£} sSHIMADZU

Excellence in Science

Cartridge

Derrick Tan

High Performance Liquid Chromatography / Nexera™ XS inert

DMT-on Purification of Phosphorothioate
Oligonucleotide Using SHIMSEN™ Styra HLB SPE

User Benefits

@ Asimple and straightforward workflow for purification of modified phosphorothioate oligonucleotide.
@ Stability of SHIMSEN Styra HLB SPE cartridge at high pH allows direct loading of deprotected oligonucleotide without

removal of highly basic deprotecting agent.

@ Stability of SHIMSEN Styra HLB SPE cartridge at low pH allows on-cartridge detritylation using acid.

H Introduction

Oligonucleotide has been used in various applications,
including genetic testing (e.g. primers for PCR) and
therapeutics (e.g. antisense oligonucleotides and siRNA).
These oligonucleotides are usually chemically synthesized
using solid-phase synthesis and would require purification
to remove impurities such as protecting groups and failure
sequences. In this regard, the use of solid-phase extraction
(SPE) cartridges offers a simple and efficient strategy for
purifying oligonucleotides without the need for complex
instruments or extensive processing. In this application, we
present the procedure for DMT-on purification of synthetic
phosphorothioate oligonucleotide using SHIMSEN Styra
HLB SPE cartridge (P/N: 380-00855-10). Analysis of purified
oligonucleotide was achieved on Shimadzu Nexera XS inert
system using Shim-pack Scepter Claris C18-120 which
feature a bioinert coating on the inner surface of the column
body, preventing absorption of oligonucleotides to the
column surface and increasing analysis sensitivity.
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Collect flowthrough, repeat loading for 3X

6mL 1.5% NH,OH in water

Detritylation:

Figure 1. PS Oligonucleotide purification steps.

W Experimental

The oligonucleotides used in this study are fully
phosphorothioate gapmers comprising 10 nucleotides of
DNA flanked on both ends by 3 nucleotides of locked nucleic
acid (LNA). The oligonucleotides were synthesized and
purified by the Phan lab at Nanyang Technological
University, Singapore.

Oligonucleotide deprotection:

Oligonucleotides were synthesized on controlled pore glass
(CPG) and subsequently cleaved and deprotected in 3 mL of
32% ammonium hydroxide solution at room temperature for
36h. The solution containing the deprotected
oligonucleotide was extracted and the CPG was washed
once with 1 mL of deionized water followed by twice with 1
mL of 2M TEAA (pH 7). The combined solution was used for
purification by SHIMSEN Styra HLB SPE cartridge.

DMT-on oligonucleotide purification by SHIMSEN Styra
HLB SPE:

Purification was performed according to procedure detailed
in Figure 1 using SHIMSEN Styra HLB, 200mg/6émL (P/N: 380-
00855-10). Samples and solvents were allowed to flow
through the SPE by gravity. The purified oligonucleotide was
analyzed by Nexera™ XS inert UHPLC system. Table 1 list the
UHPLC analysis conditions.

Table 1. UHPLC conditions

LC system . Shimadzu Nexera™ XS inert

Column . Shim-pack Scepter™ Claris C18-120
1.9 ym, 100 x 2.1 mm ™

Column Temp. : 55°C

Flow rate 0.42 mL/min

Mobile phase A 15 mM TEA, 400 mM HFIP

Mobile phase B Acetonitrile

10% B (0 min) = 10%B (0.5 min) =
28% B (10.5 min) = 100% B (15.5 min)
- 100% B (18.5 min) > 10% B (19.5
min) = 10% B (24.5 min)

Injection volume ;2L

Detector PDA, 260 nm

Gradient program

*1P/N:227-31209-02



M Results and Discussion

Automated solid phase oligonucleotide synthesis is typically
carried out on solid support such as controlled pore glass
(CPG) or polystyrene via phosphoramidite chemistry. Figure
2 shows the typical solid phase oligonucleotide synthetic
cycle. Synthesis usually starts from 3’- end, adding a single
nucleoside monomer during each cycle, growing towards
the 5'- end. During the synthesis, failure sequences (resulted
from incomplete coupling) are being capped. Assuming that
the capping reaction is efficient, only the full length
sequence should contain a dimethoxytrityl (DMT) group on
the 5-end after the completion of the synthesis.
Subsequent cleavage and deprotection of the synthetic
oligonucleotides are usually performed in highly basic
ammonium hydroxide solution. As DMT groups are highly
hydrophobic, the full length sequence can be retained on a
reversed phase SPE cartridge while the failure sequences are
washed off. The DMT group can then be removed on-
cartridge under acidic condition and the purified product
can be eluted. SHIMSEN Styra HLB cartridges features wide
pH stability range of 1-14, allowing purification of
deprotected DMT-on oligonucleotide without the need to
remove ammonium hydroxide or pH adjustment. At the
same time, the stability of the cartridge under low pH allows
on-cartridge detritylation reaction under acidic condition
using trifluoro acetic acid (TFA) solution.

