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Common IEF-based Charge Variants Analysis Techniques

http://www.bioprocessintl.com/analytical/produ
ct-characterization/imaged-capillary-isoelectric-
focusing-for-charge-variant-analysis-of-
biopharmaceuticals-323451/

Figure courtesy of Antibody Solutions. 
www.antibody.com

Isoelectric Focusing Gel Imaged Capillary Isoelectric Focusing 

http://www.antibody.com/
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1000 1500 2000 2500 3000

4x10

0

1

2920 2940

B1

B2

M

A1

A2

c

Bevacizumab cIEF-MS and icIEF-UV results 

2018. Analytical Chemistry. Jun Dai, et al. CIEF-MS Method for the Separation and Online Characterization 
of Intact Monoclonal Antibody Charge Variants.

iCIEF-UV

CIEF-MS
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Fully automated cIEF-MS for IgG charge variants analysis

https://pubs.acs.org/doi/abs/10.1021/acs.analchem.7b04608

https://pubs.acs.org/doi/abs/10.1021/acs.analchem.7b04608
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Electrokinetically pumped sheath-flow nanospray
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CMP Scientific EMASS-II CE-MS Technology
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CMP EMASS-II ion source for Agilent mass specs
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Agilent 7100 - CMP EMASS-II – Agilent 6545 Q-TOF
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EMASS-II CE-MS Technology On Agilent MS
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Schematic flow of the fully automated cIEF-MS method

2018. Analytical Chemistry. Jun Dai, et al. CIEF-MS Method for the Separation and Online Characterization 
of Intact Monoclonal Antibody Charge Variants.

Solution Components

Sheath liquid 20% acetic acid, 20% acetonitrile

Catholyte 0.2 N NH4OH, 15% glycerol

Sample solution 1-1.5% Pharmalyte®, 15% glycerol

Anolyte 1% formic acid, 15% glycerol
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MS spectra of proteins in the presence of ampholyte

2018. Analytical Chemistry. Jun Dai, et al. CIEF-MS Method for the Separation and Online Characterization 
of Intact Monoclonal Antibody Charge Variants.
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Counts vs. Mass-to-Charge (m/z)
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Sheath solution optimization for cIEF-MS

2018. Analytical Chemistry. Jun Dai, et al. CIEF-MS Method for the Separation and Online Characterization 
of Intact Monoclonal Antibody Charge Variants.

0.5% FA, 50% MeOH

0.5% FA, 50% AcN

Myoglobin

(17 kDa)
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Counts vs. Mass-to-Charge (m/z)
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Sheath solution optimization for IgG cIEF-MS analysis

2018. Analytical Chemistry. Jun Dai, et al. CIEF-MS Method for the Separation and Online Characterization 
of Intact Monoclonal Antibody Charge Variants.

0.5% formic acid, 50% acetonitrile

20% acetic acid, 25% acetonitrile
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Glycerol is important for focusing and optimal resolution
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2018. Analytical Chemistry. Jun Dai, et al. CIEF-MS Method for the Separation and Online Characterization 
of Intact Monoclonal Antibody Charge Variants.
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cIEF-MS on a 100 cm PS1 capillary
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cIEF-MS and icIEF analysis of mAb molecules
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Trastuzumab cIEF-MS analysis in comparison with icIEF-UV

2018. Analytical Chemistry. Jun Dai, et al. CIEF-MS Method for the Separation and Online Characterization 
of Intact Monoclonal Antibody Charge Variants.
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2018. Analytical Chemistry. Jun Dai, et al. CIEF-MS Method for the Separation and Online Characterization 
of Intact Monoclonal Antibody Charge Variants.

Infliximab cIEF-MS analysis in comparison with icIEF-UV

m/z 2,960-3,200

iCIEF-UV

CIEF-MS
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Cetuximab cIEF-MS analysis in comparison with icIEF-UV

2018. Analytical Chemistry. Jun Dai, et al. CIEF-MS Method for the Separation and Online Characterization 
of Intact Monoclonal Antibody Charge Variants.
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cIEF-MS analysis of Daratumumab
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cIEF-MS analysis of Daratumumab
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cIEF-MS analysis of Daratumumab

TIE

EIE (2,500-3,500)

CytoC (pI 10.3)
Daratumumab

Daratumumab
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A1

M

B1: 148,016.83 Da (PyroE) 
M: 148,035.75 Da;
A1: 148,036.11 Da; (Potential deamidation)
A2: 148,201.73 Da; (Potential glycation and deamidation)

B1 A2

cIEF-MS analysis of Daratumumab
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IgG Subunits Analysis (CZE-MS): Low Carryover
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Reduced IdeS digest of NISTmAb

Fc/2

LC
Fd’

Fc/2

Light chain

Fd’

1 – Fc/2;

2 – Light chain;

3 – Fd’
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IgG Intact Mass Analysis: On-line Desalting
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1
2

3

1 – Salt;
2 – Salt;
3 – Pembrolizumab

MW = 148,892 Da

Intact mass analysis of Pembrolizumab
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Immunoaffinity Capture - CE-MS: Preclinical ADME
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Which Fc-fusion constructs are more stable in vivo? 

A

B

Mice dosed with Fc-protein WT

8h 24h 48h 72h 96h1h

Immunoaffinity  capture

Fc – Linker – Fc-protein WT 

Fc – Linker –

Protein

Protein Fc-protein RG mutation

8h 24h 48h 72h 96h1h Post-dosing
Serum

Mice dosed with Fc-protein RG mutation

Immunoaffinity  capture

CE-MS CE-MS

Fc

Courtesy of Amgen Inc. South San Francisco PKDM group.
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CE-MS results of Fc-fusion WT PK samples
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CE-MS results of Fc-fusion protein WT PK samples
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Courtesy of Amgen Inc. South San Francisco PKDM group.
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Identified species in Fc-protein WT PK samples
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Courtesy of Amgen Inc. South San Francisco PKDM group.
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Courtesy of Amgen Inc. South San Francisco PKDM group.
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Courtesy of Amgen Inc. South San Francisco PKDM group.
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Peptide Mapping of ADCs
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EMASS-II CE-MS Technology Enhances Peptide Mapping

2017. Analytical Chemistry. Oluwatosin Dada, et al. High-Resolution Capillary Zone Electrophoresis with Mass 
Spectrometry Peptide Mapping of Therapeutic Proteins: Peptide Recovery and Post-translational Modification 
Analysis in Monoclonal Antibodies and Antibody–Drug Conjugates
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Other Applications

Q: Why is the interface so important?

A: Before this interface, it was very difficult to interface capillary electrophoresis and mass 
spectrometry. We think capillary electrophoresis is an excellent way to perform separations, 
but until we had a CE-MS interface that worked, we were unable to do these types of 
experiments.

http://www.labmanager.com/ask-the-expert/2017/09/developments-in-capillary-electrophoresis-mass-spec-ce-ms-
#.W0V6ddJKiF4

http://www.labmanager.com/ask-the-expert/2017/09/developments-in-capillary-electrophoresis-mass-spec-ce-ms-#.W0V6ddJKiF4
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Summary: Agilent-CMP CE-MS Workflow

cIEF-MS

IgG Subunits

Intact Mass

EMASS-II Ion Source

Integral System
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