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User Benefits

€ MALDI-ISD enables simple and reliable sequencing of antisense oligonucleotide.

@ There is no need to interpret complicated MS/MS spectra, which saves labor and time.

@ Oligonucleotide therapeutics can be analyzed using a simple and affordable benchtop instrument.

H Introduction

Oligonucleotide therapeutics have recently attracted particular
attention as a new pharmaceutical modality. Unlike
biopharmaceuticals, oligonucleotide therapeutics can be
produced by cost-effective chemical synthesis. The development
and standardization of analytical methods for quality control are
still in progress, with efforts being made in collaboration with
industry and academia.

Mass spectrometry (MS) has now become an established
analytical tool for analyzing biopolymers, such as
oligonucleotides, proteins, and glycans, thanks to the
development of various soft ionization methods and instrument
performance  improvements.  Although  tandem  mass
spectrometry (MS/MS) is generally used to sequence
oligonucleotide, collision-induced dissociation (CID), the
technique typically used for conventional ion cleavage, has been
problematic because of the difficulty in producing fragments that
suggest particularly internal sequences.

Matrix-assisted laser desorption/ionization (MALDI) is used as a
technique for ionizing various biopolymers, including
oligonucleotides. MALDI can softly ionize a sample without
causing unwanted fragmentation. However, by using a specific
MALDI matrix with increased laser irradiation, it is possible to
cause ionization and fragmentation at the same time. Then the
resulting in-source decay (ISD) fragment ions can be used for
structural analysis. MALDI-ISD fragmentation of oligonucleotides
provides successive fragment ions by simple cleavages and is
therefore highly useful for simple sequencing of oligonucleotides.
This Application News describes an example in which synthetic
antisense oligonucleotides were subjected to ISD fragmentation
using the Shimadzu MALDI-8030 benchtop linear MALDI-TOF
mass spectrometer, and the resulting mass spectra were analyzed
for sequence assignment with LabSolutions Insight Biologics, a
software designed for oligonucleotide sequence characterization.

B Model Oligonucleotide Therapeutics Samples

In this study we analyzed three synthetic antisense oligo-
nucleotides (“model therapeutics”) which replicate the
oligonucleotide therapeutics mipomersen, nusinersen and
inotersen (Table 1). Each sample was dissolved in water to a
concentration of 0.1 mg/mL (about 13 to 14 pmol/uL) and then
0.5 pL of the sample solution was measured with a MALDI-TOF
MS system.

Table 1 3 Model Oligonucleotide Therapeutics Used in This Study

Name Chemical Formula Mw Note

Mipomersen C230H324N670122P19519  7177.2  ASO, PS (full), 2-MOE, 20 mer
5-G*+-mC*-mC*-mU*-mC*-dA-dG-dT-dmC-dT-dG-dmC-dT-dT-dmC-G*-mC*-A*-mC*-mC*-3’

Nusinersen (234H340N610128P17517 71272 ASO,PS (full), 2-MOE, 18 mer
5-T-mCH AT T* T mC* A T*-A* A*-T* G*mC* T*G*G*-3'

Inotersen  (230H318N690121P19519  7183.1  ASO, PS (full), 2-MOE, 20 mer
5-T*-mC*-T*T*-G*-dG-dT-dT-dA-dmC-dA-dT-dG-dA-dA-A*-T*mC*-mC*-mC*-3'

* = 2"-0-(2-methoxyethyl) m =5-methyl d = 2'-deoxy

B Mass Spectrometry

0.5 pL of the sample solution was deposited on a MALDI target

plate, mixed with a 0.5 uL matrix solution on the plate, and left to

dry. Mass spectra were obtained using the MALDI-8030 system

(Fig. 1).

Matrix solution: 40 mg/mL THAP or HPA in 50 % acetonitrile
with 40 mM ammonium citrate dibasic

THAP: 2'4',6'-Trihydroxyacetophenone monohydrate

HPA: 2-Hydroxypicolinic acid

Fig. 1 MALDI-8030 MALDI-TOF Mass Spectrometer (left)
LabSolutions Insight™ Biologics (right)

B Mass Spectrum of Model oligonucleotide
Therapeutics

HPA and THAP are typical MALDI matrices for ionizing
oligonucleotides. These matrices successfully ionized model
oligonucleotide therapeutics as deprotonated form [M-H] in
negative-ion mode. The formation of unwanted cation adducts
was suppressed by adding ammonium citrate to the matrix
solution (Fig. 2).
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g. 2 Negative-lon MALDI Mass Spectrum of Mipomersen Using a THAP as a
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B Characteristics of MALDI-ISD Fragments of
Oligonucleotides

MALDI-ISD of oligonucleotides produces two specific types of
consecutive fragment ions, either a-series ions from the 5'-
terminus side or w-series ions from the 3’-terminus side, which
are formed by simple cleavage at the phosphodiester bond (Fig.
3). This simplicity offers simpler sequencing than using
electrospray ionization (ESI) followed by MS/MS using CID,
which generally produces various types of cleavages that
depend on the precursor charge-state ([M-nH]™).

