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Introduction
■ Coupling icIEF (Imaged Capillary Isoelectric Focusing), an established technique for the

analysis of charge variants of monoclonal antibodies, with MS (Mass Spectrometry) enables

in-depth structural characterization. icIEF-MS therefore makes an important contribution to

the evaluation of the product characteristics of biologics. [1]

■ The general suitability of a procedure in which analytical icIEF methods are converted into a

preparative method by increasing the sample concentration and adding 20 mM L-arginine

as a cathodic spacer was tested with Matuzumab and Infliximab (IgG1 each) [2], [3]. After

chemical mobilization and fraction collection, the identity of the Matuzumab fractions was

determined by fluorescence measurement and reinjection of the protein-containing

fractions, using the previously developed analytical icIEF method. [4]

■ Mass spectrometry was subsequently performed. Chemical mobilization should prevent the

transfer of icIEF reagents such as urea or methylcellulose into the fractions to a significant

extent and is a different approach to other icIEF-MS concepts, e.g. based on the

development of MS-compatible icIEF methods. [1]

Results
Comparison between analytical and preparative icIEF separation

Conclusion and Outlook
• Transfer of analytical icIEF methods with common icIEF reagents to

the preparative mode, demonstrated for Matuzumab and Infliximab,

is easy to implement.

• The general suitability of preparative icIEF with MS offline coupling

was demonstrated using Matuzumab.

• The preliminary results with Infliximab showed that the required

sample concentration needs to be investigated in more detail.

• Selectivity, analysis time, reproducibility and sensitivity will be

optimized in the future.

Methods
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Figure 3

The same Matuzumab sample was separated (preparative mode) three times and collected each time in a 

new plate with fresh mobilizer solution. Several fractions of the three fractionations were each verified in 

triplicate using analytical icIEF (only one of three runs is shown).

Identical number of peaks and 
visually comparable peak 
profile of analytical and 

preparative icIEF

Preparative separation of 
Matuzumab: 50 minutes

The entire process 
(separation & fractionation) 
requires approx. 2.5 hours. 

Verification of a threefold 
repetition of a fractionation of 

matuzumab showed a 
recovery of the main isoforms 
with comparable peak profiles 

and positions per fraction.

Verification of fractions by 
analytical icIEF: 1-2 days 

depending on the number of 
fractions & repetitions of 

icIEF measurement

Verification experiments of the fractions
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Mass spectra of Matuzumab 
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Figure 1 

Electropherogramms of  

Matuzumab: analytical 

iciEF (left), preparative 

icIEF (right) 

Figure 2  

Electropherogramms of  

Infliximab: analytical 

iciEF (left), preparative 

icIEF (right) 

Figure 6: Legend for 

MS spectra labels: 

Lysine variants

N-glycanN-glycan N-glycanN-glycan N-glycanN-glycan

K0 K1 K2

Fractionation of Matuzumab

• Chemical Mobilisation: 1000 V, 25.0 min, 5 mmol/l ammonium acetate, fraction colllection: 
1000 V, 45.0 sec per fraction, in 5 mmol/l ammonium acetate, no refocusing

Verification experiments

• Identical icIEF analytical separation conditions (voltage programm and sample reagents) 

• Concentration of the reference (non-fractionated Matuzumab): 0.05 mg/ml

• 1:5 dilution of the re-injected samples from fractionation

• Detection: native fluorescence, 100 sec exposure time

Sample conposition analytical icIEF

0.2 mg/ml Matuzumab 0.2 mg/ml Infliximab

Urea 2 mol/l Urea 3 mol/l

0.35 % MC 0.35 % MC

Pharmalyte 5-8 2 % Pharmalyte 5-8 3 % 

Pharmalyte 8-10,5 2 % Pharmalyte 3-10 1 % 

pI-marker 9.5 & 6.14 2 % each pI marker 8.40 & 6.14 1 % each 

Ultrapure water 0.055 µS/cm

Instrumental parameters Analytical icIEF Preparative icIEF

Instrument MauriceFlex™, ProteinSimple, Bio-Techne (San Jose, CA, USA) 

Injection 55.0 s, by vacuum 20.0 sec, by vacuum

Automatic calibration with fluorescence calibration standard before sample measurements

Temperature controll cooled at around 10 °C (default settings)

Cartridge and capillary 

dimensions:

Maurice icIEF cartridge (capillary length: 

50 mm, 100 µm id × 200 µm od, fused 
silica coated with fluorocarbon)

Maurice Flex icIEF fractionation cartridge 

(capillary length: 50 mm, 320 µm id, 
fused silica coated with fluorocarbon)

Detection: Fluorescence 10 sec  exposure time 280 nm Exz. 320-

450 nm Em.

0.2 sec exposure time 280 nm Exz. 320-

450 nm Em

Voltage programm

(aInfliximab & bMatuzumab) 

a1.0 min 1500 V, 12.0 min 3000 V
B1.0 min 1500 V, 11.0 min 3000 V

a10.0 min 500 V, 10.0 min 1000 V, 35.0 

min 1500 V
b10.0 min 500 V, 10.0 min 1000 V, 30.0 

min 2000 V

Anolyte 80 mmol/l phosphoric acid in 0.1% MC

Catholyte 100 mmol/l NaOH in 0.1% MC 

Data Evaluation Compass for iCE 4.0.0 and 4.0.1

Modification of sample 

composition:

• Addition of L-arginin 

(20 mmol/l)

• Increased antibody 

concentration:

0.8 mg/ml Infliximab & 

1.2 mg/ml Matuzumab

Preparative icIEF 

Final concentrations are given, % in (v/v) MC (Methylcellulose), pI (isoelectric point)
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Deconvoluted mass spectra

of intact mAb

mass range: 147,500 – 151,000 m/z
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Figure 4: Mass spectra Matuzumab 

non-fractionated (top) & Matuzumab fractions after preparative icIEF (below)

Figure 5: Legend for 

MS spectra labels: 

Labeling of N-glycan 

structures

Sample:

concentration for 

LC-MS: 0.2 mg/mL 

(diluted with H2O); 

inj. volume: 

2 µL ->0.4 µg on 

column


