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But de la présentation

Selon la demande faite par Arnaud Delobel, le but de cette
présentation est de vous donner des informations relatives
aux nouveautés apparues dans le domaine de la
chromatographie en phase liquide durant 'année 2023.

Ces nouveautés seront dédiées a l'analyse de petites
molécules, d’oligonucléotides, de protéines/mAbs et de
nouveaux produits innovants (AAVs, mRNA).

Les nouveautés en terme d’approches innovantes seront
détaillées sur la base des publications scientifiques
sorties en 2023.
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Tendances au congres HPLC 2023

Biopharmaceuticals and oligonucleotides
* 1 mml.D. SEC columns
* Column packed with 1.1 um particles @ 2500 Bar
» Ultra-short RPLC columns of 5 mm length

Green and sustainable analytical chemistry
» New greenness metrics
» Alternative solvents (dimethyl carbamate, ethyl lactate))
» Temperature responsive LC with pure water
* SFC, in silico modeling

Multidimensional LC and ion mobility
* Need for tools/strategies for method development
» Use of HILIC x RPLC vs. RPLC x HILIC

Current

Quantitation

bottleneck """"""” S

» Various metal passivation strategies o Serparin o s

¥ mLC-LC, LC-mLC, and sLCxLC
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Innovative chromatographic
approaches for small molecules
analysis
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Managing nonspecific adsorption to liquid chromatography hardware: Sy
A review

Guilherme J. Guimaraes, Michael G. Bartlett

Department of Pharmaceurical and Biomedical Sciences, The University of Georsia College of Fharmacy, 250W. Green Street, Athens, GA, 30603, United States
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« Evaluation of mobile phase additives to
reduce nonspecific adsorption.

@The impact of altemative hardware Calibration Curve
‘materials on nonspecific adsorption to ;
1C system. No Adsorption

» Strategies to differentiate sources of
nonspecific adsorption.
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HILIC sample introduction
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Managing sample introduction problems in hydrophilic interaction

liquid chromatography

§

Mark R. Taylor?, Jane Kawakami®, David V. McCalley“*

*Pfizer Global Research and Development, Discovery Park, Ramsgate Road, Sandwich, CT13 9NJ, UK
“Pizer Global Research and Development, 280 Shennecossett Rd, Groton, CT 06340, USA
“Centre for Research in Biosciences, University of the West of England, Frenchay, Bristol, BS16 1Q¥, UK

ARTICLE INFO

ABSTRACT

Artide history:
Received 26 February 2023
Revised 18 April 2023
Accepted 19 April 2023
Available online 22 April 2023

Keywaords:

HPLC

HILIC

Sample injection

Sample injection can cause serious problems in hydrophilic interaction liquid chromatography (HILIC)
when the injection solvent has higher elution strength than the mobile phase (mp). It can lead to asym-
metric peak shapes and poor efficiency. The problem can occur when the mp contains a high proportion
of organic e.g. 95% acetonitrile (a weak solvent) whereas the injection solvent contains a higher propor-
tion of water (a strong solvent) that is necessary to dissolve polar samples. We investigated different
strategies to overcome this problem. A simple method is pre-column dilution where the injector is pro-
grammed to deliver a plug of weak solvent (e.g. pure acetonitrile) along with the sample dissolved in a
solvent with higher water content than the mp. Another option is to use alternative organic solvents to
acetonitrile in the injection solvent, eg. i I, acetone or an, that may give enhanced
sample solubility. The role of the volume of injection solvents was investigated as well as the possible ef-
fects of mass overload on the results. The use of small sample volumes is always recommended to reduce
mismatch effects.

HILIC sample introduction

Sample diluted Sample diluted Sample diluted
zs000 | in 90%ACN in 70%ACN in 50%ACN
urd oM 3-0H
20000 urd 3-0H
P
urd
TMPAC
= 15000 TMPAC
)
2
2 TMPAC
= 10000
5000
a
90%ACN TO%ACN S0%ACN

Injection Solvent (% ACN with 5 mM AF pH 4.4)

Fig. 1. Pre-column dilution (PCD) using 1 pL of 20 mg/L sample in various con-
centrations of buffered ACN followed by 4 pL pf pure ACN. Solutes urd = uridine,
3-OH = 3-hydroxybenzoic acid, TMPAC = trimethylphenylammonium chloride. RH
bar represents efficiency using PCD; LH bar efficiency using simple 1 pL injection.
Column: Premier Amide, mp 5 mM ammonium formate pH 4.4 in 90% ACN at
0.4 mL/min. Detection UV at 210 nm, Temperature 30 °C.

Mobile phase: 90%ACN




Micropillar array columns
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On-Chip Comparison of the Performance of First- and Second-
Generation Micropillar Array Columns

Bert Vankeerberghen, Jeff Op de Beeck, and Gert Desmet®

} Cite This: https://doi.org/10.1021/acs.analchem3c01829 E Read Online
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ABSTRACT: Because of its dimensions, the recently introduced
micropillar array columns are most suited for high-efficiency liquid
b hy sep inp Unlike the packed bed
columns and capillary-based column formats, the micropillar array
concept still has significant room to progress in terms of the
reduction of its characteristic size (i.e, pillar diameter and
interpillar distance) to open the road to even higher-efficiency
separations and their applications. We report here on the on-chip

parison between first ion (Gen 1) and second-
generation (Gen 2) micropillar array columns wherein the pillar
and interpillar size have been halved. Because of the on-chip
measurements, the observed plate heights H represent the
fundamental band broadening, devoid of any extra-column band-
broadening effects. The observed reduction of H with a factor of 2 around the ug-velocity and with a factor of 4 in the C-term
dominated regime of the van Deemt: is in full ag with the th lly expected gain. This shows the pillar and
interpillar size reduction could be effectuated without affecting the theoretical separation potential of the micropillar arrays.
Compared to Gen 1, Gen 2 offers a 4-fold reduction of the required analysis time around the optimal velocity and about a 16-fold
reduction in the C-term-dominated range.

Micropillar array columns
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Temperature responsive LC columns
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Temperature Responsive x Fast Chiral Comprehensive Liquid
Chromatography: a New 2D-LC Platform for Resolving Mixtures of
Chiral Isomers

Turaj Rahmani, Adriaan Ampe, and Frédéric Lynen®
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ABSTRACT: Chiral resolution of solutes occurring in mixtures of
unrelated species is of relevance in life sciences and in
pharmaceutical analysis. While this is conceptually achievable by

I liquid g (LC x
LC), few approaches exist \.hmb, the second dimension
comprises the chiral separation. The latter is preferable in
combination with a conventional reversed phase type of separation
in the first dimension as it offers an extension of a conventional
achiral analysis. The implementation of such rapid chiral analyses
in the second dimension was, thus far, limited by the challenging
transfer of the first dimension mobile phase to the second
dimension v.hile still achieving chiral separation. In this study, the

and d-phase chiral
liquid :hmm.llogr.\ph) is assessed in terms nr emnhnselech\e separation of a broad range of pharmaceutical compounds. Applying
uid ch hy (TRLC) in the first dimension allows for analyses to be performed under purely

.\qm-om mndmons. which then allows for mmplelu and more generic refocusing of (organic) solutes prior to the second dimension.
This offers an enhanced ability to employ fast and broad compositional gradients over the chiral dimension, which broadens the
applicability of the technique. In the proposed platform, seven chiral columns (superficially porous and fully porous columns
(comprising both polysaccharide and macrocyclic antibiotic phases)) and four mobile phase gradients were screened on a
pharmaceutical test mixture. The platform was shown to be able to offer the necessary resolving power for the molecules at hand and
offers a new approach for chiral screening of mixtures of unrelated compounds.

