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Abstract

This application brief demonstrates to assess the ability of the ACQUITY UPLC H-Class Bio, ACQUITY Arc Bio,
and Alliance liquid chromatography (LC) systems to accurately deliver a quaternary ion exchange
chromatography (IEX) pH gradient calculated using Auto - Blend Plus for reproducible lysine charge variant

determination of a monoclonal antibody (mAb).

Benefits

The Alliance, ACQUITY Arc Bio, and ACQUITY UPLC H-Class Bio systems can effectively deliver quaternary

IEX pH gradients to reproducibly separate lysine charge variants of the mAb infliximab.

Introduction

lon exchange chromatography (IEX) is used in the biopharmaceutical industry as a method of
characterizing protein species by isolating charge variants. This separation method uses salt or pH
gradients (or both) to separate proteins based on differences in charge. These differences in charge can be
a result of protein degradation, conformation, sequence variants, and post-translational modifications

including glycosylation.

One method for IEX separations includes using the Waters Auto - Blend Plus function of the Empower
Chromatography Data Software to generate a salt or pH gradient from a concentrated stock of buffers. The
functionality of Auto - Blend Plus has previously been demonstrated in the Application Note Charge Variant
Analysis of Therapeutic Monoclonal Antibodies Using a pH Gradient Generated by Auto - Blend Plus (
720004906EN <https://www.waters.com/waters/library.htm?cid=511436&lid=134778420&locale=/>). The
method described in this Application Note uses an ACQUITY UltraPerformance Liquid Chromatography
(UPLC) H-Class Bio System to deliver both salt and pH quaternary gradients for the separation of lysine

charge variants of the monoclonal antibody (mAb) infliximab.

Waters recently introduced a biocompatible version of the ACQUITY Arc System. The ACQUITY Arc was
originally launched in 2016, and was designed as a stepping stone in performance between the ACQUITY
UPLC H-Class Bio System and the high performance liquid chromatography (HPLC) Alliance System. The
ACQUITY Arc Bio System uses a titanium and MP35N alloy flow path, making it ideal for highly corrosive

separations under high salt or extreme pH conditions such as those found in IEX chromatography.
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In this study, the ability of the ACQUITY Arc Bio to deliver a pH gradient for the separation of lysine charge
variants of infliximab is compared with the ACQUITY UPLC H-Class Bio and Alliance Systems. Both ACQUITY
systems use a gradient generated with Waters’ Auto - Blend Plus Technology, while the Alliance System

replicates this gradient without the use of Auto - Blend Plus.

Results and Discussion

The Auto - Blend Technology used to generate a pH gradient requires four reservoirs of stock solution:
concentrated acid, concentrated base, concentrated salt, and pure water for dilution. The mobile phases
used, chromatography conditions, the Auto - Blend Plus method, and the resulting gradient method are
given in Table 1. These conditions follow closely with the methods presented in the aforementioned
Application Note with two minor changes: a two minute hold has been introduced before the gradient
initiates to allow the column to better re-equilibrate following the sample injection, and the column re-
equilibration following the pH gradient has been extended to ensure starting mobile phase conditions were

reached for the next injection. Both of these changes resulted in improved retention time reproducibility.



Auto*Blend Plus method

Flow Gradient
Time | rate pH Salt | Salt
(min) | (mL/ PH curve | (mM) | curve | %A | %B | %C | %D
min)
0 0.5 55 40 15.2| 4.8 4 76
2 0.5 6.5 40 9.1 10.9 4 76
17 0.5 1.2 40 4.7 | 15.3 4 76
17.01| 0.5 7.2 500 2.4 176 | 50 30

500
40
40

24 | 176 | 50 30
15.2| 4.8 4 76
15.2| 4.8 g 76

2201 0.5 72
2202 0.5 | 55
50 0.5 | 5.5
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Table 1. Gradient conditions for the pH gradient IEX separation of infliximab lysine charge variants. The column used
was a Protein-Pak Hi Res SP, 4.6 x 100 mm, 7 um Column. 4 mg/mL infliximab was injected at 3 uL and detected at 2
Hz using a TUV set to 280 nm. The column was held at 25 °C and the sample was held at 4 °C. Mobile phase A was
100 mM MES monohydrate. Mobile phase B was 100 mM Na, HPO,. Mobile phase C was 1 M NaCl. Mobile phase D

was Milli-Q water.

Five injections were made on each chromatographic system. The retention time reproducibility of these
five injections is visually depicted in Figure 1. All three systems displayed excellent chromatographic profile
reproducibility over the five mAb injections. The three main lysine variant peaks were used to measure
retention time reproducibility on all three systems (Table 2). The ACQUITY Arc Bio System demonstrated
the lowest retention time standard deviations while the ACQUITY UPLC H-Class Bio System demonstrated
the highest retention time standard deviations for all peaks. The relatively lower retention time
reproducibility of the ACQUITY UPLC H-Class Bio is presumed to be due to a combination of the low column

back-pressure of the separation and the active check-valve design of that LC system.

In order for an analytical method to be transferred between chromatographic systems or labs, the method
needs to be reproducible across the systems in question. In the case of IEX lysine charge variant analysis of
infliximab, the measure of importance is the level of each charge variant present in solution. Relative area
counts of the three lysine charge variant peaks are given in Table Il. The profiles across all three systems
are visually comparable (Figure 1), as are the relative retention times and abundances of the charge variant

peaks. This speaks to the robustness of the chromatographic systems, columns, and methods used.
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Figure 1. Stacked chromatograms of the five 3 uL injections of 4 mg/mL infliximab on the ACQUITY Arc

Bio (panel A), Alliance (panel B), and ACQUITY UPLC H-Class Bio (panel C) chromatography systems.

The three major peaks intersected with the red dashed line were used to measure retention time

reproducibility given in Table Il. The peaks in order from left to right indicate the Lys+0, Lys+1, and

Lys+2 charge variant of infliximab.

Lysine charge variant

Lys +0

Lys +1

Lys +2

Retention

Relative (%)

Retention

Relative (%)

Retention

Relative (%)

LC system time standard time standard time standard
i g ; area g sy ; area o ; area

deviation (min) deviation (min) deviation (min)
AGSET U.PLC 0.030 45.46 0.037 26.25 0.026 28.28

H-Class Bio
ACQUI.TY 0.005 45.32 0.007 25.21 0.003 29.47
Arc Bio

Alliance 0.026 44.56 0.019 | 27.08 0.019 28.35

Table 2. Retention time standard deviation and relative area amounts of the three lysine variant peaks
in the infliximab IEX chromatographic profile (N=5 for all three systems). Green cells indicate the

lowest observed standard deviation while red cells indicate the highest observed standard deviation.



Conclusion

lon exchange chromatography is used in the biopharmaceutical industry as a method of protein variant
analysis. Auto - Blend Plus was used to generate a pH gradient on the ACQUITY systems (ACQUITY UPLC H-
Class Bio and ACQUITY Arc Bio) and replicated on the Alliance System. All three systems exhibited good
retention time reproducibility of the three major lysine variant peaks in the infliximab chromatographic
profile. The ACQUITY Arc Bio achieved the lowest retention time standard deviation. Additionally, relative

lysine variant quantification on all three systems was very comparable.
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