
icIEF as Analytical Tool for Recombinant Protein 
Charge Heterogeneity Analysis: From 

Development to Quality Control

Zoran Sosic
Analytical Development

Biogen Idec

Technical Seminar 
CE in the BIOTECHNOLOGY & PHARMACEUTICAL CE in the BIOTECHNOLOGY & PHARMACEUTICAL 

INDUSTRIES 2008INDUSTRIES 2008



OutlineOutline

• Charge heterogeneity purity assay by icIEF (background 
information)

• Comparison to ion-exchange chromatography/IEF

• Applications of icIEF in biopharmaceutical development 
(recombinant proteins)

-in process testing (process consistency, critical products 
attributes)

-support for formulation studies
-GMP DS/DP product and stability release

(fast, robust, simple methods needed)
-use for identity testing in GMP environment

• Example of assay acceptance and system suitability criteria

• Conclusions



icIEFicIEF as tool for charge heterogeneity analysisas tool for charge heterogeneity analysis

•Monitoring, quantitative analysis and characterization of the charge 
heterogeneity of recombinant proteins is an important part of 
biopharmaceutical product development

•Various modifications in a protein structure, such as deamidation, 
amino acid substitution/deletion, differential glycosylation, glycation, 
etc., can constitute the sources of charge heterogeneity 

• 4 programs in clinical stage supported by icIEF for charge 
heterogeneity purity/identity analysis (additional 3 are currently in 
development or transfer to QC labs is on-going)



iCE280 System for charge heterogeneity iCE280 System for charge heterogeneity 
analysisanalysis



WholeWhole --Column DetectionColumn Detection cIEFcIEF

• Accelerated method development 

• Short sample analysis time (10-15 minutes)

• More reproducible charge-based separation pattern

• Sample throughput is up to 6 sample per hour



Ion exchange chromatographyIon exchange chromatography vs icIEFvs icIEF
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-fully glycosylated fusion
recombinant protein (blue trace)

-deglycosylated fusion 
recombinant protein (red trace)

IEC vs icIEF

0.6 mg/mL, 4% 3-10 Pharmalyte, 
4 M urea, 0.35% methyl cellulose

pI markers 5.85 and 9.46



IEFIEF vs icIEFvs icIEF
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0.7 mg/mL, 4% 5-8 Pharmalyte, 0.35% methylcelulose,
pI markers (5.12 and 7.40)



Comparison of IECComparison of IEC vs icIEFvs icIEF for monoclonal for monoclonal 
antibodyantibody
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A)

B)
0.3 mg/mL monoclonal antibody IgG1
2% 3-10 Pharmalyte, 2% 8-10.5 Pharmalyte (1:1 ratio)
3 M Urea

Dionex ProPac-10, 4.6 x 250 mm column with 1 mL/min flow and a linear gradient of buffer A
(10 mM Sodium Phosphate, pH 6.6), buffer B (10 mM Sodium Phosphate, 200 mM NaCl, pH 6.6) and buffer C 
(10 mM Sodium Phosphate, 1 M NaCl, pH 6.6) 



Correlation of IEC fractions with their analysis Correlation of IEC fractions with their analysis 
byby icIEFicIEF
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Linearity for lowLinearity for low pIpI (acidic), main peak(acidic), main peak
isoformsisoforms byby icIEFicIEF
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• linearity is part of method qualification prior to transfer to QC lab



Analysis of accelerated temperatureAnalysis of accelerated temperature --stressed stressed 
samples by IECsamples by IEC vs icIEFvs icIEF
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A) 40 oC (two months)

B) 25 oC (two months)

C) control 2-8

Support for formulation
studies:



Analysis of accelerated temperatureAnalysis of accelerated temperature --stressed stressed 
by IECby IEC vs icIEFvs icIEF

Sample CIEX icIEF 
Temperature Acidic Main Basic Acidic Main Basic 

2-8 oC 23.0% 70.0% 7.0% 25.3% 68.9% 5.8% 
25 oC 27.0% 66.0% 7.0% 31.5% 61.7% 6.9% 
40 oC 41.0% 53.0% 6.0% 42.2% 51.9% 6.0% 

 



 

Day 1 Day 2 Day 3 
Sample 

Analyst 1 Analyst 2 Analyst 3 
Average  % RSD 

n 6 5 3 --- --- 

% Acidic 24.2 24.4 25.1 24.6 1.9 

% Main 69.7 70.2 69.0 69.6 0.9 

% Basic 6.1 4.5 6.1 5.6 16.6 

Main pI 8.18 8.16 8.17 8.17 0.1 

Main acidic pI 8.03 8.00 8.01 8.01 0.2 

Intermediate precisionIntermediate precision
(three different analysts, two different iCE280 instruments)   (three different analysts, two different iCE280 instruments)   

• reagent (Pharmalyte/methylcellulose lot-to-lot) and capillary (lot-to-lot) precision
showed comparable results



ESIESI--qq--TOF MS peak identification TOF MS peak identification 

Mass reconstruction of +TOF MS: 10.666 to 11.166 min from Sample 10 (Tweak IEC main red) of ... Max. 9688.1 cps.
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Mass reconstruction of +TOF MS: 10.666 to 11.166 min from Sample 10 (Tweak IEC main red) of ... Max. 9688.1 cps.
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Mass reconstruction of +TOF MS: 10.666 to 11.166 min from Sample 10 (Tweak IEC main red) of ... Max. 9688.1 cps.
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• Analysis of main IEC fraction by ESI-q-TOF MS 

Intact

Deglycosylated

Reduced (light chain)

Reduced (heavy chain)

Deglycosylated, 
Reduced (heavy chain)

* fucosylated asialo biantennary glycans with 0, 1 and 2 galactose molecules (G0, G1, G2)



Comparison of IEC vs iCEIF

CIEX iCIEF

• Well -established method Novel method

• Sample handling

more less

(buffer exchange step) (injection of sample
mix)

• Run time (~80 min) 15 minutes

• Data precision Comparable

• Reported values

Peak area/migration time) (Peak area / pI )

• Peak resolution

better 

• Allows peak identification by collection

No such feature 



icIEFicIEF as an Identity testas an Identity test
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icIEF analysis of seven different recombinant monoclonal antibodies (B-H) 
compared to protein of interest (A, I) under identical icIEF conditions



Examples of system suitability and assay Examples of system suitability and assay 
acceptance criteria foracceptance criteria for icIEFicIEF

SYSTEM SUITABILITY CRITERIA

For the assay blank (protein formulation blank), two pI marker peaks 
must be observed after calibration at pI 7.05 and pI9.50. There must be 

no additional peaks between pI 7.05 and 9.50 

ASSAY ACCEPTANCE CRITERIA

For the assay control, two pI marker peaks at pI 7.05 and 9.50 and three main 
sample peak areas between pI 7.05 and 9.50 must be observed after 

calibration.  There must be no additional peaks between pI 7.05 and 7.5 and 
between pI 9.0 and 9.50 (outside of protein envelope)

• control chart with % acidic, main and basic peaks for 
assay control, as well as pI values  (for monitoring assay performance)



ConclusionsConclusions

• iciEF is easy to use, offers short method development, simple 
sample preparation and short analysis times

• icIEF methodology offers a replacement to IEX and increased 
separation resolution for assessing charge heterogeneity.

• icIEF as a preferable assay for QC lab compared to IEX as a 
release and stability assay for charge heterogeneity 
determination

• icIEF is a suitable tool for identity testing (depends on 
selection of appropriate pI markers)

• Support contract product fill sites requiring fast turnaround for 
protein identity testing
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