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Glycosylation of monoclonal antibodies (mAb) can have impacts on it’s biological 

activity and immunogenicity. Due to the importance of mAb as therapeutic 

agents, there is a growing demand for monitoring the carbohydrate structures 

attached to mAb. For enhanced separation efficiency, higher resolution, shorter 

run times, minimal sample/solvent consumption and flexibility, capillary 

electrophoresis (CE) has an enormous potential for the analysis of 

biopharmaceuticals. Further, there is growing interest in exploring CE coupled to 

mass spectrometry (MS) for the higher sensitivity and better compound 

identification with accurate mass measurements. Improvements in CE technology 

have made CE-MS a widely used tool for protein characterization. In the present 

work coupling of an Agilent 7100 CE system to an Agilent 6520 Accurate-Mass Q-

TOF was achieved with a coaxial sheath liquid interface. The CE-MS setup 

equipped with electrospray source and orthogonal sprayer which reduces the risk 

contamination and improves the MS source cleanness. We have analyzed the 

glycopeptides of a mAb using this CE-MS setup. A tryptic digest of the mAb was 

subjected to CE-MS analysis and the glycopeptides were assigned using accurate 

mass measurement. Further, CE-MS/MS analysis was performed to search for 

diagnostic oxonium ions generated from a glycan moiety to identify the 

glycopeptides. The CE-MS platform, combined with the powerful data processing 

capabilities of Agilent MassHunter and BioConfirm software, enabled 

identification of the glycan modification attached to mAb complex. 
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The mAb was lyophilized, reconstituted in ammonium bicarbonate containing TFE 

and DTT and then incubated at 950C for 20 min. To this solution, IAA was added and 

incubated at room temperature in the dark for 60 min. The solution was adjusted to 

pH 7-8 and trypsin digestion (20:1) was performed overnight incubating at 37°C. The 

samples were either immediately analyzed by CE-MS or stored at -20°C until use. 

CE-MS sheath liquid interface 
•  Dual electrospray source and Orthogonal coaxial sheath liquid interface 
•  CE-MS interface via CE-MS adapter kit & sprayer Kit  
•  Sheath liquid through isocratic pump  
         -  equipped with a 1:100 flow splitter  
         -  mainly serves as electrical connect the CE outlet to ground  potential at                     
             the sprayer  
         -  ensures application of maximum voltage  across the capillary with stable  
             electrospray  

Recommendations for CE-MS 
measurements 
 

•  Adjust height of capillary inlet  
    and MS spray tip to avoid  
    siphoning effects 
 

•  Avoid or reduce non-volatile  
    buffer components to increase  
    sensitivity 
 

•  Optimize constant flow rates 
 

•  Use ground potential at outlet to  
    simplify connection to ESI  
    voltages 

Equipments 
• Agilent Capillary Electrophoresis system (G7100) 
• Agilent CE-MS Adapter Kit (G1603A) 
• Agilent CE-ESI-MS Sprayer Kit (G1607A) 
• Agilent 1200 series isocratic HPLC pump (automated sheath liquid delivery) 
• Agilent 6520 Accurate-Mass Q-TOF with API Dual Electrospray Source 
• Agilent ChemStation and MassHunter software packages 
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-5.67659.349659.3453A(448-454)Heavy Chain

