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Agenda

Background and introduction

Generic cIEF method description

A typical Mab profile

Lysine variants confirmation

pI linearitypI linearity

Quantitation:  precision

Predictable pI (from theory)

Sensitive measure of  consistency

Sensitive process development tool

Critical protein component evaluation



Isoelectric Point (pI) is

An unique attribute of a protein

Charge profile useful as a fingerprint

Useful for protein characterizationUseful for protein characterization

Important, meaningful and useful measure for 
Identity 

Purity

Purification, cell culture process development



Methods to monitor protein charge

Gel IEF

Cation exchange chromatographyCation exchange chromatography

cIEF

Imaged cIEF



Imaged cIEF Method



Advantage of Imaged cIEF Method

Gel IEF, cation exchange chromatography and cIEF are used for 
monitoring protein or antibody charge heterogeneity.   cIEF has the 
time saving advantage comparing to slab gel IEF method, and it has 
time saving advantage in method qualification compared to cation 
exchange chromatography.exchange chromatography.

Imaged cIEF has the advantage, compared to the regular cIEF 
method, that all the peaks of the product (protein or antibody) are 
visualized and detected to avoid any cIEF pattern change due to 
mobilization.

cIEF can provide quantitation of both pI and composition.



Generic cIEF Method as used 

4% pharmalyte 3-10

0.35% methyl cellulose (minimize endo-osmotic flow)

Two pI markers (4.4, 9.5) for calibration

Antibody final concentration:  0.05 to 0.5mg/mLAntibody final concentration:  0.05 to 0.5mg/mL

Focusing 1min at 1500V, and 6min at 3000V

Detection:   UV 280nm



A typical antibody cIEF profile

9.5

pI Std 4.4
pI Std 9.5



Identity of antibody Lysine Variants



Cation-Exchange Chromatography



Regular cIEF Application



Evaluation of imaged cIEF method pI linearity using  
BioRad pI standards

Biorad value Experimental Accuracy (%)

--------------------------------------------------------------------------------------

6.50 6.55 100.8

7.00 7.05 100.77.00 7.05 100.7

7.40 7.23 97.7

7.70 7.57 98.3

8.40 8.13 96.8

8.60 8.60 100.0



Evaluation of imaged cIEF method pI linearity using  
BioRad pI standards (continued)

y = 0.9141x + 0.5744
r = 0.99
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Main Peak Concentration Response

y = 27674x + 5209
r = 0.997
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Method is quantitative
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Theoretical pI

Calculation of pI from Mab protein sequence

Assumption: No interaction among charge groups

In reality, pKa can change dramatically depending In reality, pKa can change dramatically depending 
on neighboring AA



Mabs spanning a wide range of pI



Correlation of theoretical pI to measured pI 
of Mabs

y = 1.8041x - 5.6194

R2 = 0.9552
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cIEF is a sensitive measure of process 
consistency



cIEF is a good quality measure for 
purification process development

Purification condition 1pI Std 4.4 pI Std 9.5

Purification Condition 2

Purification Condition 3

Purification Condition 4

pI Std 5.3



cIEF is a sensitive  measure of product 
quality



cIEF is an excellent  product signature

pI Std 4.4

Protein X

From vendor 1
pI Std 4.4

pI Std 9.5

Protein X

From vendor 2



cIEF is an excellent product signature



Conclusion

The imaged cIEF analytical method is useful as a generic 
method to characterize monoclonal antibodies.

cIEF is useful in Mab process development.

cIEF is useful in establishing protein purity and identity.


