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Abstract

lon-pairing reversed phase liquid chromatography is widely used to characterize the identity, purity, and integrity
of oligonucleotides and this is important to the development and quality control of both diagnostics and
therapeutic medicines. Detection sensitivity and retention of these polynucleotide analytes not only depend on
the surface chemistry but also pore size of the column stationary phase. The selection of an appropriate pore size
can enable longer oligonucleotides to efficiently interact with stationary phase and minimize restricted diffusion
effects such that improved peak capacities can be achieved. Here, we report the efficient separation of single
stranded (ss) heteromeric deoxyribonucleotide (DNA) ladders on an ACQUITY™ Premier Oligonucleotide BEH Cyg

300 A 1.7 um Column in a manner that is compatible with online mass spectrometric (MS) detection.

Benefits
New reference materials for oligonucleotide LC available as ssDNA oligonucleotide ladders

Excellent resolution of long-mer oligonucleotides with an ACQUITY Premier Oligonucleotide BEH C;g 300 A
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Column

Improved resolution for oligonucleotides exceeding 70 nucleotides while maintaining performance for shorter

oligonucleotides
Dependable and consistent separation performance independent of the applied ion-pairing reagent

Reproducible high-quality performance and confident mass measurements

Introduction

Advanced analytical tools are helping to accelerate the development of novel nucleic acid-based diagnostics and
therapeutics."* Reversed phase liquid chromatography coupled with mass spectrometry (RPLC-MS) is a
preferred choice for qualitative and quantitative characterization of the oligonucleotides during various stages of
development and pharmacokinetic studies. Volatile alkylamines acting as ion-pairing (IP) reagents improve the
retention and resolution of oligonucleotides on reversed phase column during these types of analyses.>” The
type of IP reagent determines separation selectivity and retention during IP-RPLC.2 Moreover, buffering IP
reagents with weak acids like hexafluoroisopropanol makes oligonucleotide IP-RPLC analysis compatible with

mass spectrometry (MS).8-10

Apart from the surface chemistry of a stationary phase, it is important to consider its pore size. The pore size of a
stationary phase can affect the selectivity, retention, and resolution of an oligonucleotide separation. Average
pore size determines whether an analyte molecule can diffuse into and out of the porous particle structure and
partition between the inter- and intraparticle spaces.!” Smaller pore size (90-130 A) stationary phases provide
larger surface areas per bed length and correspondingly longer retention times for shorter oligonucleotides
(<50mer) compared to wider pore size stationary phases (300 A) with relatively smaller surface area.'? However,
larger analytes encounter steric hindrance when traversing smaller pore structures. This can be seen when
analytes are restricted from accessing intraparticle surface areas or show peak broadening from impeding
diffusion out of a small pore. In contrast, the wider pore increases the accessibility to longer oligonucleotides and
improve the resolution.*'? Here, we present consistently improved resolution and high-quality performance for
oligonucleotides above 70mer including 80, 90, and 100mers on a 300 A pore size premier BEH C;g Column

compared to the smaller pore size column.
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Experimental

Sample Information

Reference materials were acquired from Waters (Milford, MA). The ssDNA 10 to 60 Ladder (Waters p/n:
186009449 <https://www.waters.com/nextgen/global/shop/standards--reagents/186009449-ssdna-10-to-60-
ladder.html> ) and ssDNA 20 to 100 Ladder (Waters p/n: 186009448 <
https://www.waters.com/nextgen/global/shop/standards--reagents/186009448-ssdna-20-to-100-ladder.html> )
(Table 1) were individually resuspended in 100 pL of Milli-Q water. After gentle mixing, the vial contents were
transferred to a 300 uL capacity polypropylene autosampler vial (p/n: 186002639 <
https://www.waters.com/nextgen/global/shop/vials-containers--collection-plates/186002639-polypropylene-12-
x-32-mm-screw-neck-vial-with-cap-and-preslit-pt.html> ) for ion-pairing reversed phase liquid chromatography

(IP-RP-LC) mass spectrometry (MS) analysis in negative ion mode using the BioAccord™ RDa detector.

