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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 l’année 2023.

Ces nouveautés seront dédiées à 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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Congrès HPLC 2023

HPLC 

2022
San 

Francisco

HPLC 

2023
Dusseldorf

Tendances au congrès HPLC 2023

Biopharmaceuticals and oligonucleotides

• 1 mm I.D. SEC columns

• Column packed with 1.1 µm 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

Bioinert

• Various metal passivation strategies

Current 

bottleneck
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Innovative chromatographic

approaches for small molecules

analysis

Excellent review on nonpecific adsorption
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HILIC sample introduction

HILIC sample introduction

Sample diluted

in 70%ACN

Sample diluted

in 50%ACN

Sample diluted

in 90%ACN

Mobile phase: 90%ACN
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Micropillar array columns

Pharmafluidics now part of Thermo 

Micropillar array columns

La taille des piliers et la distance 

inter-piliers a été divisé par 2
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Temperature responsive LC columns

Temperature responsive LC columns

TRLC: purely aqueous mobile phase
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RPLC x SFC on-line vs. off-line

L’interface est 

balayée avec du 

MeOH pur puis ajout 

de CO2 après 

l’interface LCxSFC

Innovative chromatographic

approaches for oligonucleotides
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Excellent review of ONs in IP-RPLC

Review exhaustive 

IP-RPLC of ONs

Characterization of diastereoisomers

Diastereoisomers of 

ONs
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Characterization of diastereoisomers

HILIC columns

with amide or diol

Different

position and 

number of PS 

modifications

2 diastereoisomers

2 diastereoisomers

4 diastereoisomers

4 diastereoisomers

2 diastereoisomers

2 diastereoisomers

4 diastereoisomers

4 diastereoisomers

Better

selectivity in 

IP-RPLC

SFC of ONs
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SFC of ONs

4-mer ONs were analyzed

DIOL column

Unique selectivity for PS linkage

ONs analysis in RPLC without ion pair !

Colonne vendue par Chiral Technologies
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ONs analysis in RPLC without ion pair !

Mixed-mode 

interaction

Ammonium formate or 

ammonium acetate

buffers

Ultra-short columns for ONs
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Ultra-short columns for ONs
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S = 3 (0.2 kDa)

S = 29 (3 kDa)

S = 237 (30 kDa)

S = 116 (150 kDa)

mAb

100-mer

10-mer

Aspirin

Test ON samples: poly dT of 10 or 100 nucleotide units

Ultra-short columns for ONs
10 to 40-mer ONs

3 to 12 kDa

35 < S < 105

Lcol÷3

Lcol÷10

40

150 mm
0.25 mL/min

50 mm
0.25 mL/min

5 mm
0.25 mL/min

20

10

30
150 mm
0.25 mL/min

50 mm
0.5 mL/min

5 mm
1 mL/min

Gradient: 5-25 %MeOH

Temperature: 60 C

Injection: 1 µL

nC=54

nC=56

nC=38
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Pressure enhanced LC of ONs

Pressure enhanced LC setup

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

Sample: dT40, dT60, dT80, dT100 @ 450 bar pressure step
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Orthogonality between modes for ONs

Orthogonality between modes for ONs

❑ No orthogonality seen for a poly-dT DNA

ladder – need to use real samples !

❑ HILIC showed highest orthogonality vs. IP-RP

and AEX for synthetic oligonucleotides

❑ IP-RP provided highest resolving power

among the three methods
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2D-LC of ONs

2D-LC of ONs

2D-LC resulted in increased peak

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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Micro-flow SEC

150 x 4.6mm 150 x 2.1mm

Rituximab Etanercept

150 x 2.1 mm

Micro-flow SEC-MS

1mm SEC column

D < 15 µL/min
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Micro-flow SEC-MS

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

structures

❑ Low flow rates (≤ 15 μL/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

Classical

flow

Micro-flow

Recycling SEC
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Recycling SEC

Two twin SEC columns of 

150 x 4.6 mm

APRLC simulates the use of 

very long columns by 

transferring a targeted 

separation zone from one 

the second column

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
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SEC-CDMS

❑ SEC-CDMS method (with MS friendly mobile phase) was

developed to separate β-galactosidase (466 kDa) and transferrin

(80 kDa)

❑ The method was then applied to AGP and etanercept (highly

glycosilated species)

Homodimers separation of bsAbs
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Homodimers separation of bsAbs

4D-LC of mAbs
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4D-LC of mAbs

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 μL/min (heart-cut peak) and 300 μL/min (enzyme-buffer blend) flows. 

The blend is mixed horizontally using a 10 μL 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. 

In-loop deglycosylation

In-loop trypsine digestion

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

Analytical / functional testing of mAbs
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Analytical / functional testing of mAbs

FcγRIIIa affinity chromatograms of charge 

variants by 2D-LC (CEX × FcγRIIIa) 

analysis

Evaluation of ADCC effector

function (affinity to the Fc

receptor)

Affinity chromatography – functional testing

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 IgG binding properties of the scC1q 

column to cell-based assays of complement activation

FcγIIIa, FcRn and C1Q affinity columns are now

available from Roche (expensive !)

A4F-MS
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A4F-MS

AF4-UV-MALS 

fractograms of L-

asparaginase, a 

tetrameric enzyme of 

140 kDa used to treat

cancer

AF4–nMS of unstressed ASNase (monomeric, 

tetrameric and octameric species are investigated)

Lab of the future: automation
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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 

then loaded into the LC-MS 

instrumentation (Orbitrap

Exploris 480)

for data acquisition

Innovative chromatographic

approaches for AAVs and mRNA
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Review on LC of AAVs

Review on AAVs

Micro-flow LC for AAVs
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Micro-flow LC-MS/MS for AAV2 capsid protein

Column of 0.3 x 150 mm, 2.6 µm @ 5 µL/min

Low sample consumption, high sensitivity

100% sequence coverage, more than 30 PTMs identified !

Trends: micro or nano Flow LC for 

biopharmaceuticals

characterization

2D-LC of AAVs

2D-LC for AAVs
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2D-LC of AAVs

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).

Review on LC of mRNA

Review on mRNA
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mRNA poly(A) tail length and heterogeneity

mRNA poly(A) tail length and heterogeneity

• Average length measured with SEC

• Heterogeneity was measured with IP-RPLC (resolution up to 150 bp)

• SEC and IP-RPLC results were in good agreement
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Ultra-wide pore SEC columns for mRNA

SEC for very large species

Ultra-wide pore SEC columns for mRNA

2.5 µm, 1300 Å

Low adsorption column

hardware

Comparison of 2 mRNA samples
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Merci de votre attention !
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