 704.51

GEM 91 (-12) 647.2 319.0 | 30 20 (-11) 705.88

GEM GEM 132 (-10) 659.3 319.0 I 30 20 (-9) 732,74

Table 1. Final MS conditions used for oligonucleotide analysis.

Results and Discussion

MS precursor and fragments used for the HRMS and MRM methods are shown in Table 1 (charges and m/z as
shown in Table 1 for OST standard and GEM 91). For HRMS analysis, target enhancement was applied to m/z
700, increasing sensitivity for a 50-100 Da mass range around the mass of interest. For each platform, the most
intense/selective charge state clusters were used and provided modest performance benefits to each platform.
In general, two or three charge state clusters out of the charge envelope were found to have high abundance

and could be selected depending on the nature and interference of background ions.

Chromatographic separation was achieved using an ACQUITY Premier BSM System, equipped with an ACQUITY
Premier Oligonucleotide Cy5 Column, 130 A, 1.7 pm, 2.1 x 50 mm (p/n:186009484 <
https://www.waters.com/nextgen/global/shop/columns/186009484-acquity-premier-oligonucleotide-c18-
column-130a-17--m-21-x-50-mm.html> ), using a 5-minute gradient (5-90% B) with 1% Hexafluoroisopropanol
(HFIP) + 0.1% N, N-Diisopropylethylamine (DIPEA) in water as mobile phase A and 0.75% Hexafluoroisopropanol
(HFIP) + 0.0375% N, N-Diisopropylethylamine (DIPEA) in 65% Acetonitrile as mobile phase B (flow rate 0.6
mL/min). ACQUITY Premier Columns incorporating MaxPeak High Performance Surfaces (HPS) Technology
minimized non-specific bindingand improved recovery and assay limits of detection. HPS Technology was
developed specifically to minimize metal interactions with analytes such as oligonucleotides, phosphopeptides,

small molecule organophosphates, and other analytes that have historically shown strong affinity towards metal
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surfaces.?

Figure 2 to Figure 4 show typical spectra observed for these compounds, showing both a general distribution of
charge state clusters (Figure 2) and close-up spectra for charge states selected for monitoring (Figure 3, 4).
HRMS enables characterization (identifying different isotopes/charge states) of an oligonucleotide molecule and
the ability to select isotope/charge state best suited to achieve good sensitivity, selectivity, and accuracy for
quantitation. During method development, multiple ions may be monitored. If a preferred ion is interfered with, a
different cluster or isotope within a cluster may be easily chosen. Similarly, multiple ions may be quantitated
simultaneously or monitored for interference. Finally, and perhaps most importantly, impurities, metabolites, and

adducting may be readily observed and provide more information into both the quality of the assay, as well as

additional information about potential interferences and changes in the samples themselves.
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Figure 2. Representative spectrum showing different charge state clusters of 25-mer OST Standard

(OST (25T7)).
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Figure 3. Close-up view of the [M-10H]'° charge state cluster used for quantitation of OST (25T) in

this experiment,

HRMS Quantitation of Oligonucleotides Using Xevo G2-XS QTof Mass Spectrometer



100 1 TOEE70 1: TOF MS ES-

705.783 GEM 91 ("H)

706.055
705.691 705.968

706.153
706.240

%

705.604

706.332

705.511

706.425

705.403
705.218

705267

705,071 706512 16 g0

706.692 706.784

T - miz
705 706

Figure 4. Close-up view of the [M-11H] """ charge state cluster used for quantitation of GEM 91 in this

experiment,

Figures 5a and 5b demonstrates the advantage of the high mass accuracy of HRMS for analysis of
oligonucleotides to extract narrow mass windows, thereby greatly improving the selectivity of the assay. As seen
in this figure, using a mass extraction window of 0.2 Da provided the best signal-to-noise, S/N and results in the
best overall sensitivity. The QTof gives the user the ability to choose the mass extraction window (MEW)

appropriate for the assay and fine tune selectivity. Figure 5 shows that in general, 0.2 Da was a good starting

point for these analytes, providing the best S/N.
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Figure 5a. Representative chromatogram highlighting the increase in sensitivity and specificity of GEM 91 on
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Xevo G2-XS QTof MS using various mass extraction windows from 0.02 to 2.0 Da.
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Figure 5b. Representative chromatograms demonstrating sensitivity and selectivity
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MEW of 0.2 Da.

