ANALYSIS OF OLIGONUCLEOTIDE IMPURITIES ON THE BIOACCORD LC-MS SYSTEM WITH ACQUITY PREMIER
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OVERVIEW

Here we demonstrate the use of a novel chromatographic system,
equipped with a modified surface technology across its entire fluidic
path [1-2], for analysis of modified synthetic oligonucleotides and their
impurities. An automated workflow, suitable for both regulated and non-
regulated laboratories, was implemented for rapid mass confirmation
and purity analysis of modified oligonucleotides.

INTRODUCTION

Oligonucleotide therapeutics have emerged in recent years as a
powerful alternative to small molecule and protein therapeutics [3].
Manufacturing and quality control of oligonucleotide therapeutics
requires highly selective and sensitive LC/MS methods for impurity
identification and quantification. The most often used mass
spectrometry-based method for oligonucleotide analysis has been
reversed-phase chromatography employing a variety of ion-pairing
reagents and modifiers in negative ESI-MS mode.

Oligonucleotides contain a negatively charged phosphate backbone
known to interact with metal surfaces (like stainless steel, titanium or
MP35N — a Ni-Co alloy) typically found in the fluidic path of the UPLC
system. These interactions are often responsible for oligonucleotide
losses, poor chromatographic peak shapes or poor data reproducibility.
The MaxPeak HPS technology implemented along the UPLC fluidic path
and the OST column significantly reduced these unwanted interactions,
as demonstrated by the results shown in this poster presentation.

A comparison between separations performed on a regular OST column
versus a Premier OSTcolumn, showed that the regular column
produced poor results in terms of impurity recovery, even after extensive
passivation. Only 7 out of 14 oligonucleotide impurities were detected
on the regular OST column.

The data presented here demonstrates that a combination of
the bio-inert UHPLC system and column is critical for obtaining
accurate results in measuring low-level oligonucleotide

BioAccord LC-MS system with ACQUITY Premier

METHODS

Materials

A 21-mer heavily modified oligonucleotide, containing a 2’-OMe modification
on 19 of its nucleosides, having the sequence GUA ACC AAG AGU AUU CCA
UTT and the elemental composition C229H306N760143P20 was purchased
from ATDBIo (Southhampton, UK). Stock solutions were prepared in DI water
at a concentration of 1 pM (or 2.34 pg/mL), from which a 10 pL volume was
injected, which corresponds to loading 10 picomoles of the 21-mer

oligonucleotide on-column.

dified (A,G)
/Unmo
Base

modified: 5-Methyl C,U

Maodifications of the 21-mer oligonucleotide

LC Conditions

As part of the BioAccord™ LC-MS system, an ACQUITY™ Premier UPLC ™
unit was used for oligonucleotide separations on two columns: 1) a regular
OST column (P/N 186003950); 2) a Premier OST column (P/N 186009485).
The two columns had the same column dimensions: 2.1 x 100 mm, were
packed with the same 1.7 um BEH (Bridged Ethylene Hybrid) C18 particles
and were operated under identical experimental conditions. The column flow
rate was 300 pL/min and the column temperature was 60°C. The mobile
phase composition was: Solvent A: 7 mM triethylamine (TEA) and 40 mM
hexafluoro-2-propanol (HFIP) in Milli-Q water and Solvent B: 3.5 mM TEA, 20
mM HFIP in 50% methanol. Separations were performed using a 25-min

gradient from 25-35% B and the total runtime was 40 min.

MS conditions
ESI-MS spectra of oligonucleotides were acquired on the BioAccord LC-MS
platform in negative ion mode over the m/z range of 400-5,000 with a full scan
rate of 2Hz. The optimized ESI source parameters include: capillary voltage
0.8 kV, cone voltage 40V, source temperature 120°C and desolvation
temperature 400°C.

Informatics
Data acquisition and processing was performed using waters_connect
software. The LC-MS datasets were processed automatically using the
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Figure 1A. LC-UV chromatogram recorded on an ACQUITY Premier OST col-

umn.
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Figure 1B. LC-UV chromatogram recorded on a regular OST column. Analysis
of the same sample on a regular column (with stainless steel casing), having

the same dimensions and

packed with the same stationary phase (C18 1.7 um

particles, 130 A pores), resolved only half (seven) of the same impurities, com-
pletely missing a significant portion of the early eluting impurities. These results
can be explained by considering the adsorption effects of oligonucleotides on

the inlet and outlet frits of

the regular column [2]. When the sample is loaded at

the inlet of the column, the major oligonucleotide component can be used to
passivate the inlet frit, such as that minor oligonucleotide impurities are not ad-
sorbed to this frit. However, after undergoing the IP-RP separations, because
most of the oligonucleotide impurities elute before the major component, there
is a great possibility that the outlet frit would retain some of these impurities un-

til it gets fully passivated.