-2.921872.91461872.9091A(401-417)Heavy Chain

-5.262543.12412543.1107A(379-400)Heavy Chain

-8.986839.11586839.0544A(369-417)Heavy Chain

-2.091160.62231160.6199A(369-378)Heavy Chain

-2.09604.3068604.3055A(364-368)Heavy Chain

-2.571285.66671285.6634A(353-363)Heavy Chain

-6.08456.2445456.2417A(349-352)Heavy Chain

-5.6447.2693447.2668A(343-346)Heavy Chain

-2.21871.96291871.9588A(353-368)Heavy Chain

-1837.496837.4952A(335-342)Heavy Chain

-5.89446.2489446.2463A(331-334)Heavy Chain

-5.16306.1362306.1346A(329-330)Heavy Chain

-4.59438.2115438.2094A(326-328)Heavy Chain

-6.092633.03862633.0226A(301-309)Heavy Chain

-6.772795.09142795.0725A(301-309)Heavy Chain

-6.712957.14432957.1244A(301-309)Heavy Chain

-2.491806.99921806.9947A(310-325)Heavy Chain

-8.22500.3071500.303A(297-300)Heavy Chain

-1.581676.79471676.7921A(283-296)Heavy Chain

-1.992138.02022138.0159A(264-282)Heavy Chain

-2.02834.4269834.4253A(257-263)Heavy Chain

-3.752843.45032843.4396A(231-256)Heavy Chain

-6.37508.1952508.1919A(227-230)Heavy Chain

-1.84599.3643599.3632A(222-226)Heavy Chain

-4.7360.2009360.1992A(219-221)Heavy Chain

-1.81320.67081320.6684A(142-155)Heavy Chain

-1.091185.63941185.6381A(130-141)Heavy Chain

-4.222375.14682375.1367A(107-129)Heavy Chain

-6.272531.24792531.232A(106-129)Heavy Chain

-0.92714.4024714.4018A(99-105)Heavy Chain

-3.491317.59111317.5865A(88-98)Heavy Chain

-2.81324.68091324.6772A(77-87)Heavy Chain

-7.84462.2074462.2038A(73-76)Heavy Chain

-4.09622.3439622.3413A(68-72)Heavy Chain

0.211066.54071066.5409A(68-76)Heavy Chain

-4.15835.4664835.463A(66-72)Heavy Chain

-4.872233.05392233.043A(44-65)Heavy Chain

-5.422927.44142927.4255A(39-67)Heavy Chain

8.752126.95542126.974A(20-38)Heavy Chain

5.023988.99283989.0128A(1-38)Heavy Chain

-21880.0481880.0442A(1-19)Heavy Chain

Match 

Difference 

(ppm)