Ladder DNA ‘ Elemen.t.::ll Nucleot.it.ie Monoisotopic Average
component Composition Composition Mass (Da) Mass (Da)

10 to 60 10mer CoaHipNo 0Py C:2T:3A:2G:3 3041.544 3043.046
15mer CusH1ssNg 0P 14 C4T:2A:12 G7 4631,799 4634.059

20mer CiaHo N0 Py C:5T:5A:5G:5 6114.05 6117.045

25mer CoasH 10N 530145P 4 C:7T:6 A:6 G:6 7638.297 7642.032

30mer CoooH 365N 1130177P e C:8T:7A:8G:7 9186.555 9191.044

40mer CagoHusoN1540534P 50 CN1T:8A:12G:9 12268.073 12274.055

50mer CaarH 61N 1010205Pie C:13T:11 A:14 G:12 15371.573 15379.066

60mer CeasH72aN3:0504Pso C:15 T:13 A:17 G:15 18484.085 18493.09

20 t0 100 20mer CiosH,46N750115P1o C:5T:5A:5G:5 6114.05 6117.045
30mer CoosH 36sN1130177Po C:8T:7A:8G:7 9186.555 9191.044

40mer CagoHusoN1540554P 50 C:11T:8A:12 G:9 12268.073 12274.055
50mer CiaHenNaiOseePis C:13T:11A:14 G:12 15371.573 15379.066

60mer CeasH72aN3:0504Pso C:15 T:13 A:17 G:15 18484.085 18493.09

70mer CoaeHasrN,70O04aPss | C:16 T:16 A:20 G:18 21611.596 21622.126

80mer CretHorsN30sOa7aPro C:19 T:18 A:22 G:21 24700.097 24712125

90mer CarsH110oNs4s0ea5Pss | C:22 T:21 Ai24 G:23 27763.591 2777711

100mer CorsH1204Nsss050sPes | C:24 T:23 A:27 G:26 30876.103 30891.135

Table 1. Individual components of the ssSDNA 10 to 60 Ladder and the ssDNA 20 to 100 Ladder.

Enhanced Resolution for Longer Oligonucleotide Analytes With a MaxPeak™ Premier Oligonucleotide BEH Cyg 3003
A Column


https://www.waters.com/nextgen/global/shop/standards--reagents/186009449-ssdna-10-to-60-ladder.html
https://www.waters.com/nextgen/global/shop/standards--reagents/186009449-ssdna-10-to-60-ladder.html
https://www.waters.com/nextgen/global/shop/standards--reagents/186009449-ssdna-10-to-60-ladder.html
https://www.waters.com/nextgen/global/shop/standards--reagents/186009449-ssdna-10-to-60-ladder.html
https://www.waters.com/nextgen/global/shop/standards--reagents/186009449-ssdna-10-to-60-ladder.html
https://www.waters.com/nextgen/global/shop/standards--reagents/186009448-ssdna-20-to-100-ladder.html
https://www.waters.com/nextgen/global/shop/standards--reagents/186009448-ssdna-20-to-100-ladder.html
https://www.waters.com/nextgen/global/shop/standards--reagents/186009448-ssdna-20-to-100-ladder.html
https://www.waters.com/nextgen/global/shop/standards--reagents/186009448-ssdna-20-to-100-ladder.html
https://www.waters.com/nextgen/global/shop/vials-containers--collection-plates/186002639-polypropylene-12-x-32-mm-screw-neck-vial-with-cap-and-preslit-pt.html
https://www.waters.com/nextgen/global/shop/vials-containers--collection-plates/186002639-polypropylene-12-x-32-mm-screw-neck-vial-with-cap-and-preslit-pt.html
https://www.waters.com/nextgen/global/shop/vials-containers--collection-plates/186002639-polypropylene-12-x-32-mm-screw-neck-vial-with-cap-and-preslit-pt.html
https://www.waters.com/nextgen/global/shop/vials-containers--collection-plates/186002639-polypropylene-12-x-32-mm-screw-neck-vial-with-cap-and-preslit-pt.html
https://www.waters.com/nextgen/global/shop/vials-containers--collection-plates/186002639-polypropylene-12-x-32-mm-screw-neck-vial-with-cap-and-preslit-pt.html

LC Conditions 1

LC system: ACQUITY Premier BSM System (part of BioAccord
System)

Detector: ACQUITY UPLC TUV Detector

Wavelength: 260 nm

Columns: ACQUITY Premier Oligonucleotide BEH Cqg, 300 A,

1.7 pm, 2.1 X 150 mm, p/n: 186010541

ACQUITY Premier Oligonucleotide BEH Cqg, 130 A,
1.7 pm, 2.1 X 150 mm, p/n: 186009486

Column temperature: 70 °C

Sample temperature: 4°C

Injection: 5uL

Flow rate: 0.3 mL/min

Mobile phase A: 7 mM Triethylamine (TEA) as the IP reagent and

40 mM 1,1,1,3,3,3-hexafluoroisopropanol (HFIP) in
Milli-Q water, pH 8.6

Mobile phase B: 3.5 mM TEA and 20 mM HFIP in 50:50 Methanol:
Milli-Q water
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Gradient Table 1

(mFLI;)r‘r’\vin) %A Curve
Initial 0.3 2is 5 *
60.00 0.3 75 25 6
61.00 0.3 50 50 6
62.00 0.3 95 5 6
80.00 0.3 95 5 6
Run time = 80 mins