Temperature responsive LC columns
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RPLC x SFC on-line vs. off-line
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MeOH pur puis ajout
On-line reversed-phase liquid chromatography x supercritical fluid

d e C02 ap res chromatography coupled to high-resolution mass spectrometry: A
powerful tool for the characterization of advanced biofuels
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Innovative chromatographic
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Separation of therapeutic oligonucleotides using ion-pair reversed-phase m
chromatography based on fundamental separation science -

Torgny Fornstedt”, Martin Enmark”
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ARTICLE INFO ABSTRACT

Kepword In recent decades, there has been a trend larger biological new active

Oliganucieatides
Analytical chromatography
Preparative chramatgraphy
Separation theary

ingredients (APls) instead of the dlassical small organic APl molecules. More recenty, this trend has shifted from
very large toward d APIs, such as stica. Because of their
fundamental role in gene regulaton, therapeutic oligonucleotides can be directed against their specific ribonu-
cleic acid (RNA) targets, representing a promising customized approach for the treatment of hitherto incurable

Ion-pair chromatography

fon-exchange chromatography diseases. There are several FDA-approved oligonudeotide-based therapeutics and many more are awaiting ap-

proval. The complicated synthesis and degradation pathways of oligonucleotides, involving sophisticated new
chemical modifications, generate hundreds of impurities, in contrast to classical small APIs, which typically con-
tain only around three to five well-defined 'Hg 1). Therefore, of pr entails
challenging for example, 41 g 1 Dia must be ina 10,000 Da
parent molecule for purpases of both quantfication and purification and at extremely high resolution. All ther-
apeutic ligonudeotides must be chemically modified before entering the body. One such modification is the

madification, which ra long PS oligonucleotide,
this exceeds half a million diastereomers.

In this review, we will examine recently pu'bhshcﬂ fon-pai liquid chromatographic separation swtegies to
meet current challenges separa will be brieily discussed
based on its merits for large-scale purification. The revew focuss on stdies combining theory and practice
and aiming at the analysis and preparative separation necessary for performing reliable quality control as well
as purification. All relevant aspects of the separation systems will be discussed, including the stationary phase,
pose size, mobile phase, and ion-pairing reagents. We will also discuss how the properties of the oligonucleotide
and its impurities can be exploited to increase separation selectivity. A particular focus will be on the adsorp-
tion of ion-pairing reagent and the electrostatic surface potential it generates, allowing for interaction with the
nodes o decrease the electrostatic

Review exhaustive
IP-RPLC of ONs

potential and thereby elute oligonucleotides will be covered.

Characterization of diastereoisomers

Journal of Ghromatography A 1708 (2023) 464327
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Characterization of antisense oligonucleotide and guide ribonucleic acid
diastereomers by hydrophilic interaction liquid chromatography coupled to
mass spectrometry

Molly S. Blevins, José G. Napolitano, Daniel Nguyen, Meenakshi Goel ,
Stefan G. Koenig, Tao Chen, Kelly Zhang

Alexandre Goyon ',
Brandon Scott, Jenny Wang,
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ARTIGCLE INFO ABSTRACT

Keywords: oligonucleotides have become an essential modality for a variety of therapeutic approaches, including cell and
Diastereomers zene therapies. Rapid progress in the field has auracted significant research in designing novel oligonucleotide
HILC chemistries and struetures. Beyond their polar nature, the length of large RNAS and presence of numetous di-
;:"N;l’;"‘ @ lified RNAs pose heightened challenges for their characterization. In

Oligonucleotides

Diastereoisomers of

ONs

this study, the stereochemistry of a fully-modified antisense oligonucleotide (ASO) and partially-modified guide
RNAs (gRNAs) was investigated using HILIC and orthogonal techniques. The profiles of three lots of a fully-
modified ASO with PS linkages were compared using ion-pairing RPLC (IPRP) and HILIC. Interestingly, three
isomer peaks were partially resolved by HILIC for two lots while only one peak was observed on the IPRP profile.
Model oligonucleotides having the same sequence of the five nucleorides incorporated to the 3-end of the gRNA
but differing in their number and position of PS linkages were investigated by HILIC, IPRP, ion mobility spec-
tromery-mass spectromeny (IM-MS) and nuclear magnetic resonance (NMR). An strategy was ultimaely
designed to aid in the of gRNA RNase) T1 digestion enabled the
characterization of sRNA diastercomers by recucing their mumber from 32 at the ANA infact level t0 4 or 8 at
the fragment level. To our knowledge, this is the first time that HILIC has successfully been utilized for the
profiling of diastereomers for various oligonucleotide formats and chemical modifications.




Characterization of diastereoisomers

Different
position and
number of PS
modifications
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Fig. 2. HILIC-UV profiles obtained for the four model oligonucleotides. The nucleotide three letter code indicates the type of phosphace linkage (*p" is for phos
phodiester, while “s” s for phosphorothioate), the nucleobase (“C" is for cytosine, while “U is for uridine) and the sugar type (“r" Is for ribose, while “m" is for 2-0-

‘methy! chemical modification).
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Fig. 3. IPRP-UV profiles obtained for the four model oligonucleotides.
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Applicability of supercritical fluid chromatography for oligonucleotide
analysis: A proof-of-concept study
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ABSTRACT

Keywords:

Oligonucleotide

Supercritical fluid chromatography
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Nucleic acid

Enhanced Auidiy liquid chromatography

fluid

‘We evaluated the sultability of (SFC) for analysis using 4-mer

i tides with various (PS) contents as model compounds. Column screening showed
that the diol-modified column was able to separate sequences with different PS contents. Optimization of the
column body and additives allowed us to analyze polar oligonucleotides using SFC. Various sequences were also
analyzed using the optimized method. A good peak shape was obtained when the guanine plus cytosine content
of the analyte was two or less in the 4-mer oligonucleotides. Furthermore, we found that the retention times of
the selected sequences were positively correlated with polar surface areas, indicating that oligonucleotides
interact with polar stationary phases. In contrast, more hydrophobic full PS sequences were retained more
strongly in the diol column than the full phosphodiester (PO) sequences. This suggests that the diol column has
unique selectivity for PO and Ps linkages. These results indicate that SFC Is potentially applicable to oligonu-
cleotide analysis with a separation mechanism that is different from that of ion-pair reversed-phase liquid
chromatography.




