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OVERVIEW

Here we are demonstrating an automated, compliance-
ready LC-MS workflow for intact mass confirmation and
purity analysis of synthetic oligonucleotides including
small interfering RNA (siRNA) and large single guide (sQ)
RNA oligonucleotides and their impurities.

INTRODUCTION

e Synthetic oligonucleotides have emerged in recent
years as a powerful alternative to small molecule and

protein therapeutics [1].

e Manufacturing and quality control of oligonucleotide
therapeutics requires highly selective and sensitive LC-
MS methods for impurity detection and quantification.

e 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 (IP-
RP LC-MS).

e An automated workflow for analysis of synthetic

the LC-MS

system was recently described [2-5].

oligonucleotides employing BioAccord

e Here we introduce an automated, compliance-ready
INTACT
Mass application which is shown to provide better than

workflow embedded in the waters_connect
10 ppm mass accuracy for intact mass confirmation of
SsiRNA oligos and their impurities and better than 20
ppm mass accuracy for larger oligonucleotides - single
guide (sgRNA) 100-mers and the corresponding
impurities.

BioAccord System with ACQUITY™ Premier System

Sample Preparation

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

Ten nanomoles of a 100-mer sgRNA oligonucleotide encoding for the
HPRT1 enzyme (hypoxanthine phosphoribosyltransferasel) were purchased
from Integrated DNA Technologies (Coralville, 1A). The oligonucleotide se-
quence 5-G*A*U* GAU CUC UCA ACU UUA ACG UUU UAG AGC UAG AAA
UAG CAA GUU AAA AUA AGG CUA GUC CGU UAU CAA CUU GAA AAA GUG
GCA CCG AGU CGG UGC U*U*U* U-3’ has the elemental composition of
C959 H1183 N376 0691 P99 S6 and an average molecular weight of
32,292.5513 Da. The RNA oligonucleotide contains a 2’-OMe modification
on its first three 5’ nucleotides (G*A*U*) as well as on its last three 3’ nu-
cleotides (U*U*U*) and the asterisk indicates that all these six nucleotides
are phosphorothioated. Stock solutions of the sgRNA oligonucleotide were
prepared in DI water at a concentration of 5 uM, from which a 10 pL vol-
ume was injected onto a RP column, which corresponds to loading 50
picomoles of the 100-mer oligonucleotide on-column.
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METHODS

Experimental Conditions
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A BioAccord system with an ACQUITY™ Premier UPLC® system equipped with a 2.1 x 100 mm Premier OST column (P/N 186009485) was used for all
oligonucleotide separations. For separation of the 21-mer siRNA oligonucleotide and its impurities, a IP-RP mobile phase containing 7 mM TEA, 40 mM HFIP
pH 8.6 was used as Solvent A, while the composition of Solvent B was 3.5 mM TEA, 20 mM HFIP in 50% methanol. Gradient separations were performed from
25% B to 35% B over 25 min. For separation of the 100-mer sgRNA oligonucleotide and its impurities, the IP-RP mobile phase contained 8 mM DIPEA
(diisopropylethylamine), 40 mM HFIP (Solvent A) and 4 mM DIPEA, 4 mM HFIP in 75% acetonitrile (Solvent B). Gradient separations were performed from
12% B to 17% B over 25 min. For both oligonucleotides investigated here the column flow rate was 0.3 mL/min and the column temperature was 60°C.

RESULTS

GUA ACC AAGAGU AUU CCAUTT = 21-mer
—_—

Premier OST column, 2.1x 100 mm, P/N 186009485
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9 10 n 12 13 14 15 16 17 18 19 20 22 22 23 24 25 26 27 28 2

Retention time |min]

Figure 1. TUV chromatograms showing the separation of oli-
gonucleotide impurities from a 21-mer heavily modified oli-
gonucleotide on an ACQUITY Premier OST column.

o —
0.06

CTE e Y

o
(=]
P

TERT
1 ~. | |
2)2.1x 100 mm Pramiss 05T colume, 130 A pores [186003485) || ‘ | |

[=)
=)
s

3) 2.1 x 100 mm Premier CSH column, 120 A (186000461 | / ‘
| 1
i
7\| | |
)
{ .'t\ \
II |I N\,
I|I )

'/'"’ 5 ),-'! &Q\W}

125 13 135 14 145 15 155 16 165 17 17.5 18 185 19 195 20 205 21 215 22
Retention time [min]

Absorbance [AU]
o o
(=] o
(%) w

o
o
=

Figure 3. TUV TUV chromatograms showing the separation
of the 100-merr sgRNA and its impurities on three Premier
columns with the same dimensions (2.1 x 100 mm) and
packed with three different types of C18 1.7 um particles:
130 A pores for the OST Premier column (black trace), 300
A pores for the Premier PST column (red trace) and 130 A
pores for the CSH (charged surface hybrid) column (blue
trace). An oligonucleotide impurity identified as the 100-
mer oligo containing only a single modification (PS to PO
conversion, — 16 Da modification) is clearly resolved much
better by the CSH column (see the black arrow sign) com-
pared to the other two columns. The separations were per-
formed under identical experimental conditions.

