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Oligonucleotide sequencing using a streamlined ion-pair reverse-
phase LC-MS/MS workflow with automated data analysis
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This technical note highlights a streamlined oligonucleotide
(oligo) sequencing waorkflow using ion-pair reverse-phase liquid
chromatography-tandem mass spectrometry (IP-RP LC-
MS/MS] and automatic data analysis. This workflow comhines
excellent chromatographic separation and high-quality MS/MS
data of oligos with intuitive and automated software toaols,
leading to rapid oligo sequencing with improved user
experience.

Oligo therapeutics are promising drugs targeting a variety of
diseases through various mechanisms of action.! Synthetic
oligos often carry various maodifications and product-related
impurities. IP-RP LC-MS and MS/MS are commonly used to
characterize oligos and their impurities. A streamlined
workflow-from chromatographic separation to data acquisition
and analysis—is essential to enable rapid mass measurement,
sequence confirmation, and impurity assessment, accelerating
the development and decision-making process of therapeutic

Key features of the streamlined IP-RP LC-MS/MS
workflow for oligo analysis

Streamlined: Oligo analysis is streamlined from
chromatographic separation to MS/MS data acquisition and
interpretation

Flexibility: SCIEX OS software allows the user to build data-
dependent CID methods using a fixed collision energy [CE)
with spread or custom dynamic CEs, providing flexibility to
obtain optimal MS/MS fragmentation of oligos in different
lengths or charge states

Simplicity: Biologics Explorer software provides easy-to use
data analysis workflows for oligo sequence creation, intact
deconvolution, mass mapping, and MS/MS sequencing

Consistent recovery: Biozen Oligo LC column combines core-
shell particle technology and bicinert hardware, significantly
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Figure 1. A streamlined IP-RP LC-MS/MS workflow for oligo sequence analysis. In this workflow, oligos are separated based on IP-RP chromatography using a
Phenomenex Biozen Oligo LC column, followed by LC-MS and MS/MS data acquisition using a ZenaTOF 7600+ system or a ZenaTOF 8600 system. Oligo
deconvolution and sequencing are performed using intuitive data analysis warkflows within Biologics Explorer software, v8.0.3. This powerful software
provides ease and flexibility in defining oligo sequences, creating custom-modifications, performing intact devolution based on monoisotopic or average

mass, and conducting oligo sequencing using MS and MS/MS data.



Methods

Sample preparation: A synthetic oligo 18mer with full
phosphorothioate (PS] linkages was purchased from Integrated
DNA Technologies (IDT). An antisense oligo [ASO] 20mer with a
maleimide C2 linker [ASO-MC] on the 3’ end was ordered from
VectorBuilder. A stock solution of 1 mg/mL was prepared for 2
oligos. This solution was diluted to 10 ng/uL, from which 5 pL
(50 ng) was injected for LC-MS analysis.

IP-RP LC separation: Oligos were separated based on IR-RP
chromatography using a Phenomenex Biozen Oligo LC column
(2.6 um, 50 x 2.1 mm)] installed on a Nexera XS inert HPLC
system (Shimadzu]. The separation was performed using the
gradient shown in Table 1 with a column temperature of 60°C
and a flow rate of 0.3 mL/min. Mohile phases A and B are water
and methanol/water (1:1 v/v), respectively, with 50 mM
1,1,3,3,3-hexafluoroisopropanol (Sigma-Aldrich] and 15 mM
diisopropylethylamine [Sigma-Aldrich].
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Figure 2. Oligo sequencing workflow from Biologics Explorer software.
Biologics Explorer software offers a prebuilt, intuitive data analysis workflow
for oligo sequencing using MS/MS data. This workflow consists of 3 main
sections, including data selection and processing, sequence candidate
generation, and mass and MS/MS mapping. The activities marked with a star
contain MS/MS specific settings.

Table 1. Gradient for IP RPLC separation.

Time Mobile phase A Mohile Phase B
(Min) (%) (%)
Initial 80 20

1 80 20

10 30 70

11 5 95

13 5 95
131 80 20

15 80 20

Mass spectrometry: MS data were acquired using a data-
dependent acquisition [DDA]) method with CID in the negative
mode on a ZenoTOF 7600+ system [SCIEX] or a ZenoTOF 8600

system (SCIEX]. The key instrument parameters are listed in

Table 2.

Table 2. Source and CID DDA parameters.

Parameter MS MS/MS (CID]
Warkflow Intact proteins
Curtain gas 35
CAD gas 9
lon source gas 1 50 psi
lon source gas 2 50 psi
Temperature 4o0°Cc
Spray voltage -4,500V or -3,000 Vi
Time bins to sum 8
Declustering potential -80Vor-40V
Start mass 500 Da 150 Da
Stop mass 3,000 Da 2,000 Da
Accumulation time 02s 0.08s
Collision energy -10V -(30-50] V or custom
CE spread - 100r0
Max. candidate ions - 8
Charge states - 2-12
Q1 resolution - Low

'Settings specific to the ZenoTOF 8600 system
i CE equation of CE = 0.0273 x (m/z) + 0.8961 was used for all charge states
with the dynamic CE option enahbled.?