SFC of ONs
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Fig. 6. (A) Chromarograms of the selected sequence. For analytical conditions, see Table S1 (entry 7). (B) Bar chart of theoretical plate number calculated from the
chromatograms. (C) Relation berween the retention time and topological surface area. Dotted line indicates linear approximation.
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Keywords.
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Small interfering RNA (SiRNA)
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Nowadays, ion-pairing reversed-phase liquid chromatography (IP-RPLC) is the dominating generic method
for the analysis of nucleic acid related compounds, such as antisense-oligonucleotides (ASO). small-
interfering ribonucleic acid (siRNA) or other DNA or RNA type molecules and their conjugates. Despite
of its effective performance, the usage of a high concentration of ion-pairing reagent in the eluent in
IP-RPLC is unfavorable for the hyphenation with mass spectrometry (MS) which is required for a de-
tailed structural characterization of the analytes and their structurally related impurities. In this work,
we tested a polybutylene terephthalate (PBT}-bonded silica-based stationary phase for the separation of
generically synthesized Patisiran as siRNA (antisense and sense single strands as well as their annealed
double strand) giving some unexpected selectivity without any presence of ion-pairing reagents. Impor-
tant chromatographic conditions affecting the separation have been investigated and evaluated. Further-
more, M5 and tandem MS (MS/MS) characterization was possible without contamination of the MS sys-
tem with ion-pair agent and related problems.

© 2023 Elsevier BV. All rights reserved.
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ONs analysis in RPLC without ion pair !
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Fig. 4. RPLCUV chromatograms of Patisiran anuisense (guide) strand (A). sense (passenger) strand (B). and annealed sikNA duplex (C) on DCPake PBT column, The detected
peaks have been characterized by ESITOFR-MS, For compound list see Table 1, 2 and S1. LC-Conditions (A-C): MPA: water, 20 mM AF, %pH 6.3; MPB: MeOHjwarer 9:1 (v]v),
20 mM AF (zpH 6.3 of the aqueous iraction]: Gradient: 10%—45% MPB in 28 min; Temperarure: 40 -C; Flow rate: 0.6 mijmin. For MS parameters see chapter 24
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Ultra-short columns for ONs
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High-Throughput Chromatographic Separation of Oligonucleotides:
A Proof of Concept Using Ultra-Short Columns

Honorine Lardeux, Szabolcs Fekete, Matthew Lauber, Valentina D’Atri, and Davy Guillarme™*
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ABSTRACT: lon-pairing reversed: lee liquid Chmmﬂfﬂgraph)’ (Con-off elutionmecharism ][5> ([ Use of uitre-short columns ]
(IP-RPLC) is the reference for .
oligonucleotides (ONs) and their related impurities. The aim of = ““\"S me
this study was to better understand the retention mechanism of
ONgs, evaluate the applicability of the linear solvent strength (LSS)
retention model, and explore the potential of ultra-short columns =
having a length of only 5 mm for the separation of model ONs.  * =
First, the validity of the LSS model was evaluated for ONs having
sizes comprised between 3 and 30 kDa, and the accuracy of
retention time predictions was assessed. It was found that ONs in i
IP-RPLC conditions follow an “on—off” elution behavior, despite a ® . N N
molecular weight lower. than that of proteins. For most Inear  Ulra-fast separations of oligonucleotides
gradient separation conditions, a column length between $ and 35
mm was found to be appropriate. Ultra-short columns of only S mm were therefore explored to speed up separations by considering
the impact of the instr on the effici i Lhe impacts of injection volume and post-column connection
tubmg on pe:k c:paclty were found to be negligible. Finally, it was d d that longer columns would not improve selectivity
i but baseline separation of three model ONs mixtures was enabled in as little as 30 s on the $ mm column.
This ‘proof-of-concept work paves the way for future investigations using more complex therapeutic ONs and their related impurities.
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11



Ultra-short columns for ONs
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Pressure enhanced LC of ONs

Pressure-Enhanced Liquid Chromatography
as a Suitable Approach to Improve Waters
Selectivity for Large Molecule Separations THesnEeRr AT posstaer

Honorine Lardeux, Davy Guillarme, Mateusz Imiolek, Matthew A. Lauber, and Szabolcs Fekete

h

This work describes the lication of a pressur: d liquid chmmawgraphy (PE-LC) setup to tune the
separation of various large molecules comprised of nucleic acids (oli leic acid
[mRNA, and deoxyribonucleic acid [DNA]. When adding pressure as a method development parameter, it indeed
becomes possible to modify retention, selectivity, and peak width. As an example, the separation of oligonuclectides
having sizes comprised between 40 and 100-mer in ion-pairing d-phase liquid ch phy (IP-RPLC) was
drastically improved by using a stepwise pressure gradient to se\ectuvely shift the retention of a peak or group of
peaks. Resolution was increased from 1.5 to 11.8 when setting a rapid high pressure step (twofold increased pressure)
during the run. On the other hand, it was also possible to improve the separation of erythropoietin (EPO) mRNA and
related impurities under ion-exchange chmmmography (IEX). However, with this biomolecule, the best separation
was achieved by reducing the pressure in the system. Finally, for ancther sample (DNA ladder) under IEX conditions,
the ® pressure was found to have a limited i impact on the overall selectivity. As highlighted in this work, pressure is an
P

that can be lly used to develop LC methods of large biomolecules.
T . .
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Pressure enhanced LC of ONs

» Pressure impacts partial molar volume, conformation and energy of
molecular interactions

» Mobile phase and pressure gradient were combined within the run to
improve selectivity in IP-RPLC mode
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Orthogonality between modes for ONs
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Evaluating orthogonality between ion-pair reversed phase, anion
exchange, and hydrophilic interaction liquid chromatography for the i
separation of synthetic oligonucleotides

Matthew ]. Sorensen, Mellie June Paulines, Todd D. Maloney*
Synthetic Motecule Design and Development. Lilly Research Labs, Eli Litly and Company, indianapolis, N 46285, United Stares

ARTICLE INFO ABSTRACT

Artice histary: The orthogonality of separation berween ion-pair reversed phase (IP-RP), anion exchange (AEX), and hy-
Received 4 May 2023 drophilic interaction liquid chromatography (HILIC) was evaluated for oligonucleotides. A polythymidine
Revised 26 Junc 2023 standard ladder was first used to evaluawe the three methods and showed zero orthogonality, where

Accepted 27 June 2023

Avaibble oniine 28 fane 203 retention and selectivity were based on oligonuceotide charge/size under all three conditions. Next, 3

model 23-mer synthetic oligonucleotide containing 4 phosphorothioate bonds with 2’ fluore and 2'-0-

Keywords: methyl ribose modifications typical of small interfering RNA was used for evaluating orthogonality. The
Oligonucleotides resolution and orthogonality were evaluated between the three modes of chromatography in terms of
Orthogonality selectivity differences for nine common impurities, including truncations (n-1, n-2), addition (i + 1),
Ton-pair chromatography oxidation, and de-fluerination. We first evaluated different ion-pairing reagents that provided the best

ydrophilic interaction liquid
chromarography
Anion exchange chromatography

separation of the key impurities while separation due to link-
ages. Although different ion-pairing reagents affected resolution. very little orthogonality was observed.
We then compared the retention times berween IP-RP; HILIC, and AEX for each impurity of the model
oligonucleotide and observed various selectiviry changes. The results suggest that coupling HILIC with
either AEX or IP-RP provide the highest degree of orthogonality due to the differences in retention for
hydrophilic nucleobases and modificarions under HILIC conditions. IP-RP provided the highest overall res-
olution for the impurity mixture, whereas more co-elution was observed with HILIC and AEX. The unique
selectivity patterns offered by HILIC provides an interesting alternative to IP-RP or AEX, in addition o the
potential for coupling with multidimensional separations. Future work should explore orthogonality for
oligonucleotides with subtle sequence differences such as nucleobase modifications and base flip isomers,
longer strands such as guide RNA and messenger RNA, and other biotherapeutic modalities such as pep-
tides, antibodies, and antibody-drug-conjugates.