@ INTACT Mass

Peak no: Summ
Product 3 13 3A

1 Impurity  32,291.5513  32291.5513 PS to PO 32,275.4

2 duect 32,2918 22015513 MAIN PEAK 4 E
Na adduct  #roduct 13 91.5513 +Na 9

3 mpurity 3 32,328.38 3

3 impu 3 i1y

4 urity 5513 3 2,36

5 mp 3 32291.5513 n+Phosphate 32,372.20

Peak no:

1 01423 n-OMeA[S) & n-OMeSMeC[2] & n-OMeG(2] & n-OMeSMeU
2 D1423 n-OMeAl4] & n-OMeSMeC[2] & n-OMeG[2) & n-OMeSMel
3 1423 n-OMeA[3) & n-OMeSMeC(2] & n-OMeG & n-OMeShiel
4 D1423 n-OMeA[2] & n-OMeSMeC(2] & n-OMeG & n-OMeShel
5 D1423 n-OMeAl2] & n-OMeSMeC & n-OMeG & n-OhteSMell
6 D1423 n-OMeA & N-OMeG & n-OMeSMeU
7  D1423n-OMeA
9 D1423 n-OMesMey

10 D1423 n-OMeSMeC
8 1423 unknown[-NH5]

oz MAIN PEAK

11 01423 Deamination

@ INTACT Mass

4,981,988 4,981.975

5.315.046 5315.048

5.991.181 5991.188 1.2 pass 17.76 17.72 7.942 14

6,684.310 6,684.308 0.3 pass 19.59 13473 24

6,693.332 6,693.320 1.9 pass 2013 2008 13.283 23

6,694.315 6,694.304 26,001 45

7.008.354 7,008.334 13.283 23

7.027.390 7.027.376 .22 2119 469,430 820

7.028.315 26,001 a5

Figure 2. Screenshot with the processing results generated by the
INTACT Mass software for the analysis of a 21-mer oligonucleotide
and its impurities. The dataset was deconvolved using the BayesS-
pray charge deconvolution algorithm and eleven oligonucleotide im-
purities were identified with mass accuracies of under 10 ppm. The
first impurity displayed in this table, an 11-mer oligonucleotide, has
the lowest detected abundance at 0.2% according to the UV meas-

urement.

006

|

0055; I red trace: blank preceding sample injection
|
0.05|

Absorbance [AU]

1525 157516 1625 1675171725 1775181825 1875191925 1975202025 2075212125 2175222225 2275232325 2375 24 2425

2475 25
Retention time [man]

Figure 4. TUV chromatogram showing the separation of oligonu-
cleotide impurities from a 100-mer sgRNA oligonucleotide. The
sample was analyzed on a 2.1 x 100 Premier CSH column using a
25-min gradient. The red trace corresponds to the blank preceding

sample injection.

Figure 5. Section of the INTACT Mass report displaying the processing results obtained for the analysis of the 100-mer sgRNA oli-
gonucleotide. Four closely related impurities, all 100-mers, were putatively identified with mass accuracies under 20 ppm. Impuri-
ty abundances were calculated based on their ESI-MS response and the lowest detected impurity was an extra phosphorylated
100-mer oligonucleotide (peak no 5) present at ~ 1% abundance level.

CONCLUSIONS

e The compliance-ready waters_connect INTACT Mass Application performs automated, fast deconvolution of oligonucleotide
spectra across the entire chromatographic space, providing fast impurity assignments as well as the required metrics (mass

accuracy and abundance) to support impurity analysis.

e The INTACT Mass Application is shown to provide better than 10 ppm mass accuracy for intact mass confirmation of siRNA
oligonucleotides and their impurities and better than 20 ppm mass accuracy for longer sgRNA oligonucleotides analyzed with

an IP-RP LC-MS assay.

e The workflow described here provided purity information for sample components, down to ~ 0.2% abundance levels for siRNA
oligonucleotides and down to — 1% abundance levels for sgRNA oligonucleotides.

e The BioAccord System with ACQUITY™ Premier and the Premier CSH Column are ideally suited for detailed intact mass
confirmation and purity of siRNA and single guide RNA oligonucleotides (sgRNA)
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