Data analysis: Oligo sequence creation and intact
deconvolution of TOF MS data were described previously. CID
DDA data were processed using an oligo sequencing workflow

(Figure 2] within Biologics Explorer software, Version 8.0.3

(SCIEX).


https://www.phenomenex.com/part?partNo=00B-4790-AN
https://sciex.com/products/mass-spectrometers/qtof-systems/7600-plus-system?campaign=21956369967&content=751320911918&keyword=7600%2B%20sciex&device=c&matchtype=e&adgroupid=177154003097&adplacement=&utm_medium=cpc&utm_source=adwords&utm_term=R-S-U-global-us-adwords-account&gad_source=1&gad_campaignid=21956369967&gbraid=0AAAAADvoGEdxrQL_CEXQu6giGqyRwKXaZ&gclid=EAIaIQobChMIjo2ttfW9kwMVNwytBh3mNCLMEAAYASAAEgLZUPD_BwE
https://sciex.com/products/mass-spectrometers/qtof-systems/8600-system
https://sciex.com/products/mass-spectrometers/qtof-systems/8600-system
https://sciex.com/products/software/biologics-explorer-software?campaign=22082152030&content=751322926307&keyword=biologics%20explorer&device=c&matchtype=e&adgroupid=179363379996&adplacement=&utm_medium=cpc&utm_source=adwords&utm_term=R-S-U-global-us-adwords-account&gad_source=1&gad_campaignid=22082152030&gbraid=0AAAAADvoGEeqPw0d1zY0g8Tu6gmD6TwKJ&gclid=CjwKCAjwx-zHBhBhEiwA7Kjq66D__TWEWj4gWyaQQuL87YnfaV9gpRYXqrks90DY6rTPcSO9XBpY9xoCvmwQAvD_BwE

Oligo sequence creation and deconvolution

Built upon powerful algorithms from Genedata Expressionist®,
Biologics Explorer software offers intuitive data analysis
workflows for comprehensive characterization of protein- or
oligo-based therapeutics. These streamlined workflows require
minimal user’s input and hence are quick to learn and easy to
run. For advanced users, the workflows offer the flexibility to
fine-tune various settings or algorithms.

Oligo sequences are created using 1-letter abbreviations for the
building blocks, including sugars, linkers and bases.? For
example, an “s” and “0” represent PS and phosphate [PO)
linkers, respectively. Custom building blocks can be added
using a Nucleotide Editor within Biologics Explorer software. In
this work, 5-methyl-cytosine and 2-methoxyethylribose [2-
MOE] were defined as Q and e, respectively, within the
Nucleotide Editor. With the building blocks defined, the
sequences of the 18mer and ASO-MC analyzed in this study

were defined as the following:

18mer
eT-s-eQ-s-eA-s-eQ-s-eT-s-eT-s-eT-s-eQ-s-eA-s-eT-s-eA-s-
eA-s-eT-s-eG-s-eQ-s-eT-s-eG-s-eG

AS0-MC
eQ-s-eT-s-eA-s-eG-s-eA-s-dT-s-dG-s-dC-s-dA-s-dA-s-dT-s-
dG-s-dT-s-dT-s-dG-s-eQ-s-eT-s-eQ-s-eA-s-eT

The PS to PO modification was defined for 2 oligos in the
Unlocalized tab of the Modifications activity within the
sequence candidate generation section of the data analysis

workflow [Figure 2). The ASO-MC analyzed in this work was
modified with an MC C2 linker on its 3’ end. The gains of the

formula of the linker (C14H21N207P] and its hydrated form
(C14H23N20gP] were specified in the Localized tab of the
Modification activity (Figure 3].

Modifications [1] - Settings

Unlocalized

Limit to: 2 Modifications per Sequence
Modifications:  Table
Name Gain Loss | On Characters| On Locations (Backbone)
- MC-C2 Cl4H21N207F 3
- MC-C2-H20 |C14H23MN208P 3

Figure 3. Add oligo modifications. Biologics Explorer software allows ease and
flexibility in generating candidate sequences for MS or MS/MS mapping. For
ASO-MC, the MC linker and its hydrated form were specified for the 3 end in
the Localized tab of the Madification activity.
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Figure 4. Intact deconvolution of the 18mer. Intact deconvolution using the
monaoisotopic mass led to accurate mass measurement of the 18mer and its
PO species. The values in parentheses are the measured mass errors in ppm.
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Figure 5. Intact deconvolution of the ASO-MC. The intact form of the ASO-MC and its hydrated species (+H20) were chromatographically separated using the
Phenomenex Biozen Oligo LC column [A). Intact deconvolution using the monoisotopic mass led to accurate mass determination of these 2 forms and their PO
species, with the measured mass errors of <5 ppm (B and C). The values in parentheses are the measured mass errors in ppm.