Orthogonality between modes for ONs
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Fig. 2. (A) Separation of 15-35mer polythymidine oligonucleotide standard ladder (poly-dT) under different chromatographic conditions. For ~ 0.0¢
2100 « 21 mm, 17 pm BEH Premier column with amide and C18 particles, respectively, was used. For AEX, a 150 « 21 mm, 8 ym PL-SA! k)
conditions: PA-HFIP: 1-16% B, DIPEA-HFIP: 6-13.5% B, DBA-HFIP: 15-22.5% B, TBAA: 35-50% B, AEX: 20-47X B (constant 20% C) all over 15

20 min gradient. For other conditions see the methods section. Orthogonality plots for poly-dT between (B) HILIC vs IP-RP and (C) AEX vs 1P-iB — HILIC
the two selected methods were observed indicating low orthogonality of these methods for the poly-dT ladder.

U No orthogonality seen for a poly-dT DNA
ladder — need to use real samples!

QO HILIC showed highest orthogonality vs. IP-RP
and AEX for synthetic oligonucleotides

O IP-RP provided highest resolving power
among the three methods
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2D-LC of ONs
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Optimization of orthogonal separations for the analysis of oligonucleotides
using 2D-LC

Christina Vanhinsbergh %, Elliot C. Hook b Nicola Oxby b, Mark J. Dickman ™

* Department of Chemical and Biological Engincering, Mappin Street, University of Sheffield, 51 2JD, UK
* GlaxoSmithKline, GSK Medicines Research Centre, Gunnels Wood Road, Stevenage, Herts SG1 2NY, UK

ARTIGLE INFO

ABSTRAGT

Keywords:

Oligonucleotides

HPLC

2D HPLG

fon pair reversed phase HPLC
Anion exchange HPLC

©ligonucleotides are commonly analysed using one dimensional chromatography (1D-LC) to resolve and char-
acterise manufacturing impurities, stwructural isomers and (in respect to emerging oligonucleotide therapeutics)
drug substance and drug product. Due to low selectivity and co-eluion of closely related oligonucleotides using
1D-LC, analyte resolution is challenged. This leads to the requirement for improved analytical methods. Multi-

imensi has wility in a range of applications as it increases peak capacity
using orthogonal separations, however there are limited studies demonstrating the 2D-LC analysis of closely
related oligonucleotides. In this study we optimised OGN size and sequence based separations using a variety of
1D-LC methods and coupled these orthogonal modes of chromatography within a 2D-LC workflow. Theoretical
2D-LC workflows were evaluated for optimal orthogonality using the minimum convex hull metric. The most
orthogonal workflow identified in this study was ion-pair reversed phase using tributylammeonium acetate (IP-
RP-TBuAA) coupled with strong anion exchange in conjunetion with sodium perchlorate (SAX-NaClO.) at high
mobile phase pH. We developed a heart-cut (IP-RP-TBUAA)-(SAX-NaClO5) 2D-LC method for analysis of closely
related size and sequence variant OGNs and OGN manufacturing impurities. The 2D-LC method resulted in an
increased orthogonality and a reduction in co-elution (or close elution). Application of a UV based reference
mapping strategy in conjunction with the 2D-LC method demonstrated a reduction in analytical complexity by
reducing the reliance on mass based detection methods.

2D-LC of ONs
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capacity, a reduction in co-elution events
and improved resolution
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Innovative chromatographic
approaches for proteins and mAbs

Micro-flow SEC
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Insights on further improving fast size exclusion chromatography )
separations of biopharmaceuticals using 2.1 millimetre column ==
diameters

Szabolcs Fekete®*, Matthew Lauber®

3Waters Corporation, located in C(MU-Rue Michel Servet 1, 4, Geneva 1211, Switzerland
b Waters Corporation, 34 Maple Street, Milford, MA 01757, United States

ARTICLE INFO

ABSTRACT

Article history:
Received 5 December 2022
Revised 17 January 2023
Accepted 18 January 2023
Available online 19 January 2023

Keywords:
Size exclusion chromatography
Narrow bore

21 mm LD.

Extra-column dispersion
Therapeutic proteins

Recent trends in the pharmaceutical and biotechnology industries call for the miniaturization of size ex-
clusion chromatography. The thought of such a future has been tantalizing but there are many practi-
«cal and theoretical considerations that have impeded progress. Here, the capabilities of a narrow bore
21 mm ID SEC column have been studied and compared to reference 150 x 4.6 mm SEC columns when
using UV detection. While our study reconfirms the importance of having very low system dispersion
for SEC separations, it goes on to show that a 150 x 2.1 mm 17 pm particle SEC column can offer a
Dbalanced compromise of performance. Despite the fact that the 150 x 21 mm ID 17 pm column’s in-
trinsic efficiency was not fully utilized, it still performed with an apparent efficiency similar to that of a
150 x 4.6 mm ID 2.5 pm column. Beyond this, our study provides insights on what more will need to be
achieved to robustly establish low flow SEC separations. If SEC chromatographers aim to miniaturize siz-
ing separations to 1 mm diameters or below, there is more work to do on chromatographic instruments
and flow paths. In order for an instrument to be optimized for 1 mm ID SEC it would need to exhibit a
system variance of less than 0.5 L2,
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Micro-flow SEC
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Micro-flow SEC-MS
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Micro-flow size-exclusion chromatography for enhanced native mass

spectrometry of proteins and protein complexes
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HIGHLIGHTS

GRAPHICAL ABSTRACT

«Micro-flow  SECnative MS offers
enhanced sensitivity for the detection of
‘higher-order structures.

eLow flow rates (<15 jl/min) allow
milder ionization conditions ensuring
native MS of proteins.

« Micro-flow SEG allows the use of higher
concentration of volatile sals, prevent-
ing protein adsorption more efficiently.

 Trapping the protein before SEC-natve
MS eliminates the adverse chromato-
graphic  effects of large volume
injections.

Imm SEC column
D < 15 pL/min
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Micro-flow SEC-MS
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Fig. 1. l\) Extracted-ion chromatograms (EICs) of BSA analysed with i flow (top) and micro-flow (bottom) SEC-MS with a mobile phase of 50-mM
5 B) ding mass spectra of BSA monomer (M) and C) dimer (M2). Conditions: Conventional-flow SEC-MS: flowrate, 200 pL/min;

injected BSA concenuauon 60 pM; Micro-flow SEC-MS: flowrate 15 pL/min, injected BSA concentration, 15 pM.

