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Conclusion 

 Intact mAb was characterized by LC-MS. The full MS spectrum from 

OrbitrapTM Elite demonstrates a clean distribution of the whole charge 

envelope. For each charge state, four major glycoforms and a few minor 

forms were detected. 

 Deglycosylated and reduced mAb was surveyed with a 5-60% gradient 

online to OrbitrapTM Elite. A mixed spectrum of light and heavy chain was 

acquired. The light chain was effortlessly resolved to baseline at 240,000 

resolution. 

 Multiple fragmentation methods were applied for sequencing tryptic mAb. 

Over 98% of heavy chain and 100% of light chain was sequenced. 

 

Overview  

Purpose: Characterization of a monoclonal antibody using a high-resolution  and 

accurate-measurement mass spectrometer equipped with multiple fragmentation  

techniques. 

Methods: The monoclonal antibody, with or without enzymatic treatment, was 

analyzed by liquid chromatography-mass spectrometry. 

Results: The intact antibody and light chain were characterized; Over 98% of the 

heavy and light chain sequence was covered by the bottom-up approach. 

Introduction 

Monoclonal antibodies (mAbs) have become a promising type of therapeutics for 

biopharmaceutical industry. Thorough characterization of mAbs is needed for 

research and production. Mass spectrometry (MS) with high resolution and 

accurate mass has become an essential analytical tool for mAb structural 

determination. A monoclonal IgG1 kappa antibody, composed of two heavy chains 

and two light chains for a total of 1328 amino acids, is characterized in this study.  

Methods  
The mAb was enzymatically treated before liquid chromatography (LC)-MS 

analyses.  Both intact proteins and peptides eluted from the column were 

analyzed using an OrbitrapTM Elite mass spectrometer. The intact protein was 

directly injected onto a ProSwiftTM RP-10R column (1mm x 5cm) and further 

evaluated by the OrbitrapTM. Aliquot of  mAb was deglycosylated and reduced 

with dithiothreitol before the LC-MS analysis.  For bottom-up approach, the mAb 

was denatured, reduced, alkylated and then digested using trypsin.  Multiple 

fragmentation techniques were applied towards the amino acid sequencing.  LC-

MS spectra of intact or reduced mAb were analyzed using a piece of protein 

deconvolution software (Protein Deconvolution 2.0). The bottom-up data was 

interpreted with Proteome Discoverer 1.3, providing an easy and fast workflow for 

investigating amino acid sequence.  

Results  

Intact mAb Analysis by LC-MS 

Intact mAb was directly injected onto a ProSwiftTM RP-10R column (1mm x 5cm) 

and gradient eluted into the OrbitrapTM Elite. The solvents include aqueous 

solvent as 0.1% FA in water and organic as 0.1% FA in acetonitrile. The full MS 

spectrum below was acquired at 15,000 resolution, with mass range from 1500 to 

3500 m/z. As shown in Figure 1, the spectrum shows a clean distribution of the 

whole charge envelope, in which each peak represents the protein with a different 

amount of charges on it. The peaks are well resolved from each other in this scan 

extracted from a LC-MS run. 

 

 

Reduced Intact mAb Analysis 

The mAb was deglycosylated with PNGase F and then reduced with dithiothreitol. 

The protein mixture was injected onto a ProSwiftTM RP-10R column (1mm x 5cm) 

and gradient eluted into the OrbitrapTM Elite. With a gradient of 5-60% in 6 

minutes, the heavy chain and light were co-eluting into mass spectrometer for 

detection, resulting a mixed spectrum of light and heavy chain as shown in Figure 

5. Spectrum in Figure 5 was acquired at 15,000, the lowest resolution, on 

OrbitrapTM Elite.  

For achieving isotopically resolved spectrum, high resolution was applied on the 

light chain at either 60,000 resolution or 240,000 resolution. In Figure 6, the upper 

panel shows the light at 60,000 resolution (m/z 400) and bottom panel at 240,000 

resolution (m/z 400). The peak at charge state +19, measured at 240,000 

resolution is well resolved to the baseline. 