Overall, HRMS performance was comparable to MRM quantification data observed on the Xevo TQ-XS Triple
Quadruole. A summary of standard curve performance for both OST (25T) and GEM 91 using HRMS or MRM
analysis is shown in Tables 2 to 5. On both mass spectrometers, the lower limit of quantification (LLOQ)
achieved was 1 ng/mL with a dynamic range from 1-1,000 ng/mL on the QTof and 1-10,000 ng/mL on the
tandem MS, The calibration curves were linear with r? values >0.99 (1/x? weighting) with mean accuracy of all
calibration points between 88-108%. Quality Control (QC) performance of Oligonucleotides OST and GEM 91 are

reported in table X, with mean accuracies between 81-110% and CV's between 0.2-10.1%.

OST (25T)
Calc conc. Accuracy Calc conc. | Accuracy
(ng/mL) (%) (ng/mL) (%)
Sil 1 0.990 990 0.985 98.7
$2 3 3.08 102.7 3.20 106.6
53 B 4.43 88.5 4.81 96.2
S4 10 9.09 90.9 9.96 99.7
55 50 46.7 925 51.1 1021
S6 250 291 1001 266 106.2
S7 5000 5255 105.1 5030 100.6
S8 9000 8830 98.1 8435 93.8
S9 10000 9625 96.3 9085 90.9
0.9969 0.99

Table 2. Linear dynamic range and standard curve statistics for GEM 91 and OST (25T), analyzed on Xevo TQ-XS

Triple Quadruole.
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OST (25T)

Std conc.
(ng/mL) Calc conc. Accuracy Calc conc. | Accuracy
(ng/mL) (%) (ng/mL)" (%)
Sl 0.992 99.4 0.989 98.9
52 1.91 95.6 i L2 99.3
S3 5.34 106.8 5.01 100.1
S4 10 10.3 102.8 10.9 108.4
S5 50 52.4 104.7 51.9 103, 7
S6 250 250 100.0 256 102.4
ST 500 497 99.4 508 @15
S8 900 866 96.2 833 92.6
S9 1000 931 93.1 928 92.8
0 99 006

Table 3. Linear dynamic range and standard curve statistics for GEM 91 and OST (25T), analyzed on the Xevo G2-

XS QTof MS.
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Analyte Calc conc. Accuracy
name (ng/mL) (%)
QcC1 B 4.80 96.1 10.1
QC2 s 74.7 99.7 1.2
GEM 91
QC3 4000 3913 97.8 1.0
QC4 8000 7400 92.5 3.0
QC1 5] 4.04 80.9 9.9
OST QC2 75 70.9 94.5 3.1
(25T) QC3 4000 4423 110.5 0.2
QC4 8000 7123 96.5 1.3

Table 4. QC sample statistics for GEM 91 and OST using the Xevo TQ-XS Triple Quadruole.

Nominal
Analyte ofming Calc Conc. Accuracy
name cone. (ng/mL) €
(ng/mL)
e 5 Sl 1825 5.6
Qc2 75 76.6 102.2 3.8
GEM 91
Qec3 400 421 105.2 12
QC4 800 764 95.4 2.9
Qci 5 5.20 104.0 7.8
Qc2 75 77.3 103.1 3.7
OST (25T)
QCc3 400 411 102.8 1.4
QC4 800 720 90.0 1.1

Table 5. QC sample statistics for GEM 91 and OST using the Xevo G2-XS QTof MS.
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Conclusion

- The Xevo G2-XS QTof MS has been proven to be a sensitive platform able to generate high quality data for
LC-MS-based quantitation with multiple acquisition modes, providing multiple options for quantifiable peaks.
It enables the ability to fine tune selectivity with the MEW and to select isotopes/charge states appropriate

for the assay.

Data (Tables 2 to 5) shows both Xevo G2-XS QTof MS and Xevo TQ-XS Triple Quadrupole MS can generate 1

ng/mL levels of sensitivity for oligonucleotides without compromising linearity, accuracy and precision.

- ACQUITY Premier LC System equipped with an ACQUITY Premier Oligonucleotide Cig Column are essential

tools for improving recovery and assay limits of detection for challenging analytes.

- The use of ACQUITY Premier technologies helps to mitigate metal adsorption, ensuring robust and sensitive

guantitation performance for quantitative bioanalytical assays.
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