
Abstract
In this presentation three different types of separations are compared for mAb intact 
mass and subunit analysis.  These separations include a fast desalting separation 
utilizing a short monolithic column, a classic reversed-phase separation using a 
biphenyl–phase, and lastly size exclusion chromatography.  These separations were 
evaluated using the commercially available therapeutic mAb, Adalimumab, in its intact 
and reduced forms.  Digestions of Adalimumab were also prepared using Ides enzyme 
to produce the light chain, the scFc domain and Fd’ domain of the heavy chain.  The 
advantages and disadvantages of the separations are compared and example 
chromatograms are presented.  Mass Analysis of this monoclonal antibody and 
subunits/domains showing intact masses and identified isoforms and glycoforms are 
presented. 

Introduction
Mass analysis of the intact monoclonal antibody, reduced subunits, and heavy chain 
domains has become an integral part of the characterization of monoclonal antibodies  
and provides information concerning glycoforms and possible modifications.  Mass 
analysis is most often performed on a higher order instrument such as a time of flight 
(TOF) or Fourier Transform (FT) mass spectrometer capable of scanning over the range 
of m/z 500 to 4000 and having resolution in most cases greater than 10000 FWHM.  
Highly charged electrospray spectra of the mAb subunit/domain are generated over 
this mass range and then deconvoluted to produce a mass spectrum showing the 
intact average molecular masses of the monoclonal antibody or its subunits/domains.  
However, in order to achieve quality data the electrospray spectra must be free of in 
source fragmentation and solvent adducts.  Ultra performance liquid chromatography 
(UPLC) is very efficient in isolating the intact mAb or subunit from other components 
during mass analysis.  In this presentation three types of chromatographic separations 
including a fast desalting separation utilizing a short monolithic column, a classic 
reversed-phase separation using a biphenyl–phase, and lastly size exclusion 
chromatography (SEC) are compared and evaluated based on the quality of the mass 
analysis.  Also variables in the separation such as mobile phase composition and 
subunit domain size are contrasted and discussed. 

Experimental
Injectable Humira (Adalimumab) at 50 mg/mL was obtained from a local pharmacy and 
used exclusively in this study.    
Sample Preparation:
1. Intact mass samples - were prepared by diluting the mAb to a concentration of 1-2
mg/mL in deionized water.  
2. Subunit (light and heavy chain) – Adalimumab was denatured using guanidine 
hydrochloride and reduced using DTT (25mM) at 55ºC for 45 minutes. 
3. Subunit/domains (light chain, scFc, Fd’ domains of heavy chain) – Adalimumab was 
digested with Ides or fabricator enzyme (Genovis) and the reduced with DTT  
A Waters Acquity H Class Ultra Performance Liquid Chromatograph and a Waters Xevo 
G2 Time of flight mass spectrometer was used for all mass analysis.
Chromatographic Separations as presented using the following columns:
1. Reversed-phase Desalting Separation - Thermo Scientific Pro-Swift Rp-4H, 1x50 mm  
2. Reversed-phase Diphenyl – Agilent Advance Bio RP-mAb Diphenyl 2.1x100 mm;3 µm
3. SEC - Waters Acquity UPLC BEH SEC 200A; 4.6x150 mm;1.7 µm  
Mass Analysis was performed in Electrospray positive mode.  Calibration was 
performed prior to analysis using CsI or an Agilent ESTOF tuning mixture over the 
appropriate range.  Cone voltages were adjusted for intact mass analysis normally at 
60 V and subunit analysis at 25-40 V.  Capillary Voltage was at 3 kV and scanning range 
was adjusted for either intact (m/z 500 – m/z 4000/4500) or subunit analysis (m/z 500 –
m/z 3000/3500).  Mass Analysis was performed using MassLynx or Unif software.  
Deconvolution using was performed using MaxEnt1 in UNIFI.
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Reversed Phase Separation of Intact mAb with 
Monolithic Polymeric Desalting Column 1x 50 mm, 
Temp 80ºC, Mobile Phases Water and n-Propanol (B) 
with 0.1% formic acid (v/v), Gradient – Start with 5% 
B and hold 2 min; ramp to 90% at 7 min, rinse and re-
equilibrate - Total Run time 15 minutes 

SEC of Intact mAb Isocratic 30ºC
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Summary of Mass Analysis and Mass 
Accuracy

SEC Spectra Formic (top) and TFA (bottom) with 0.1% 
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12Reversed Phase Separation Using Diphenyl Column, Temp 80ºC’,Water  and 80:20 
N-Propanol/ACN with 0.05 % TFA (B); Ramp B from 5% to 60% at min and hold 5 
min.  
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The ides enzyme cuts the heavy chains below the hinge at 
the C-terminal side of the glycine residue at H240.  After 
reduction two single chain Fc regions of the heavy chain 
(scFc) are produced (H241-450/451) and contain the glycans.  
Two heavy chain fragments (H1-240) containing the variable 
region (Fd’) and two light chains (L1-241) are also produced.  

Flow Rate 200 μL/min
Mobile Phase A Water with 0.05% TFA  
Mobile Phase B 80:20 N-propanol/ACN with 0.05%TFA  
Column Temp 80oC

Injection Volume 5 μL
Gradient 0 min 5% B to 45%B at 15 min; 

rinse and re-equilibrate 30 min run 

Subunit Mass Analysis – Light and Heavy Chain

G0F/G0F 148081.4 148081.0 -3
G0F/G1F 148243.6 148243.0 -4

G0F/Man5 147853.2 147857.0 26
G0F/unoccupied 147625.0 147637.0 81

G0F 50644.7 50643.0 -34
H Chain G1F 50806.9 50805.0 -37

Man5 50416.5 50415.0 -30
G0F 25204.2 25204.2 0
G1F 25366.3 25365.2 -43

G0F + Lys 25332.4 25332.4 0
G1F + Lys 25494.5 25493.8 -27

Man5 24975.9 24975.8 -4
Man6 25138.1 25138.4 12

G0F minus GlcNAc 25001.0 25000.0 -40
G1F- GlcNAc 25163.1 25160.8 -91
Aglycosylated 23758.8 23758.2 -25

Fd' Unmodified 25458.6 25458.4 -8
L Chain Unmodified 23412.1 23412.0 -4

Observed Mass(Da) Mass Accuracy(Da) 

Intact

scFc

Theoretical mass (Da)IsoformUnit/Subunit
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Size exclusion and reversed-phase chromatography can be successfully used 
to introduce intact monoclonal antibodies and their subunits into the mass 
spectrometer for mass analysis. 

• SEC and desalting columns are not suitable for separation of the Ides 
generated light chain, the scFc domain, and the Fd’ domain.  

• Rated for speed of analysis, first comes the desalting column, then SEC, 
and lastly the diphenyl separation.  Size exclusion chromatography does not 
require re-equilibration but the solvent front is at the end of the chromatogram.

• Formic acid provides best response but poorer chromatography than 
does TFA.  TFA provides lower pH and ion pairing that sharpens protein peaks.  
TFA shifts electrospray to a higher mass to charge than formic acid.  Formic 
acid is not suitable if UV detection is important.  

• Reversed–phase separations (desalting and diphenyl) can provide higher 
sensitivity than SEC, because the protein can be loaded unto the column at 
high aqueous composition.  SEC requires more protein.  

• High quality chromatography does not guarantee spectral quality and 
sometimes chromatographic resolution is not needed or desired.

• Use of the Ides enzyme to produce smaller subunit domains facilitates 
the identification and resolution of glycoforms and can be correlated to the 
classical fluorescence labelling glycan analysis using PNGase F. 