 

 

FIGURE 5. A mixed spectrum of reduced light and heavy chain. 

FIGURE 8. Sequence coverage of light and heavy chain by HCD. 
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FIGURE 2. Expanded view of the full MS Spectrum of the intact mAb.  

1213.0 1213.2 1213.4 1213.6 1213.8

m/z

0

20

40

60

80

100

0

20

40

60

80

100

R
e
la

ti
v
e

 A
b

u
n

d
a

n
c
e

1213.44
R=33405

z=?
1213.55
R=30348

z=19

1213.34
R=30902

z=1

1213.23
R=31278

z=?

1213.65
R=30501

z=19 1213.81
R=27940

z=19

1213.44
R=105948

z=19
1213.34

R=105236
z=19 1213.60

R=99439
z=19

1213.18
R=94351

z=19

1213.76
R=99036

z=19 1213.97
R=68927

z=19

NL: 4.21E4

Reduced_4a_16-
qb#1  RT: 24.66  
AV: 1 T: FTMS + p 
ESI Full ms 
[650.00-2000.00] 

NL: 1.02E4

Reduced_4a_17-
qb#1  RT: 24.64  
AV: 1 T: FTMS + p 
ESI Full ms 
[650.00-2000.00] 

Reduced_4a_15-qb #1 RT: 25.00 AV: 1 NL: 1.01E5
T: FTMS + p ESI Full ms [650.00-3500.00]

800 1000 1200 1400 1600

m/z

0

10

20

30

40

50

60

70

80

90

100

R
e
la

ti
v
e

 A
b

u
n

d
a

n
c
e

1097.96
1213.45

1048.13

1280.78

1002.58

1356.09
960.86

1440.74
922.50

887.12

1536.79854.29

1459.94

823.80
1557.09774.49

1670.34

Intact_07-qb #1 RT: 16.81 AV: 1 NL: 7.65E5
T: FTMS + p ESI sid=55.00  Full ms [1500.00-3500.00]

2570 2580 2590 2600 2610 2620 2630 2640 2650 2660

m/z

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

2630.33

2584.21

2633.25
2627.472587.06

2581.38

2636.14

2589.94
2642.27

2595.87
2645.20

2601.57 2648.06
2656.992608.332578.852564.46 2620.58

FIGURE 1. Full MS Spectrum of the intact mAb with a well resolved charge 

envelope. 

+57 

+56 

FIGURE 3. Deconvoluted Spectrum by Protein Deconvolution 2.0. 

Glycoforms 

As shown in Figure 3 and 4, the spectrum was deconvoluted using protein 

deconvolution 2.0 software, revealed 4 major glycoforms and a few minor forms. 

FIGURE 4. Deconvoluted Masses by Protein Deconvolution 2.0. 

Figure 2 presents peaks at charge states +56 and +57. For each charge state, the 

spectrum revealed a clean distribution of 4 major glycoforms and a few minor 

forms. 

FIGURE 6. Light chain (+19) measured at 60,000 (upper panel) and 240,000 

(bottom panel) resolutions. 

FIGURE 7. Summed sequence coverage of light and heavy chain by 

complementary fragmentation methods (HCD, CID, ETD). 
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Protein Sequencing by Bottom-up Approach 

All tryptic peptides were loaded onto a Halo C18 column, 2.7µm, 20cm followed 

by 300nL/min gradient. HCD spectra were detected by OrbitrapTM; CID and ETD 

spectra were analyzed using the ion trap part. The sample is not optimized for 

ETD spectra since trypsin digest could yield majorly +2 ions, which is less 

favorable for ETD application. 
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FIGURE 6. CID. 
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FIGURE 8. Sequence coverage of light and heavy chain by ETD. 

FIGURE 9. Sequence coverage of light and heavy chain by CID. 

451401351301251201151101511

Heavy Chain 