LC Conditions 2

LC system: ACQUITY Premier BSM System (part of BioAccord
System)

Detector: ACQUITY UPLC TUV Detector

Wavelength: 260 nm

Columns: ACQUITY Premier Oligonucleotide BEH Cqg, 300 A,

1.7pym, 2.1 X150 mm

ACQUITY Premier Oligonucleotide BEH Cqg, 130 A,
1.7pum, 2.1 X150 mm

Column temperature: 70 °C
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Sample temperature: 4°C

Injection: 5L
Flow rate: 0.4 mL/min
Mobile phase A: 0.1% N,N-diisopropylethylamine (DIPEA) as the IP

reagent and 1% 1,1,1,3,3,3-hexafluoroisopropanol

(HFIP) in Milli-Q water

Mobile phase B: 0.0375% DIPEA and 0.075% HFIP in 65:35

Acetonitrile: Milli-Q water

Gradient Table 2

Flow
(mL/min)
Initial 0.4 95 5 *
60.00 0.4 82 18 6
60.50 0.4 5 95 6
61.00 0.4 95 o 6
80.00 0.4 95 5 6
Run time = 80 mins

MS Conditions
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MS system: BioAccord LC-MS

System
Detector: ACQUITY RDa

Detector
Mode: Full scan with

fragmentation

Polarity: Negative

Cone voltage: 40V

Fragmentation cone 80-200 V

voltage:

Mass range: High (400-5000 m/z)
Scan rate: 2 Hz

Capillary voltage: 0.80 kV

Desolvation 400 °C

temperature:

Informatics

The Intact Mass analysis application of the waters_connect™ platform was employed to compute the neutral

mass values of oligonucleotides.

Results and Discussion
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The ssDNA 10 to 60 and 20 to 100 Ladders were analyzed by IP-RP-LC-MS using a set of ACQUITY Premier
Oligonucleotide BEH C4g Columns containing 300 A or 130 A pore size sorbents. Data were acquired in triplicate
in negative ion mode, where the cone voltage of electrospray source was alternated between low energy (40 V)

and high energy (80-200 V) to acquire the mass values of intact and fragmented oligonucleotides.

Improved resolution of oligonucleotide analytes using a 300 A pore size BEH Cyg sorbent is illustrated in Figures
1-2. Figure 1 shows an overlay of the LC-UV chromatograms obtained with both the ladders using a triethylamine
(TEA)-HFIP mobile phase system. Although these columns with different pore size sorbents exhibit similar
chromatographic resolution up to 60mer, the wide pore 300 A column exhibited marked improvement of the
separation for 70, 80, 90, and 100mers compared to 130 A pore size column. The latter column resolved 70 and
80mer as one set of peaks compared to the 90 and 100mer peak set, where the individual components of the pair
are only partially resolved. However, both columns yielded the expected number of oligonucleotide peaks, eight
for 10 to 60 ladder and nine for 20 to 100 ladder. Importantly, the resolution of shorter oligonucleotides is also
maintained without any compromise due to the use of the wider pore column. Interestingly, the identical
oligonucleotide standards (20, 30, 40, 50, and 60mer) present in both ladders exhibited near identical retention
times even though each ladder was injected independently. This type of reproducible behavior is highly suited to
the detection of identical analyte/s in multiple samples, as is encountered in oligonucleotide therapeutic
development, DMPK studies and bioanalysis. The oligonucleotide component observed in each chromatographic
peak was confirmed by the acquired electrospray MS spectra (data not shown). As predicted, the 130 A pore size
column produced longer retention times compared to wider pore sorbent column, presumably due to higher pore

surface area as proposed in other studies.”?

Enhanced Resolution for Longer Oligonucleotide Analytes With a MaxPeak™ Premier Oligonucleotide BEH Cyg 3008
A Column



50 5
70 g4
15 25 90
100
| ey ot | —
18 22 26 30 34 38 42 46 50 54 58
B Retention time (min) 100
e 130 A
15 20 30 40
25 50 60
7080
0
et
24 28 32 36 40 44 48 52 56 60

Retention time (min)

Figure 1. Comparative separation of single stranded DNA oligonucleotide ladders (black trace:10-60, red trace:
20-100 ladder) on an ACQUITY Premier BEH C;g Column with 300 A (A) and 130 A (B) pore sizes. IP-RPLC-UV
chromatograms of oligonucleotide ladders obtained with a TEA-HFIP mobile phase system are shown. Peaks are

annotated by their corresponding nucleotide lengths.

