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The physicochemical and biological properties of immunoglobulin G
(IgG) are influenced by several modifications. These modifications can
be analysed in detail by mass spectrometric methods. In a complex
top-down analysis strategy, the modifications and the resulting
heterogeneity in the monoclonal
antibody
XO01_γ1
were
investigated.

examined in more detail by reducing the IgG and determining the
masses of the individual polypeptide chains before and after
deglycosylation using RPLC-MS. This makes it possible to associate
modifications with the individual subunits. Not only can the protein
portion of the IgG be analysed with RPLC-MS, but also the
separated glycans. The proteolytic splitting of the IgG
with specific enzymes such as trypsin results
in smaller peptides which can be
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pyroglutamate, the deamination of asparagine and the oxidation of
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The analysis strategy was exemplified using the monoclonal antibody
XO01_γ1. G0F and G1F glycosylation were detected in the CH2 domain:
this occurred in the combinations G0F/G0F, G1F/G0F and G1F/G1F on
the two heavy chains (Fig. 1). The N-terminal glutamine of the heavy
chains was completely cyclised to pyroglutamic acid. Furthermore, up
to 97 % of C-terminal lysines were processed in these chains. Apart
from these dominant modifications, deamination and oxidation were
detected, but only in small amounts (Table 1).

G1F/G1F
Δm = 3‘213.2 Da

Figure 1: Deconvoluted mass spectrum of the intact and deglycosylated IgG
XO01_γ1.

Table 1: Detected modifications of XO01_γ1.
Seq. Loc.
HC(1-40)

Top-down Strategy
Various methods of analysis were compiled into a top-down strategy
for the study of modifications in IgGs. In the first step, the molecular
mass of the intact IgG is determined by separating IgG from the sample
matrix by reversed phase liquid chromatography (RPLC) and analysis in
an ESI-Q-TOF-MS. To determine the molecular mass of the peptide part
the IgG is deglycosylated and also examined using RPLC-MS. The
subunits of the IgG which are connected via disulfide bridges are
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Sequence
QVQLQESGPGLVKPSQTLSLTCSFSGF
SLSTSGMGVGWIR
HC(252-258) DTLMISR
HC(296-304) EEQYNSTYR
HC(296-304) EEQYNSTYR
HC(305-320) VVSVLTVLHQDWLNGK
HC(305-320) VVSVLTVLHQDWLNGK
HC(305-320) VVSVLTVLHQDWLNGK
HC(374-395) GFYPSDIAVEWESNGQPENNYK
HC(374-395) GFYPSDIAVEWESNGQPENNYK
HC(420-442) WQQGNVFSCSVMHEALHNHYTQK
HC(443-449) SLSLSPGK
LC(93-103) MLPWTFGQGTK
LC(127-142) SGTASVVCLLNNFYPR

Modification
Cyclisation: Q(1)  pE

Δm / Da %
-17.0265 100 %

Oxidation: M(255)  M-Sulfoxide
G0F N(300)
G1F N(300)
Deamination: N(318)  Suc
Deamination: N(318)  D
Deamination: N(318)  IsoD
Deamination: N(387/392)  Suc
Deamination: N(387/392)  D/IsoD
Oxidation: M(431)  M-Sulfoxide
Processing: K(450)
Oxidation: M(93)  M-Sulfoxide
Deamination: N(137)  D/IsoD

+15.9949
+1444.5339
+1606.5867
-17.0265
+0.9840
+0.9840
-17.0265
+0.9840
+15.9949
-128.0950
+15.9949
+0.9840

1.6 %
75 %
25 %
2.4 %
1.3 %
4.0 %
0.3 %
0.2 %
0.7 %
97 %
1.9 %
0.5 %