Target 

Sequence 

Mass

Mass (Da)Label 
Sequence  

Name

-5.67659.349659.3453A(448-454)Heavy Chain

-2.921872.91461872.9091A(401-417)Heavy Chain

-5.262543.12412543.1107A(379-400)Heavy Chain

-8.986839.11586839.0544A(369-417)Heavy Chain

-2.091160.62231160.6199A(369-378)Heavy Chain

-2.09604.3068604.3055A(364-368)Heavy Chain

-2.571285.66671285.6634A(353-363)Heavy Chain

-6.08456.2445456.2417A(349-352)Heavy Chain

-5.6447.2693447.2668A(343-346)Heavy Chain

-2.21871.96291871.9588A(353-368)Heavy Chain

-1837.496837.4952A(335-342)Heavy Chain

-5.89446.2489446.2463A(331-334)Heavy Chain

-5.16306.1362306.1346A(329-330)Heavy Chain

-4.59438.2115438.2094A(326-328)Heavy Chain

-6.092633.03862633.0226A(301-309)Heavy Chain

-6.772795.09142795.0725A(301-309)Heavy Chain

-6.712957.14432957.1244A(301-309)Heavy Chain

-2.491806.99921806.9947A(310-325)Heavy Chain

-8.22500.3071500.303A(297-300)Heavy Chain

-1.581676.79471676.7921A(283-296)Heavy Chain

-1.992138.02022138.0159A(264-282)Heavy Chain

-2.02834.4269834.4253A(257-263)Heavy Chain

-3.752843.45032843.4396A(231-256)Heavy Chain

-6.37508.1952508.1919A(227-230)Heavy Chain

-1.84599.3643599.3632A(222-226)Heavy Chain

-4.7360.2009360.1992A(219-221)Heavy Chain

-1.81320.67081320.6684A(142-155)Heavy Chain

-1.091185.63941185.6381A(130-141)Heavy Chain

-4.222375.14682375.1367A(107-129)Heavy Chain

-6.272531.24792531.232A(106-129)Heavy Chain

-0.92714.4024714.4018A(99-105)Heavy Chain

-3.491317.59111317.5865A(88-98)Heavy Chain

-2.81324.68091324.6772A(77-87)Heavy Chain

-7.84462.2074462.2038A(73-76)Heavy Chain

-4.09622.3439622.3413A(68-72)Heavy Chain

0.211066.54071066.5409A(68-76)Heavy Chain

-4.15835.4664835.463A(66-72)Heavy Chain

-4.872233.05392233.043A(44-65)Heavy Chain

-5.422927.44142927.4255A(39-67)Heavy Chain

8.752126.95542126.974A(20-38)Heavy Chain

5.023988.99283989.0128A(1-38)Heavy Chain

-21880.0481880.0442A(1-19)Heavy Chain

-5.4364.1053364.1033A(216-218)Light Chain

-5.71522.255522.2521A(212-215)Light Chain

-2.121874.91971874.9157A(195-211)Light Chain

-0.492140.07352140.0725A(193-211)Light Chain

-1.97624.2755624.2743A(188-192)Light Chain

-3.281501.75121501.7463A(174-187)Light Chain

-4.112134.96152134.9527A(154-173)Light Chain
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Code Oligosaccharide structure Average Mass Comments

GOF 1445.35 Major form found in this 

mAb

G1F 1607.49 Minor form found in this 

mAb

G2F 1769.64 Small amount found in 

this mAb

Galactose Mannose Fucose N-acetylglucosamine

Peptide Mapping 
The peptide masses 
obtained for the light and 
heavy chains were then 
matched with the 
theoretical digest using a 
10 ppm error. 

MassHunter BioConfirm   
Matched glycopeptides are highlighted with arrow 

N-linked Glycans present on this mAb 

MS/MS spectrum of peptide (44-65) 
 

Peptide (GLEWVSAISGSGGSTYYADSVK) with  
b and y ion assignments 

CE-MS/MS of Glycopeptide 
Product ion spectrum of EEQYNSTYR with the assigned 
fragment structures 

 

Base peak electropherogram (BPE) 
Electrophoretic resolution of a BPE of trypsin 
digested mAb 

Extracted ion electropherogram (EIE) 
Presence of glycopeptide was confirmed with intense 
diagnostic sugar oxonium fragment ions 

CE-MS spectrum of the glycopeptide 

•  An Integrated Solution for CE-ESI-MS, Agilent Technologies publication number 12- 
    5968-1328E 
•  Maria Serwe, Christine Miller, Analysis of peptides using CE/MS/MS, Agilent  
    Technologies publication number 5988-1426EN 
•  Ravindra Gudihal  and Keith Waddell,  Glycopeptide and glycan analysis of    
    monoclonal antibodies using a microfluidic-based HPLC-Chip coupled to an Agilent  
    Accurate-Mass Q-TOF LC/MS, Agilent Technologies publication number 5990-5190EN 

 

References Conclusions 
•  CE-MS demonstration of rapid and sensitive characterization of an mAb peptides at  
    low pmole levels.  
•  CE-MS/MS confirmation of a glycan moiety was made on the basis of the m/z 204  
    fragment. 
•  The flexible CE technology in combination with a Q-TOF is a valuable tool for  
     studying glycoproteins. 
•  The combination of CE with Q-TOF MS is a valuable tool for peptide mapping of  
     small quantity biopharmaceuticals. 

Instrumentation:  CE-MS Setup 

CE-MS conditions

Capillary Electrophoresis 
CE: 7100 CE 
Sample:  mAb digest 
Injection:  10s @50 mbar (~ 0.4pmoles)
Capillary:  PVA, total length 60 cm, 50 μm ID 
Buffer:  2% acetic acid 
Voltage:  27 kV  
Extr. pressure: 10mbar 
Temperature:  20°C 

Mass Spectrometry  
MS:  6520 Q-TOF 
Ionization/Acquisition:  Dual ESI, 300-3200 m/z 
Sheath liquid:  0.5 % acetic acid in 50 % MeOH
Sheath liquid flow: 4 μL/min 
Drying gas flow:  5 L/min 
Nebulizer:  10 psi  
Drying gas temp:  150 °C  
Fragmentor:  175 V 
Vcap:   3500 V 
Accu time:  333.3 ms/spectrum
Accu rate:  3 spectra/s 
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