0 Micro-flow SEC-native MS offers enhanced sensitivity for the detection of higher-order
structures

Low flow rates (< 15 pL/min) allow milder ionization conditions ensuring native MS of
proteins

Micro-flow SEC allows the use of higher concentration of volatile salts, preventing
protein adsorption more efficiently

Trapping the protein before SEC-native MS eliminates the adverse chromatographic
effects of large volume injections

0o 0O O

Recycling SEC
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Resolution limits of size exclusion chromatography columns identified L
from flow reversal and overcome by recycling liquid chromatography to
improve the characterization of manufactured monoclonal antibodies

Fabrice Gritti

Milford, MA, 01757, USA

ARTICLE INFO ABSTRACT

Kemwons
Flow reversal

Size exclision chromatography
Loag-range velocity biases
Gharacterization of monoclonal antibodies
Twvin column recyeling chmmatography

‘The flow reversal (FR) technique consists of reversing the flow direction along a chromatographic columa. It is
used to reveal the origin (such as poor column packing, active sites, or slow absorption/escape kinetics) for the
resolution limit of 4.6 mm x 150 mm lmg columns packed with 1.7 jum 200 A Bridge-Ethylene-Hybrid (BEH' )
Particles. 1 used monoclanal antibodies (mAb, ~ 150 kDa) from their
close impurities (or 1deS fragments, ~ luo kDa) by size exclusion chromatography (SEC). FR unambiguously
demonstrates that the resolution limit of these SEC columns is primarily due to long-range flow velocity biases
covering distances of at least 500 pm across the column diameter. This confirms the existence of center-to-
wall flow heterogeneities which cause undesirable tailing for the mAb peak. Because the transverse dispersion
coefficient (D, =1.1 x 10~ cm?/s) of mAbs across the column diameter s intrirsically low, the bandspreading
of the mAb in a single flow direction s in part reversible upon reversing the flow direction, For the very same
residence time in the column, the column efficiency is found to increase by +85% relative to that observed
under conventional elution mode. The observed peak tailing of the mAb and its sub-units is not caused by active
surface sites or by slow absorption/escape from the BEH Particles. Therefore, the most critical mAb impurities
(hydrolytic degradation F,y;, and IdeS Fy,, fragments) can oaly be successfully separated and quantified with
acceptable accuracy by adopting altemate pumping recycling liquid chromatography (APRLC). APRLC enables
the full baseline separation of the mAb and 100 kDa mAb fragments and partial separation of Fg,, and Fy,
fragments after increasing the number of cycles (o ten. It was made posible (o accurately measure the relative
abundances of the mAb (99.0 4 0.1%), Fy,, fragment (0.88 + 0.03%), and £y, immunogenic fragment (0.13
+0.02%) in less than 45 min for a total mAb sample load of only 5 pg. Still, further improvements are needed
1 increase the sensitivity of the APRLC method and to by adoping bo
2.1 mm i.d. SEC columns.
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Recycling SEC
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SEC-CDMS

Charge-detection mass spectrometry (CDMS) determines the mass of
ions directly (not m/z) and enables direct measurement of the charge
of an ion alongside its mass-to-charge ratio

[loesen]

Y EI\emistry
This artcte is lisensed unger co-BY 4.0 (=) (T

e At |

Exploring Charge-Detection Mass Spectrometry on
Chromatographic Time Scales|

Lisa Strasser,” Florian Fiiss,” Tomos E. Morgan, Sara Carillo, and Jonathan Bones*

Cite This: https-//doi.org/10.1021/acsanalchem 3c03325 m Read Online
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ABSTRACT: Charge-detection mass spectrometry (CDMS) enables direct

‘measurement of the charge of an ion alongside its mass-to-charge ratio. CDMS ~ cinces il

offers unique capabilities for the analysis of samples where isatopic resolution or B
T e 07 die cri et S cabe), b, P 4
‘macromolecules ar highly complex mixtures. CDMS is usually performed using I

static nano-electrospray ionization-based direct infusion with acquisition times in
the range of several tens of minutes to hours. Whether CDMS analysis is alsa
attainable on shorter time scales, eg, comparable to chromatographic peak
‘widths, has not yet been extensively investigated. In this contribution, we probed
the compatibility of CDMS with online liquid chromatography interfacing. Size
exclusion chromatography was coupled to CDMS for separstion and mass
determination of a mixture of transferrin and f-galactosidase. Molecular masses
obtained were compared to results from mass spectrometry based on ion
ensembles. A relationship between the number of CDMS spectra acquired and the
achievable mass accuracy was established. Both proteins were found to be confidently identified using CDMS spectra obtained from
2 single chromatographic run when peak widths in the range of 1.4-2.5 min, translating to 140~ 180 spectra per protein were
achieved. After demonstration of the proof of concept, the approach was tested for the characterization of the highly complex
glycoprotein a-1-acid glycoprotein and the Fe-fasion protein stanercept. With ‘peak widths of approxis min,
translating to ~200 spectra, both proteins were identified, ing applicability for samples of high inherent
molecular complexity.
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SEC-CDMS

U SEC-CDMS method (with MS friendly mobile phase) was
developed to separate p-galactosidase (466 kDa) and transferrin
(80 kDa)

U The method was then applied to AGP and etanercept (highly
glycosilated species)
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Effectively removing the homodimer in bispecific antibodies by weak =
partitioning mode of anion exchange chromatography

Xiaoying Liang, Qingquan He, Guohong Qin, Guozhu Li, Qian Li, Huanghong Tan, Zichen Wang,
Mengni Fan, Dan Xu

Nanjing Ghia-Tat Tianqing Pharmaceutical Go.Ltd, Panghua Pharmaceutical Research Institute, Department of Biology, Nanjing 210046, Ghina

ARTICLE INFO ABSTRACT
Keywords: small amounts of by-products are nevertheles created during the recombinant production of IgG-like bispecific
Bispecific antibody (bsAb) antibodies due to imbalanced chain expression and improper chain pairing, despite the employment of molecular
Homodimer strategy techniques to promote accurate pairing. Among them, homodimers represent the species that are more
C‘{;‘a‘:‘ ‘;‘::"‘gf ("E’?dd“""‘“‘“gm"h" difficult to remove due to their physical and chemical properties being similar to the target antibody. Homodimer

partitioning moce by-products are always produced even though various ies can signil increase the expression of

Design of experiments (DoE)

High throwghput process development (HTPD) heterodimers, 5o a robust purification process to recover high-purity heterodimers is required. Most of the

chromatography methods commonly adopt the bind-and-elute mode or two-step to separate homodimers, which
has numerous drawbacks such as prolonged process times and limited dynamic binding capacity. Flow-through
mode of anion exchange is a frequently-used polishing step for antibodies, but it is typically regarded as being
more effective for host-cell protein or host-cell DNA removal rather than other product-related impurities such as

imers and This paper that single-step anion exchange chromatography allows
high capacity and effective clearance of the homodimer byproduct to be simultaneously achieved, suggesting
that weak partitioning was a better polishing strategy for achieving a high level of heterodimer purity. And
robust operation range of anion exchange steps for imer removal was also developed by
leveraging the design of experiments.
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Homodimers separation of bsAbs
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Novel Multidimensional Liquid Chromatography Workflow with In-
Loop Enzymatic Digests of Multiple Heart-Cuts for Fast and Flexible
Characterization of Biotherapeutic Protein Variants

Kilian Mayr, Thomas Weindl, Achim Girtner, Julien Camperi, Thomas Maetzke, Markus Forster,
Thomas Nachtigall, Frank Steiner, Annette Vogt, Fabian Hosp,* and Michael Molhoj