5’-terminus T
o

. Ry
a-series o
9
HS—P=0
o)

w-series

R
o 2

o
e 3’-terminus
Fig. 3 lon Fragmentation Nomenclature of Oligonucleotides Observed from
MALDI-ISD

B Characteristics of MALDI-ISD Fragments of
Model Oligonucleotide Therapeutics

Fig. 4 shows negative-ion MALDI-ISD mass spectra of model
oligonucleotide therapeutics (mipomersen, nusinersen, and
inotersen) obtained using HPA as a matrix. These results
indicate that HPA is more suitable than THAP for ISD ion
measurements (Fig. 2 and 4). The presence of simple and
consecutive ISD ions allows for the confirmation of the
sequences of model oligonucleotide therapeutics, even those
with various types of modifications such as phosphorothioation.
These mass spectra, composed of singly charged ions, is simple
enough to allow for manual assignment, but it can also be
assigned automatically with LabSolutions Insight Biologics. By
exporting the mass spectrum in the mzML format and entering
the sequence information in LabSolutions Insight Biologics
before running the analysis, the software quickly displays the
assignment results.
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Fig. 5 shows an example of the results for a model oligo-
nucleotide therapeutics analyzed using LabSolutions Insight
Biologics.

EXTIMS(-) Scan2. EE=
712620

36260

e

Wit "
365747 ﬁmg WIZP gzt et gt WIT?
P 8 gy ST

sz et
0 sz

2000 3000 2000 5000 6000 7000

WIT  wie WS wld w3 w2 w1 owie w8 we Wl we WS wA w3 Wi

mu | mc A mc mu | mu | mu | mc A mu A A mu G mc mu G G

se| del| se] del| cel del| se] ool sel oef se) de| cel sef sel sei bel se

5 s s s s s s s s s s s s s s s s s 3
a1 Fo) IET] INY: IR NN IR INRST) NIE] (RRSE) INIE| SR T EJ a17]

Fig. 5 Example of the result of a model oligonucleotide therapeutic analysis
using LabSolutions Insight Biologics.

Because the MALDI-8030 is a linear TOF mass spectrometer, it
does not support MS/MS measurements. Nevertheless, nucleic
acid sequencing is possible by using MALDI-ISD measurements.
This technique would be applicable not only for synthetic
oligonucleotides but also for their unknown impurities isolated by
HPLC.

W Conclusion

Because MALDI preferentially produces singly-charged ions,
mass confirmation of synthetic oligonucleotides can be
achieved easily without interpreting complicated mass spectra.
Furthermore, the ability to perform MALDI-ISD measurements
with an instrument lacking MS/MS capability means the internal
sequence of oligonucleotides can be confirmed using a simple
benchtop-type linear MALDI-TOF MS system. That also enables
the sequencing of model oligonucleotide therapeutics that
contain various chemical modifications based on the successive
ISD fragment ions originating from a simple cleavage.
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Fig. 4 Negative-lon MALDI-ISD Mass Spectra of Model Ollgonucleotlde Therapeutics Using HPA as a Matrix
(a) mipomersen, (b) nusinersen, and (c) inotersen

LabSolutions Insight is a trademark of Shimadzu Corporation or its affiliated companies in Japan and/or other countries.

£} sHIMADZU

For Research Use Only. Not for use in diagnostic procedures.
This publication may contain references to products that are not available in your country.
Please contact us to check the availability of these products in your country.

First Edition: Dec. 2022
Revision A: Mar. 2025

01-00480A-EN

Shimadzu Corporation

www.shimadzu.com/an/

The content of this publication shall not be reproduced, altered or sold for any commercial purpose without the written approval of Shimadzu.
See http://www.shimadzu.com/about/trademarks/index.html for details.

Third party trademarks and trade names may be used in this publication to refer to either the entities or their products/services, whether or not
they are used with trademark symbol “TM” or “®".

Shimadzu disclaims any proprietary interest in trademarks and trade names other than its own.

The information contained herein is provided to you "as is" without warranty of any kind including without limitation warranties as to its
accuracy or completeness. Shimadzu does not assume any responsibility or liability for any damage, whetherdirect or indirect, relating to the
use of this publication. This publication is based upon the information available to Shimadzu on or before the date of publication, and subject
to change without notice.

© Shimadzu Corporation, 2022


http://www.shimadzu.com/about/trademarks/index.html

> Please fill out the survey

Related Products some products may be updated to newer models.

> MALDI-8030

Dual-Polarity Benchtop Linear MALDI-
TOF Mass Spect--*

Related Solutions

Molecular Weight
> Biopharmaceutical > Analysis Study > Measurement and
Sequence Confirma

’ Technical Service /

Support Inquiry 2 Other Inquiry

9 Price Inquiry 9 Product Inquiry


https://www.shimadzu.com/an/forms/questionnaire/index.html?apl_id=16971&from_apl=16971
https://www.shimadzu.com/an/system/redirect.html?prod_id=4650&apl_id=16971&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=4650&apl_id=16971&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=4650&apl_id=16971&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=4650&apl_id=16971&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=4650&apl_id=16971&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=59&apl_id=16971&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=110&apl_id=16971&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=577&apl_id=16971&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=577&apl_id=16971&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=577&apl_id=16971&from=apl
https://www.shimadzu.com/an/forms/price/index.html?page=webform_start&apl_id=16971&from=apl
https://www.shimadzu.com/an/forms/product/index.html?page=webform_start&apl_id=16971&from=apl
https://www.shimadzu.com/an/forms/technical-support/index.html?page=webform_start&apl_id=16971&from=apl
https://www.shimadzu.com/an/forms/technical-support/index.html?page=webform_start&apl_id=16971&from=apl
https://www.shimadzu.com/an/forms/other/index.html?page=webform_start&apl_id=16971&from=apl
http://www.tcpdf.org