Figure 2 depicts the chromatographic profiles of 10 to 60mer and 20 to 100mer ladders following IP-RP-LC-MS
on the 300 A pore size column using a diisopropylethylamine (DIPEA)-HFIP mobile phase. This mobile phase
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system exhibited slightly improved resolution for 70, 80, 90, and 100mer DNA ladder components. This indicates
robust separation performance for more than one mobile phase system. The slightly enhanced chromatographic

resolution that came with the use of DIPEA made it possible to achieve even higher quality MS data.”®
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Figure 2. IP-RPLC-UV-MS chromatograms of oligonucleotide ladders (A: ssDNA 10 to 60 Ladder, B: 20 to 100
Ladder) obtained by using an ACQUITY Premier Oligonucleotid BEH C;g 300 A 1.7 um Column and DIPEA-HFIP
mobile phase system. UV trace is denoted by black and TIC by red trace. Peaks are annotated by their

corresponding nucleotide lengths.

The mass measurements of the resolved oligonucleotide peaks are illustrated in Figure 3 and Table 2. Figure 3
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shows the electrospray ion series of the mass spectra obtained for the chromatographic peaks corresponding to
90 (59.12 min, MW 27,778) and 100mer (59.90 min, MW 30,892) ssDNA ladder components. Intact mass analysis
of each spectra revealed neutral mass values that correspond well (mass error of <60 ppm) with the expected

average mass values.
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Figure 3. Intact mass analysis of the LC-MS spectra of 90 (A) and 100mer (B) oligonucleotide components from
the ssDNA 20 to 100 Ladder. The electrospray series of multiply charged ions were deconvoluted using the Intact
Mass application of waters_connect to get the neutral mass values. The chromatographic peak (i), mass

spectrum (ii) and the deconvoluted mass values (iii) are shown. Mass error is indicated in ppm.
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Samns DNA Monoisotopic | Average mass : Experimental Mass error
component mass (Da) (Da) intact mass (Da) (ppm)
10 mer 3041.544 3043.046 3041.666 40
15 mer 4631.799 4634.059 4631.959 35
20 mer 6114.05 6117.045 6114.403 58
10-60 25 mer 7638.297 7642.032 7638.717 55
Ladder 30 mer 9186.555 9191.044 9186.353 -22
40 mer 12268.073 12274.06 12268.370 24
50 mer 15871573 15379.07 15380.000 60
60 mer 18484.085 18493.09 18494.000 49
20 mer 6114.05 6117.045 6114.354 50
30 mer 9186.555 9191.044 91861353 -22
40 mer 12268.073 12274.06 12268.370 24
50 mer I587E57S 1587207 15380.000 60
igt_illoe(l)’ 60 mer 18484.085 18493.09 18494.000 49
70 mer 21611.596 21622.13 21623.000 40
80 mer 24700.097 2471213 24713.000 85
90 mer 27763.591 2777711 27778.000 32
100 mer 30876.103 30891.14 30892.000 28

Table 2. Deconvoluted mass values of the electrospray ion series of the mass spectra obtained with the ACQUITY
Premier Oligonucleotide BEH C;5 300 A 1.7 um Column using a DIPEA-HFIP mobile phase system. The neutral
mass values produced by the Intact Mass application of the waters_connect platform were compared against
either monoisotopic mass (light blue shade) or average mass (light green) of the oligonucleotides to compute

the mass error in ppm.

Table 2 depicts the intact mass values of the individual oligonucleotides following deconvolution of the mass

spectra by the Intact Mass application of the waters_connect platform. Examination of these deconvoluted mass
values indicated higher propensity to match with the monoisotopic mass for oligonucleotides up to 40mer (MW
12,268) and average mass at above 50mer DNA (MW 15,380). This observation confirms that the BioAccord LC-

MS System and its RDa mass spectrometer tends to produce a mass resolution of approximately 10,000.

Finally, UV detector response was assessed and found to be highly reproducible when examined from three

independent injections of each ladder where the RSD values were <3% (Figure 4).
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Figure 4. Reproducible TUV detector response of the individual oligonucleotides from three injections of each
ladder. Blue bars denote the response of components from the ssDNA 10 to 60 Ladder and orange bars indicate

the same from the ssDNA 20 to 100 Ladder. The RSD of detector response stayed <3% for all measurements.

Conclusion

The ACQUITY Premier Oligonucleotide BEH C;5, 300 A Column provides improved resolution for longer
oligonucleotide analytes while maintaining excellent resolution of shorter oligonucleotides. The availability of two
new LC-Certified reference materials made it possible to quickly confirm the suitability of this type of column
with two different ion pairing mobile phase systems. Oligonucleotides of the same size and nucleotide
composition exhibited identical retention times irrespective of the sample origin, indicating that these

methods are highly suitable for peak tracking and peak ID applications. Ultimately, the combination of high peak
capacity column described here and the compliance ready BioAccord LC-MS System has made it significantly

easier to achieve in depth analyses of oligonucleotides (and potentially beyond) of 100 nucleotides in length.
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