Cite This: https//dol.org/10.1021/acs analchem 2c04467 E Read Online
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ABSTRACT: Multidimensional liquid hy (mD-LC)is Heart-cuts in
becoming a powerful tool for complete characterization of individual _ '-LC heartcutting capillary loops oic
peaks and protein variants through separation methods such as | § . { %
nondenaturing ion exchange (IEC) or size-exclusion chromatography ;f | 7 -
coupled to reversed-phase (RP) chromatography. The flexibility of SR s soparsin
commercially available and customized mD-LC systems is still = | e T a
limited in terms of enzymatic peak p between ch

graphic dimensions. In this regard, only a few column-immobilized | %, F;’ 7 N (/ N // |\ \ /
proteases are available for detailed peak characterization by mD-LC K | rf
coupled to mass spectrometry (mD-LC—MS). Here, we present a sl ke bl DR e
b multiple he g mD-LC design R oR  FmwFe Faowm Fo mang
mth a novel analytical workflow involving in-| loop enzymatic heart- =
cut digestion between the ot s e Depatured oc nefive: M8
the second dimension before MS or MS/MS analyses. The setup facilitates the spike-in of any enzyme to mulhp[e heart-cuts for
multilevel analysis, for example, for peptide mapping, fragment or to reduce heterog and provide
maximum flexibility in terms of incubation time for optimal peak ch. ization. We d the application of IEC coupled to
RP-LC—MS and automated in-loop deglycosylation and on-column reduction of an IgG antibody combined with upper hinge region
cleavage for Fab generation. We further employ mD-LC—MS and mD-LC—MS/MS to assess post-translational modifications of a
bispecific antibody and to support molecule selection by evaluating the best downstream purification strategy. The novel design and
automated workflow of the mD-LC system described here offers enhanced flexibility for in-solution processing and real-time
monitoring of multiple heart-cuts enabling streamlined characterization of unknown biotherapeutic charge and size variants.
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4D-LC of mADbs

The setup facilitates the spike-in of any enzyme to multiple heart-cuts
for multilevel analysis, for example, for peptide mapping, fragment
generation, or deglycosylation

2-position/6-port
Valve L

enzymebuffor
solution (1.5 mL)
enzyme/butfer

solution (1.5 mL)

2-position/6-port 2-position/7-port
Valve B 4 Valve C

In-loop deglycosylation
In-loop trypsine digestion

PEEK capllary loop for
heart-cut processing (TCC2)

Schematic illustration of the automated loop transfer of heart-cuts with simultaneous spike-in of enzyme and buffer.

The enzyme-buffer solution pumped in circulation by two mixing tees is combined with the 1D-LC heart-cut using the 2-position/6-port valve L.
All in-line digests were performed using 600 uL/min (heart-cut peak) and 300 pL/min (enzyme-buffer blend) flows.

The blend is mixed horizontally using a 10 pL Titan in-line filter integrated between the valves L and B

The mixture is then transferred to a variable size PEEK-capillary loop in the column compartment for temperature-controlled digestion.

Analytical / functional testing of mAbs
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In-Depth Characterization of mAb Charge Variants by On-Line
Multidimensional Liquid Chromatography-Mass Spectrometry
Zhuoyu Liu, Yanjing Cao, Lei Zhang,* Ya Xu, and Zhongli Zhang*
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ABSTRACT: In-depth ization of charge h. g is 2DLC-MS 4DLC-MS
a pivotal step desired in the therapeutics antibody d:vslupm:nt

Ta this end, a novel on-line multidimensional liquid chromatog- N\ “‘\\{l \\{l
o\ /A ox

raphy-mass spectrometry (MDLC-MS) method for charge variant
characterization was developed to dig out potential risks on safety

CDR/Fe PTMs

and efficacy. This method implemented 96-well plate fractionation ptruncated ST Ferhiy o
and on-column preconcentration by multi-injection, thereby =
facilitating detection of charged species at low abundance. Eleven n

charge variants of mAb-A were preliminarily characterized by

2DLC(CEX x RP-Cy)-MS. TRVHS and RVHS signal peptide MDLC-MS dig out potential risks in antibody R&D

variants of mAb-A were found in basic peaks of the CEX profile.

The results supported process development in a timely manner,

and the signal peptide-containing variants with potential immunogenicity were successfully removed by an optimized purification
process. The retained seven charge vaiants of mAb-A were further characterized by 4DLC(CEX X RP-C, X TrypsinXRP-C,5)-MS.
Post-translational modifications including ion, cyclization of N- i ine, C-terminal lysine truncation as well as
proline amidation, and methionine oxidation were identified, and their potential risks were evaluated. Biological activity of the seven
charge variants was evaluated by 2DLC (CEX x FeyRlIla). Increased FeyRIlla receptor binding affinity was observed in the acidic
variants. The MDLC-MS detection can be completed in 72 h with 1.25 mg of mAb, demnnsl[almg to be sample-economic, time-
effective, and labor-saving. It provided a powerful and timely tool for charge variant ch and met the timeline
desired for antibody development.
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Analytical / functional testing of mAbs
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Affinity chromatography — functional testing

Development of Clq Affinity Chromatography for the Study of
Clq-l1gG Interactions

Michael J. E. Marshall,* Alexander Knaupp,t Christian Spickf Ilker Koese,** Maria Maier,Y
Mark S. Cragg,* Florian Cymer,§ and Tilman Schlothauer®

The classical complement system represents a central effector mechanism of Abs initiated by the binding of Clq to target bound
IgG. Human Clq contains six heterotrimeric globular head groups that i IgG i ion, T ing in an avidity-driven
binding event i ing Itiple 1gG lecules binding a single Clq. Accordingly, surface bound IgG molecules are thought to
assemble into noncovalent hexameric rings for optimal binding to the six-headed C1q. To study the Clg—Fc interaction of various
Abs and screen for altered Clq binding we ped, to our kr pe, a novel HPLC-based method. Employing a single-
chain form of Clq representing one Clq head group, our HPLC methodology was able to detect the interaction between the single-
chain monomeric form of Clq and various ligands. We show that, despite a narrow window of specific binding owing to the low
affinity of the monomeric Clg-IgG interaction, this app h clearly distingui: between IgG subclasses with established Clq
binding properties. IgG3 displayed the strongest binding, followed by IgGl, with IgG2 and 1gG4 showing the weakest binding. Fc
mutants known to have increased Cll| blmlmg Ihmngh oligomerization or enhanced Clq interaction showed greatly increased

column r i and IgG gly displayed a i trend of increasing retention upon increasing galactosylation and
sialylation. burthermure, the cnlumn retention of IgG isotypes and glycovariants matches both the cell surface recruitment of Clq
and ity induced by each variant on an anti-CD20 Ab backbone. This methodology therefore provides

a valuable tool for testing IgG Ab (glyco)variants for Clq binding, with clear relevance for therapeutic Ab development. The
Journal of Immunology, 2023, 210: 1837-1848.

Direct evaluation of complement dependent cytotoxicity
(CDC) without the need for cell-based assays
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Affinity chromatography — functional testing

Comparison of the 1gG binding properties of the scClq
column to cell-based assays of complement activation
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Fcyllla, FcRn and C1Q affinity columns are now
available from Roche (expensive!)