Figure 2. Solid phase oligonucleotide synthesis cycle.

The purification of a 16 nucleotides phosphorothioate
gapmer oligonucleotide was successfully achieved using
the SHIMSEN Styra HLB SPE cartridge. The SPE cartridge was
first conditioned with acetonitrile (ACN), followed by
equilibration using a 2M triethylammonium acetate (TEAA)
solution. TEAA act as an ion-pairing reagent to aid in
retaining the oligonucleotide. ~The  deprotected
oligonucleotide could be directly loaded onto the cartridge
without the need to remove the basic ammonium
hydroxide  deprotection  solution. = The  DMT-on
oligonucleotide is retained in the cartridge while the
impurities elutes in the flowthrough (Figure 3a, 3b).

Next, the cartridge was washed with a 1.5% ammonium
hydroxide solution to elute the remaining impurities (Figure
3¢), and this is followed by washing with water to remove
any remaining ammonium hydroxide as residual
ammonium  hydroxide will affect the subsequent
detritylation reaction. Detritylation was then performed by
passing a 3% TFA solution through the cartridge, followed
by another water wash to eliminate any residual TFA. Finally,
the purified DMT-off oligonucleotide was eluted using 20%
ACN and purity was determined by HPLC to be 81% (Figure
3d).
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Figure 3. Chromatogram of (a) crude deprotected DMT-on
oligonucleotide, (b) flowthrough after loading on SHIMSEN Styra HLB SPE
cartridge, (c) flowthrough of 1.5% NH,OH solution wash, (d) SHIMSEN
Styra HLB SPE cartridge purified oligonucleotides.

H Conclusion

This study showcases a rapid and straightforward approach,
employing the SHIMSEN Styra HLB SPE cartridge for
purification of synthetic phosphorothioate oligonucleotides
by DMT-on strategy.

B Acknowledgement

We thank the research group of Prof. Anh Tuan Phan at
Nanyang Technological University, Singapore, in particular
Kah Wai Lim, Natalie Lim, Fiona Hanindita and Apple Lim, for
their generous support in this work.

Nexera, SHIMSEN, and Shim-pack Scepter are trademarks of Shimadzu Corporation in Japan and/or other countries.

£ sSHIMADZU

Shimadzu Corporation
www.shimadzu.com/an/

products in your country.

04-AD-0300-EN

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

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 “®".
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, whether direct 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.

First Edition: Mar. 2024

SHIMADZU (Asia Pacific) Pte. Ltd,
www.shimadzu.com.sg
Copyright © 2024 Shimadzu Corporation and/or its affiliates. All rights reserved.


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

> Please fill out the survey

Related Products some products may be updated to newer models.

> Nexera XS inert > Shim-pack Scepter
Ultra High Perfor Liquid
Ch;im;%ogrj;)slmance o LC Columns
HPLC Column
Related Solutions
Pharmaceutical and
Biopharmaceutical
2 Price Inquiry 2 Product Inquiry pJ Technical Service / 2 Other Inquiry

Support Inquiry


https://www.shimadzu.com/an/forms/questionnaire/index.html?apl_id=23065&from_apl=23065
https://www.shimadzu.com/an/system/redirect.html?prod_id=4636&apl_id=23065&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=4636&apl_id=23065&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=4636&apl_id=23065&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=4636&apl_id=23065&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=4636&apl_id=23065&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3557&apl_id=23065&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3557&apl_id=23065&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3557&apl_id=23065&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3557&apl_id=23065&from=apl
https://www.shimadzu.com/an/system/redirect.html?prod_id=3557&apl_id=23065&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=498&apl_id=23065&from=apl
https://www.shimadzu.com/an/system/redirect.html?ind_id=498&apl_id=23065&from=apl
https://www.shimadzu.com/an/forms/price/index.html?page=webform_start&apl_id=23065&from=apl
https://www.shimadzu.com/an/forms/product/index.html?page=webform_start&apl_id=23065&from=apl
https://www.shimadzu.com/an/forms/technical-support/index.html?page=webform_start&apl_id=23065&from=apl
https://www.shimadzu.com/an/forms/technical-support/index.html?page=webform_start&apl_id=23065&from=apl
https://www.shimadzu.com/an/forms/other/index.html?page=webform_start&apl_id=23065&from=apl
http://www.tcpdf.org

