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« The advances in high-speed chromatography, mass spectrometry, and software have been used
in this study to develop high throughput workflows utilizing quantitation by mass spectrometry
detection to match this growing requirement. In this abstract we present the analysis of synthetic
oligonucleotides with respect to product identification, purity, and speed of analysis in a compliant
environment.




Introduction

Primary Challenge

Throughput limitations due to
LC method overhead times
can account for up to 50% of
the total analysis time

Additional software is often
required for data analysis

Novel approach

Rapid analysis of
oligonucleotides and
impurities using a dual UHPLC
system coupled to a HRMS
with automated sequence
annotation in a compliant
ready software.
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Overview content Summary

An oligonucleotide method
confirming product identity in a
rapid-fire configuration, impurity
analysis and desalting using a
fast gradient in a tandem column
configuration, and high
throughput sequencing with
MS/MS enabled was developed.



Materials and Methods

Sample prep LC- Parameters MS and Data Analysis methods
5pmol of each oligonucleotide «  The Oligonucleotide samples * The eluting analytes were
sample was analyzed using were separated on a Thermo measured on the Thermo
I ifirT™ I icT™
either a high throughput Scientific™ DNAPac RP Scientific™ Orbitrap Exploris
: 240 mass spectrometer in
method or column using a Thermo neqative ion mode. Data
chromatographically Scientific™ Vanquish™ Duo J '

_ analyses and system control
separated to perform desalting UHPLC system. The columns were performed with Thermo
and impurity analysis, using a were maintained at 60° C, Scientific™ Chromeleon™
tandem column workflow. with a flow rate of 400 pL/min. 7.2.10 CDS, and any additional

sequence data analysis was
performed with Thermo
Scientific™ BioPharma
Finder™ 4.1 software.



Results: standardization and productivity

Rapid fire LC-MS system
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* Rapid injections of 30 sec
«  Short gradients possible or isocratic rapid injections

*  Charger system available for long unattended sequences
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Maximizing productivity

Dual tandem LC operation to re-equilibrate one set of columns
while the other set is running the sample gradient

Pos. 1-2 Pos. 6-1
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Results: standard methods and productivity

MS system parameters

Full Scan only

+ |Intact Protein Mode
(Standard Pressure)

+ Orbitrap Resolution:

120,000 [higher for 100mer]

+ Polarity: Negative

« UV: 260 nm

* Microscan 3 to 5

ddMS?
Peptide Mode

Orbitrap Resolution (at m/z
200): 120,000 (MS1),
30,000 (MS2)

Polarity: Negative

Stepped Normalized
Collision Energy: 10-12-14
to 20-22-24 (18-20-22 for
impurity analysis)

«  High resolution MS and MS/MS

Maximizing productivity

The MS only method was used for the rapid analysis of
oligonucleotides with intact deconvolution.

The ddMS2 method was used for sequence analysis of
oligonucleotides and was used on QE Plus, orbitrap Exploris
120 and 240

Enables the identification and relative quantification of
oligonucleotides and their impurities, even those present at
very low levels, in a single experiment.

Easy to do with Chromeleon software for compliant intact
analysis and BioPharma Finder for automated annotation and
identification with sequence analysis



Results: precision with accurate identification in

BioPharma Finder software
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Quality of results at 120,000 resolution while maintaining sensitivity to see low abundant species
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Results: precision with isotopic resolution in Chromeleon FEEAEE

Quality of results at 120,000 resolution with UV and HRMS data collection in Chromeleon
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Results: sequence analysis

40mer siRNA full sequence analysis .

r\m s\lm sﬁnks\im sr\m s\im s.-\m s\ans.-\m shtm s.-\m x\[m se\m m\lm s:\m s\lm sr\m s\lm sﬁnks\im sr\m sMm-sAm- s\{m sAm- mm sAm- s‘\[m s«\m st s:\rn shim- sAm- M- ar\mrs\im sAm-shm-sAm- s\{m

c34[8-)1504.9)

o28[En)(1473.5)

%22[S-](1558.2)

XIB[&-[(1573.7)

c21[5-}{ 1484.0)

=19[S-J1344.4)

ARO[ J(13972)

BIS[E-](1330.4)

c1B[4-)1 592 5

I} 1506.3)

bL6[-)(1396.5)

eup-]gw..z)

LTITES ]g 274.2)
CI0[3-}(1180.1)

S[1595.T)

2-H1241.2)

yI[8-)1219.4)
FUOE-J1155.5)
13907

Y[EJ1494.T)

8[2-J1377.2)

T3]3 )1405.5)

100 m A2 1
R 11733158 -1
80 A 12801631
. 679.8602 9387180 14083789
407 8281035 1ok To0e
: 17604762 212,189

2

l. J ) 157,067 12327297 1301.1821 14827655 L1623i6278 1698.2334 ‘l lmlg—“%o 1906.9432 19809485 12?_6.5_-:‘3242
[T " v : vt fetlrirb T i I T |‘ T ‘| T 4

800 900 1000 1100 1200 1300 1400 1800 1600 1700 1800 1900 2000 2100
2 0m . . 140918770
: Isotopic resolution BT
2 8 )8
3 14089.6662
2 @ 8 140066711
$ . 140386652 14008 8564
©
s 2 14089.8535 14100 8594

140830268 | \ | | 141038023
0 T T T T T T T T T T & T T T T T T T T T T LI T —— T T
14070 14075 14085 14090 14005 14100 14105
Mass

ThermoFisher

SCIENTIFIC

Reporting

+ Target mass is compared with experimental mass to give a “pass/Fail”
with Chromeleon in a compliant environment
* Caninclude fractional abundance
Component identification
UV and HRMS signal reported
»  Oligonucleotide sequencing with automated annotation within
BioPharma Finder software
Injection Details ‘
No. :::jection Expected mass Target Mass is most TargetAccuracy  Fractional Abundance Result Component Calculated
ame abundant component Count Mass
Da % Da
1 Sample D11 108020 Pass 5 73 5 10805.0
2 Sample F04 138399 Pass 5 52 0 13843.9
3 Sample HO7 183049 Fai 5 28 19 18400.4
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Conclusions

We developed high-throughput methods using the Vanquish Duo UHPLC system with DNAPac RP
columns coupled with Orbitrap Exploris mass spectrometers. Rapid fire methods of 30 seconds are
possible or tandem gradients for desalting and impurity separations. Using high resolution Orbitrap
mass spectrometry methods, isotopic resolution can be achieved while maintaining the sensitivity
required to confidently identify low abundant species.

MS/MS fragmentation methods allow sequence confirmation of oligonucleotides up to 100nt with
automated annotation within BioPharma Finder software.

Rapid oligonucleotide primer QC testing is possible in a compliant environment using Chromeleon
software for instrument control of the dual UHPLC and HRMS Orbitraps. Oligonucleotide
deconvolution and “Pass/Fail” reporting within the same compliant software package.
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