A4F-MS
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Characterizing Non-covalent Protein Complexes Using
Asymmetrical Flow Field-Flow Fractionation On-Line Coupled to
Native Mass Spectrometry

Iro Konstantina Ventouri, Wayne Chang, Florian Meier, Roland Drexel, Govert W. Somsen,
Peter ]. Schoenmakers, Bart de Spiegeleer, Rob Haselberg,* and Alina Astefanei®
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ABSTRACT: We report an online analytical platform based on

the coupling of asymmetrical flow field-flow fractionation (AF4)

and native mass spectrometry (nMS) in parallel with UV-  iuigphose r
absorbance, multi-angle light scattering (MALS), and differential-

refractive-index (UV—MALS—dRI) detectors to elucidate labile =-8 .
higher-order structures (HOS) of protein biotherapeutics. The L MQ ]
technical aspects of coupling AF4 with nMS and the UV—MALS— o

dRI multi-detection system are discussed. The “slot-outlet”
technique was used to reduce sample dilution and split the AF4 effluent between the MS and UV—MALS—dRI detectors. The
stability, HOS, and dissociation pathways of the tetrameric biotherapeutic enzyme (anticancer agent) L-asparaginase (ASNase) were
studied. ASNase is a 140 kDa homo-tetramer, but the presence of intact octamers and degradation products with lower molecular
weights was indicated by AF4— MALS/nMS. Exposing ASNase to 10 mM NaOH disturbed the equilibrium between the different
non-covalent species and led to HOS dissociation. Correlation of the information obtained by AF4—MALS (liquid phase) and AF4—
nMS (gas phase) revealed the formation of monomeric, tetrameric, and pentameric species. High-resolution MS revealed
deamidation of the main intact tetramer upon exposure of ASNase to high pH (NaOH and ammonium bicarbonate). The particular
information retrieved from ASNase with the developed platform in a single run demonstrates that the newly developed platform can
be highly useful for aggregation and stability studies of protein biopharmaceuticals.

. asaregaion/
wsemantston

B, .
b I Vw8 s phase
ey

l

accurate molar mass

(chemical) modifications
gas phass ot T

24



A4F-MS
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AF4-nMS of unstressed ASNase (monomeric,
tetrameric and octameric species are investigated)

Lab of the future: automation

Journal of the American Society for

Mass Spectrometry
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“Lab of the Future”—Today: Fully Automated System for High-
Throughput Mass Spectrometry Analysis of Biotherapeutics
Published as part of the Journal of the American Society for Mass Spectrometry virtual special issue “High-
Throughput in Mass Spectrometry”.

Hans E. Waldenmaier,* Elsa Gorre, Michael L. Poltash, Harsha P. Gunawardena, Xianglin Alex Zhai,
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ABSTRACT: Here we describe a state-of-the-art, integrated, multi-
instrument automated system designed to execute methods involved in
mass sp h ization of bioth The system
includes liquid and microplate handling robotics and utilities, integrated
LC-MS, along with data analysis software, to perform sample
purification, preparation, and analysis as a seamless integrated unit.
The automated process begins with tip-based purification of target
proteins from expression cell-line supernatants, which is initiated once ®
the samples are loaded onto the automated system and the metadata are
retrieved from our corporate data Aggregation system. Subsequently; the 5
purified protein samples are prepared for MS, including deglycosylation 1_,‘
and reduction steps for intact and reduced mass analysis, and
proteolytic digestions, desalting, and buffer exchange via centrifugation
for peptide map analysis. The prepared samples are then loaded into the LC-MS$ instrumentation for data acquisition. The acquired
raw data are initially stored on a local area network storage system that is monitored by watcher scripts that then upload the raw MS
data to a network of cloud-based servers. The raw MS data are processed with the appropriately configured analysis workflows such
as database search for peptide mapping or charge deconvolution for undigested proteins. The results are verified and formatted for
expert curation directly in the cloud. Finally, the curated results are appended to sample metadata in the corporate data aggregation
5

U

system to pany the biotherapeutic cell lines in sub processes.




Lab of the future: automation

The purified protein samples are
prepared for MS, including
deglycosylation and reduction
steps for intact and reduced mass
analysis, and proteolytic
digestions, desalting, and buffer
exchange via centrifugation for
peptide map analysis

The prepared samples are m
then loaded into the LC-MS aalle

instrumentation (Orbitrap i
Exploris 480) E r——)

for data acquisition

LC-MS Undigested

Sample Preparation Data Acquisition Data Analysis

Innovative chromatographic
approaches for AAVs and mRNA

h
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Review on AAVs
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Article history: In recent years, the biopharmaceutical industry’s interest in gene therapy modalities has increased
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dramatically. To warrant their quality during manufacturing and upstream/downstream process, fit-for-
purpose analytical methods play a crucial role in the overall control strategy. However, characterization
of gene therapy products remains challenging due to their large size, structural complexity, heteroge-
neity, potential instability, and limited sample availability. In addressing some of these challenges with
innovative approaches, liquid chromatography (LC) based methods have become an integral part of the
currently used analytical toolbox. This review focuses on both established methods and emerging trends
in the LC analysis of adeno-associated virus (AVV) vector-based gene therapy products. Each method is
discussed to highlight their and unique in the analysis of AAV gene
transfer vehicles and their corresponding impurities. Taken together, this review provides guidance on
the selection of LC-based methods for routine testing and extended characterization of gene therapy
products.

Micro-flow LC for AAVs

Applied Biochemistry and Biotechnology
https://dol.org/10.1007/512010-023-04656-x
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Characterization of Adeno-Associated Virus Capsid Proteins
by Microflow Liquid Chromatography Coupled with Mass
Spectrometry
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Zoe Zhang? - Yong Zhou' - Hong-Xu Chen?

Accepted: 4 July 2023
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Abstract

Adeno-associated virus (AAV) has been widely used to treat various human diseases as an
important delivery vector for gene therapy due to its low immunogenicity and safety. AAV
capsids proteins are comprised of three capsid viral proteins (VP; VP1, VP2, VP3). The
capsid proteins play a key role in viral vector infectivity and transduction efficiency. To
ensure the safety and efficacy of AAV gene therapy products, the quality of AAV vector
capsid proteins during development and production should be carefully monitored and con-
trolled. Microflow liquid chromatography coupled with mass spectrometry provides supe-
rior sensitivity and fast analysis capability. It showed significant advantages in the analysis
of low- concentration and large numbers of AAV samples. The intact mass of capsid pro-
tein can be accurately determined using high-resolution mass spectrometry (MS). And MS
also provides highly confident confirmation of sequence coverage and post-translational
modifications site identification and quantitation. In this study, we used microflow lig-
uid chromatography-tandem mass spectrometry (LC-MS/MS) for the characterization of
AAV2 capsid protein. we obtained nearly 100% sequence coverage of low-concentration
AAV?2 capsid protein (8x 10" GC/mL). More than 30 post-translational modifications
(PTMs) sites were identified, the PTMs types included deamidation, oxidation and acetyla-
tion. From this study, the proposed microflow LC-MS/MS method provides a sensitive and
high throughput approach in the characterization of AAVs and other biological products
with low abundance.
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Micro-flow LC-MS/MS for AAV2 capsid protein
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Low sample consumption, high sensitivity
100% sequence coverage, more than 30 PTMs identified !
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Development of a Two-Dimensional Liquid Chromatography-Mass
Spectrometry Platform for Simultaneous Multi-Attribute
Characterization of Adeno-Associated Viruses
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2D-LC for AAVs