Intact oligo deconvolution

Similar high-quality TOF MS and CID DDA data of oligos were
obtained using the ZenoTOF 7600+ system and the ZenoTOF
8600 system. The data from the ZenoTOF 7600+ system were
used here to demonstrate the streamlined intact deconvolution
and oligo sequencing workflows of Biologics Explorer software.

The intact deconvolution workflow for oligos was described in a
previous technical note. The deconvolution can be performed
using the monoisotopic or average masses. In this work, the
monoisotopic masses of oligo candidate sequences were used
to map the isotopically resolved spectra of the 18mer and ASO-
MC.

Figures 4 and 5 show the deconvolution spectra of the 18mer
and ASO-MC, respectively. High mass accuracies (<5 ppm] were
obtained for the intact forms of these 2 oligos and their PO
species. The MC linker of the ASO-MC is prone to hydrolysis,
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leading to the formation of a hydrated [+H.0] species. The
Phenomenex Biozen Oligo LC column provided good separation
of the ASO-MC and its hydrated species (Figure 5A] for their
accurate mass determinations (Figures 5B and 5C).

Oligo sequencing

The CID DDA data of the oligos were acquired using a fixed CE
with spread or dynamic CEs with a custom equation of CE =
0.0273 x [m/z) + 0.8961 described in a previous study®. The
oligo sequencing workflow within Biologics Explorer software
allows a quick comparison of the data acquired using different
settings, accelerating method optimization for oligo analysis.

Figures 6 shows the CID DDA results of the 18mer obtained
using 3 different CE settings. The MS/MS spectra of the charge
states -3 to -10 were combined and deisotoped prior to MS/MS
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(D] Sequence coverage map
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Figure 6. 18mer sequencing using CID DDA methods with different CE settings. Biologics Explorer software enabled a quick comparison and visualization of
the CID DDA results of the 18mer using different CE settings, such as a fixed CE of 30V [A) and 40V (B) with a spread of 10V and dynamic CEs with a custom
equation of CE = 0.0273 = (m/z] + 0.8961 (C). While all CE settings provided a complete sequence coverage of the 18mer (A-C), the custom dynamic CE setting
led to the mast balanced fragmentation of the oligo (C). The sequence coverage map of the 18mer obtained using this optimized setting is shown in D. The
MS/MS spectra shown in A-C were deisotoped from the combined MS/MS spectra of charge states -3 to -10.
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Figure 7. MS/MS sequencing of the ASO-MC. CID DDA with the custom dynamic CE setting resulted in excellent fragmentation of the ASO-MC [A) and its

hydrated form (B), leading to complete sequence coverage of these 2 oligo spe
H20 species.

mapping against the oligo candidate sequences (Figures 6A-
BC). While all CE settings provided a complete coverage of the
18mer, the dynamic CEs with a custom CE equation resulted in
the most balanced fragmentation of the oligo (Figure 6C). The
complete sequence coverage map of the 18mer obtained using
the custom CE setting is shown in Figure 6D. The CID DDA
method with the custom dynamic CE setting also provided
high-gquality MS/MS data and complete sequence coverage of
the ASO-MC and its hydrated species, confidently confirming
the oligo sequence and the location of the MC modification on
the 3" end (Figure 7).

In summary, this technical note highlights a streamlined IP-RP
LC-MS/MS workflow for accurate mass measurement and
sequence analysis of oligos. The oligo sequencing workflow
offered by Biologics Explorer software allows rapid method
optimization and sequence confirmation, accelerating the
development of oligo therapeutics.

Conclusions

A streamlined IP-RP LC-MS/MS workflow was developed for
comprehensive oligo sequence analysis, leveraging the

cies (C and D). The peaks marked with asterisks correspond to the wh or wh -

optimized DDA method with custom dynamic CEs using the

ZenoTOF 7600+ system or the ZenoTOF 8600 system and the

intuitive oligo sequencing workflow from Biologics Explorer
software.

Rapid data processing using the oligo sequencing workflow

allows quick comparison of DDA data acquired using different

settings, accelerating method optimization.

Compared to fixed CEs with spread, the custom dynamic CEs
provided halanced fragmentation of oligos in different charge

states, leading to high-quality MS/MS spectra and complete
sequence coverage of the oligos.

Biozen Oligo LC column provided good separation of the ASO-

MC and its hydrated form for confident characterization of
these 2 species.
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