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1. Introduction

€ Oligonucleotide therapeutics (OTs) are one of the emerging
modalities with high market growth potential. OTs are mainly
produced by solid-phase synthesis using the phosphoramidite
chemistry, which can introduce a variety of sequence-related
impurities during the synthesis process.

@ |t is therefore necessary to confirm that these impurities are
removed in the purification process at the manufacturing site.

€ LC/MS is generally used to analyze product-related impurities;
however, there are limitations in this approach considering the
time frame required for data acquisition and interpretation.

€ An alternative approach is to apply MALDI-MS as a rapid and
simple analytical tool for monitoring the purification process of
oligonucleotide therapeutics.

2. Methods

Analyte

€ \We analyzed a synthetic antisense agent (“Model MOE-ASO 18
mer”) which replicates an OT sequence. A crude product of the
oligonucleotide was purified by ion-exchange chromatography.

Table 1 Oligonucleotide analyte used in this study
Name Chemical formula Mw Note

Model MOE-ASO 18 mer  C,,,H.,No 0.,.P,S,,  7127.2  ASO, PS (full), 2-MOE, 18 mer

5-T*-mC*-A*-mC*-T*-T*-T*-mC*-A*-T*-A*-A*-T*-G*-mC*-T*-G*-G*-3’
* = 2°-0O-(2-methoxyethyl) m = 5-methyl d = 2'-deoxy

Sequence:

Mass Spectrometry

4 MALDI-8030 benchtop MALDI-TOF
mass spectrometer (Shimadzu) using
THAP as a matrix. Sample preparation
was optimized to maximize
reproducibility.

Dual polarity benchtop Linear
MALDI-TOF Mass Spectrometer

MALDI-8030

Software Assignment

€ MALDI-detected impurities of crude/purified samples
were assigned by LabSolutions Insight Biologics
version 2.0 (Shimadzu), an oligonucleotide
sequence characterization software.

Software for Oligonucleotide
Sequence Characterization

LabSolutions
Insight™ Biologics

3. Results

Optimization of Sample Preparation for Impurity Profiling

€ MALDI-MS is often recognized as lacking in accurate quantitation
and reproducibility. This is mainly due to the inhomogeneity of
the crystallized sample/matrix spot on the MALDI plate.

€ The THAP matrix proved to be the current best matrix for the
impurity profiling. In addition, the use of a new two-layer method
combining the traditional dried-droplet and thin-layer approaches,
greatly improved quantitation and reproducibility.

j Two-Layer method

" | Matrix EtOH solution is deposited
: l’* to form matrix microcrystals.

i l

' Sample solution 0.5 pL

P11 + Matrix solution 0.5 pL

i + Matrix solution 0.5 pL
1 !

; H;“ﬁfi leave to dry

leave to dry
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Fig. 1 MALDI mass spectrum of the crude oligonucleotide. Due to mass discrimination
and the difference in ionization efficiency, MALDI peak height do not directly
indicate impurity contents. Peak assignment was carried out by using Labsolutions
Insight Biologics version 2.0.

Purified Sample Analysis: Batch purification

€ The crude sample was purified with a purity criterion of 293%

using a single ion exchange column. Fraction 7 met the criteria®.
*Purity was confirmed by RP-IP analysis.

"~ | Batch LC-UV column: BioPro IEX SmartSep Q 20um 100 X 5mml.D.

= | Purification Chromatogram (1CV=1.96mL) (YMC CO., LTD.)

» | with single column Eluent: A) 20 mM Tris-HCI (pH 8)  B) A + 3M NaCl
Gradient: 15-75%B (12 CV)
e T Fractionation Flow rate: 0.6 mL/min
S e Temp.: 25°C

" Detection: UV at 290 nm

“ Injection: crude 57 mg 3
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principal component analysis (PCA) using eMSTAT Solution™ (Shimadzu).
Eight MALDI mass spectra per one fraction were used for the PCA.

Purified Sample Analysis: Continuous Chromatography

€ The crude sample was then purified using a continuous
chromatography system equipped with two columns (YMC CO.,
LTD, Japan).

€ Using this system, purified samples (cycle 1-10) were obtained.

Batch -J= MCSGP w o w45 Column: BioPro IEX SmartSep Q 20uym
- e =y ig...a,gb 100X 5mml.D. (1CV=1.96mL)
Low purity side-cuts N, Low purity side-cuts | f i .
‘@ discarded Zo internally recycled .!;i[;'. s’" . Eluent: A) 20 mM Tris-HCI (pH 8)
) T D B) A+ 3M NaCl
At b operation f} o ) Gradient: 15-75%B (12 CV)
\ g, - Flow rate: 0.6 mL/min
i . : '9.& ol Temperature: 25°C
: & @ (Same as Batch Purification above)
B Contichrom CUBE
uen nline Eluent Feed Elue Eluent Eluent Eluent  Eluent
¥ ¥ LT
Feed Waste weakly !nternally recycling Obtain pure product !nternally recycling Waste strongly Repeat process in
sample absorbed impure product- while feeding impure product- absorbed reverse column
impurity containing side fractions  sample to next containing side fractions impurity order

with inline dilution column with inline dilution

Fig. 4 Schematic diagram of the continuous chromatography process, MCSGP (Multi-
column Counter-current Solvent Gradient Purification). This simultaneously achieves
high purity and yield due to the internal recycling of side-cut.

& Figure 5 summarizes the relative intensities of major impurities

(N-1~N-15) before and after MCSGP. The intensities of shortmers
were normalized to the intensity of FLP [M-H]-. Especially small
shortmer impurities could be removed efficiently.

€ The impurity profiles of each purification cycle are very similar,

indicating that the continuous chromatography purification system
works stably. MALDI-MS also showed that the impurity profile of
cycle1 was slightly different.
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Fig. 5 Relative intensities of major impurities to FLP. Due to mass discrimination and the
difference in ionization efficiency, the relative intensities do not directly indicate
impurity contents. PCA was performed by eMSTAT Solution.

4. Conclusion

€ \We investigated a rapid and reproducible profiling method for
oligonucleotide therapeutics impurities using MALDI-TOF MS
and applied the method to confirm the effectiveness of an
oligonucleotide purification process.

@ Due to the rapidity and reproducibility of the measurement, we
believe it can be easily used to in-process control purpose.
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