ABSTRACT: Adeno-associated viruses (AAVs) are non-enveloped, single-stranded  ay " “m"m i“’D‘WW WS Analysis
DNA viruses that have recently emerged as an attractive vector for delivering genetic

adhptive immune resporses, AAVs are currently used in research and clinical studies 35 2. © |_L La__. i
monotherapy or with other biomolecules to perform gene editing, replacement,

an online two-dimensional liquid v (2DLC-MS) method was developed for AAV characterization.
Our method uses high-resolution anion- ex:hang;e duam:tag(aphy (AE() in the first dimension to separate and measure empty and
following AEX. The viral proteins present in the peak of interest after first-dimensional AEX are subjected to intact protein
separation on the second-dimensional RPLC column and then characterized by MS. The 2DLC-MS method demonstrated in this

materials to hosts for gene therapy applications. Due to their ability to transduce a wide _

range of species and tissues in vivo, low risk of immunotoxicity, and mild innate and

addition, and silencing. As AAVs are a new and complex therapeutic modality with molecular weights into the megadalton range,
new analytical techniques are therefore needed to sllppnrl process development, product characterization, and release. In this study,
full capsids in AAV samples, followed by reversed-phase liquid chromatography coupled with mass spectrometry (RPLC-MS) to
separate and characterize viral proteins. In this technique, online denaturation and removal of MS-incompatible salt were performed
study allows for high-throughput and multi-attribute AAV characterization in a single run, with minimal sample handling required for
different AAV serotypes.




2D-LC of AAVs

. Heart-Cutting
Anion-Exchange 1.1
Chromatography : :
—_— 1 ¥
]
Empty/Full Capsid _
Measurement
Reversed-Phase
BN Liquid Chromatography Trap Column
— —
Viral Protein Online Denaturation
A Characterization and Desalting

Schematic of the 2D LC-MS platform used for multi-attribute characterization of adeno-

associated viruses (AAVS).

In this platform, AAV samples first undergo AEX separation for empty and full capsid
measurements. Using the heart-cutting technique in 2D-LC, peaks of interest are stored in
different trapping loops, and fractions are transferred to second-dimension LC, where the
fractions are subjected to online denaturation and desalting in a trap column, followed by

separation using RPLC-MS (viral proteins characterization).
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ARTICLE INFO ABSTRACT

e Lipid encapsulated messenger RNA (LNP mRNA) has gamnered a significant amount of interest from the phar-
Lipid nanoparticles maceutical industry and general public alike. This attention has been catalyzed by the clinical success of LNP
mRNA mRNA for SARS-CoV-2 vaccination as well as furure promises thar might be fulfilled by the biotechnology

““’”“‘m o i shase pipeline, such as the in vivo delivery of a CRISPR/Cas9 complex that can edit patient cells to reduce levels of low-
Uh;’““‘g . density lipoprotein. LINP mRNAs are comprised of various chemically diverse molecules brought together in a
Lipid compositional anelysis sophisticated intermolecular complex. This can make it challenging to achieve thorough analytical character-

fzation. . liquid is becoming an increasingly relied upon technique for LNP mRNA
analyses. Although there have been significant advances i all types of LNP mRNA analyses, this review focuses
on recent developments and the possibilities of applying anion exchange (AEX) and ion pairing reversed phase
(1P-RP) liquid chromatography for intact mRNAs as well as techniques for oligo mapping analysis, 5' endcap
testing and lipid compositional assays.
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MRNA poly(A) tail length and heterogeneity
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ABSTRACT: Messenger RNA (mRNA) is a new class of op  @p .
therapeutic compounds. The current advances in mRNA A I -
technology require the development of efficient analytical methods. a | |

In this work, we describe the development of several methods for
measurement of mRNA poly(A) tail length and heterogeneity.
Poly(A) tail was first cleaved from mRNA with the RNase T1 Py
enzyme. The average length of a liberated poly(A) tail was an pol#) tengih
analyzed with the size exclusion chromatography method. Size 123 T g PO Nekerogeneity

A

Intact mRNA

heterogeneity of the poly(A) tail was estimated with high- JM‘ ssssssss - o
resolution ion-pair reversed phase liquid chromatography (IP RP I , L

LC). The IP RP LC method provides resolution of poly(A) tail A R4

aligonucleotide variants up to 150 nucleotide long. Both methods oot sieorcusen chramatoarashy

use a robust ultraviolet detection suitable for mRNA analysis in

quality control laboratories. The results were confirmed by the LC-mass spectrometry (LC MS) analysis of the same mRNA sample.
The poly(A) tail length and heterogeneity results were in good agreement.

b

MRNA poly(A) tail length and heterogeneity

5
Intact mRNA i
~124 nt
poly(A) length
123 12:4 e poly(A) heterogeneity measurement
N | _125 measurement

~124 nt

!

lon-pair RP LC Size-exclusion chromatography

» Average length measured with SEC

» Heterogeneity was measured with IP-RPLC (resolution up to 150 bp)
h- SEC and IP-RPLC results were in good agreement
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Separation of Plasmid DNA Topological Forms, Messenger RNA, and
Lipid Nanoparticle Aggregates Using an Ultrawide Pore Size
Exclusion Chromatography Column
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ABSTRACT: Health authorities have highlighted the need to “—— % @ g
determine oligonucleotid However, existing technol- oV < » o0
ogies have limitations that have prevented the reliable analysis of | ows™

size variants for large nucleic acids and lipid nanoparticles (LNPs). | Messenger RNA /77 (/7

In this work, nucleic acid and LNP aggregation was examined using By

prototype, low adsorption ultrawide pore size exclusion chroma- Mo, . n,

tography (SEC) columns. A preliminary study was conducted to g 7 e 7 O .
determine the column’s physicochemical properties. A large LIl b f\
difference in aggregate content (17.8 vs $9.7 %) was found for a P {
model messenger RNA (mRNA) produced by different manu- VAVAN

facturers. We further investigated the nature of the aggregates via a
heat treatment. Interestingly, thermal stress irreversibly decreased
the amount of aggregates from 59.7 to 4.1% and increased the main
peak area 3.3-fold. To the best of our knowledge, for the first time, plasmid DNA topological forms and multimers were separated by
analytical SEC. The degradation trends were compared to the data obtained with an anion exchange chromatography method.
Finally, unconjugated and fragment antigen-binding (Fab)-guided LNPs were analyzed and their elution times were plotted against
their sizes as measured by DLS. Multi-angle light scattering (MALS) was coupled to SEC in order to gain further insights on large
species eluting before the LNPs, which were later identified as self-associating LNPs. This study demonstrated the utility of ultrawide
pore SEC columns in characterizing the size variants of large nucleic acid therapeutics and LNPs.

Size Exelusion Chrematography

Ultra-wide pore SEC columns for mRNA
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