It is very likely that the first seven impurities (peaks

labeled 1-7) were not detected because they were adsorbed to the outlet frit of
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Figure 1C. Three replicates injections performed on the ACQUITY Premier
OST column. For better clarity, the red and blue traces are offset by +0.2 min

from the previous trace.
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Figure 2. lon pairing reversed-phase (IP RP) ESI-MS spectra recorded for:
(A) the most abundant sample component, the 21-mer heavily modified oli-
gonucleotide; (B) the least abundant sample component, an 11-mer oligonu-
cleotide impurity (see Table | for its sequence), present at 0.18% according
to the UV peak area measurement.

Protein name

I Peak 1 11-mer cligo

¥ Ppak 2 12-mer oligo

4 Peak 3 14-mer oligo

% Peak 4 15-mer oligo
©  Poak 5 16-mer aligo

Peak & Mod 17-mer oligo
Peak 7 18-mer oligo

Peak 11 Mod 20-mer oligo
Peak 12 Mod 20-mer ofigo
Peak & Mod 21-mer oligo

¥ Peak 9 Mod 21-mer oligo
T MAIN PEAK 21-mer oligo
" Peak 13 Mod 21-mer oligo

Peak 14 Mod 21-mer aligo

Observed mass (Da)

Expected mass (Da)

35954240
39386446
46411368
4984.3676
53176013
5650.8583
59940855
6696.5592
66975438
70117480
70117467
T030.7784
T031.7655
T031.7646

Mass error (mDa)

359546410 -40.1
393869670 =521
464116110 243
4984.39360 -26.0
5317.62800 -26.7
565094710 888
5994.09500 95
6696.57600 -16.8
669758390 =401
T011.71230 357
7011.71230 344
7030.77860 -0.2
7031.78650 210

703178650 219

Mass evror (pp

4.78

742

967
1293
1389
14.16
1782
204
2041
1813
18.95
2128
21.70
2200

1meLn
324355
2868.75
569073
544162
218312
885949
16066.20
2940555
761509
6534.93
520488.11
1641.51
217547

Observed RT (min) TUV Peak Area TUV Area Percentage :%l

Figure 3. Screenshot showing the waters_connect processing results ob-
tained after BayesSpray charge deconvolution of the ESI-MS spectra rec-
orded for the 21-mer major component and fourteen of its oligonucleotide
impurities. The mass accuracy error for measuring the accurate average
masses was better than 15 ppm for all sample components. The row corre-
sponding to the main component is highlighted in blue and it indicates a pu-
rity of 83.03%, while the abundance of the lowest abundant species (an 11-
mer oligo) was 0.18% (highlighted by a red circle).
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Table I. Fourteen oligonucleotide impurities identified in a 21-mer extensive-
ly modified oligonucleotide with the sequence GUA ACC AAG AGU AUU

CCA

UTT.
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Figure 4. Testing the inertness of the ACQUITY Premier UPLC BSM sys-
tem and OST Premier column using the 21 nt oligomer: (A) UV chroma-
togram of the lowest detectable concentration (0.5 nM, or 5 femtomoles
of the 21-mer oligonucleotide loaded on-column) compared against the
preceding blank injection; (B) replicate UV chromatograms obtained for
the lowest detectable concentration (0.5 nM), indicating that the UV peak
areas had RSDs below 15%; (C) carryover evaluation, showing the UV
chromatogram of a blank injection (red trace) following the injection of
the highest sample concentration (1000 nM or 10 picomole oligonucleo-
tide loaded on-column). There is no detectable signal from the 21-mer in
the blank, suggesting that the UPLC system and column do not retain
any analyte through non-specific adsorption to the various coated metal

UV Peak Area

R? = 0.9999

cn

Oligonucleotide concentration (nM)

Figure 5. Calibration curve of the 21-mer oligonucleotide showing line-
arity over three orders of magnitude. Peak areas obtained from the TUV
detector were plotted against a wide range of oligonucleotide concen-
trations, including 0.5, 1, 5, 10, 20, 100, 200 and 1000 nM. Excellent
signal linearity was obtained for this assay, indicating that very low oli-
gonucleotide concentrations can be recovered completely from a very
inert LC system that does not interact in any way with the analyte.

CONCLUSIONS

A category of products incorporating the MaxPeak'™ High
Performance Surfaces (HPS) including the ACQUITY™ Premier
UPLC BSM System and the Premier OST Columns provide critical
advantages for oligonucleotide impurity analysis

e Improved oligonucleotide analysis in terms of low detection limit
and chromatographic reproducibility is demonstrated using the
BioAccord Premier LC-MS system operated under compliant-ready
software

e The oligonucleotide impurity analysis workflow provides mass
confirmation for oligonucleotide impurities as well as their relative
abundance. The results from our study indicate that the LC-MS
platform provides good mass accuracy (better than 15 ppm) for
intact mass confirmation of modified oligonucleotides and their
impurities, while the LC-UV information allows for the
measurements of all the sample components, down to 0.2%
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