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■ Introduction
Therapeutic antibodies have quickly become one of
the predominant classes of new drugs developed over
the years, with revenue predicted to be over $300
billion by the year 20251. Biosimilar therapy drugs are
designed to have similar properties compared to their
native monoclonal antibody (mAb) but are far less
expensive to produce.

Quality by Design (QbD) standards are implemented 
throughout the pharmaceutical manufacturing 
process of biosimilars to ensure consistency. Critical 
Quality Attributes (CQA) are benchmark criteria used 
in QbD standards that can be continuously monitored 
and measured to ensure final products are within 
acceptable quality limits2. 

Ensuring consistent glycosylation during process 
validation is an important CQA because N-linked 
glycans can affect a glycoprotein’s stability, solubility 
and recognition by glycan-binding proteins. N- 
glycans are attached to proteins at asparagine (Asn) 
residues by a N-glyosidic covalent bond. In 
monoclonal antibodies and biosimilars, this occurs at 
the crystallizable fragment (Fc), as shown in Figure 1. 

Characterization of released glycans from monoclonal 
antibodies, biosimilars, and glycoproteins were 
completed using the Shimadzu LCMS-9030 high 
resolution quadrupole time of flight (QToF) mass 
spectrometer with fluorescence detection using the 
Restek Raptor Polar X column.  

The Raptor Polar X column was chosen in this study 
due to its unique stationary phase which balances ion 
exchange and hydrophilic interaction liquid 
chromatography (HILIC) to retain and separate polar 
analytes. This balanced retention for polar compounds 
should provide a powerful separation of glycans. The 
released glycan data was processed using Detached 
Glycan (N-Linked) Workflow from Protein Metrics.  

This workflow can be combined with previously 
published workflows for complete mAb 
characterization3.  
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Figure 1: N-linked glycans are attached to proteins at Asn residues on the Fc region 
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■ Glycan Structure and Nomenclature  
N-linked glycans share a common pentasaccharide 
core structure containing three mannose residues 
attached to two N-Acetylglucosamine (GlcNAc) 
residues (Table 1). One GlcNAc is attached to an Asn 
side chain of the protein. The Asn residue is 
recognized when asparagine is followed by any 
amino acid, except for proline, and ends with serine 
or threonine (Asn-X-Ser/Thr). N-linked Glycans can 
be further classified into three types as shown in 
Table 1. 

High mannose glycans contain only unsubstituted 
terminal mannose sugars, while hybrid and complex 
glycans both contain GlcNac substituted “antennae” 
linked to the mannose core. In hybrid glycans, only 
mannose residues are attached to the Manα6 arm of 
the core. In complex glycans, the added GlcNac is on 
both Manα6 and Manα3 sites. 

Table 1: N-Linked glycan structure 
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■ Experimental 
Materials and Methods 
 
NIST mAb Humanized IgG1ĸ monoclonal antibody 
reference material 8671 was purchased from the 
National Institute of Standards & Technology (NIST). 
Bevacizumab biosimilar (brand name Avastin) was 
donated by Intertek Pharmaceuticals (San Diego, 
CA). High mannose glycoprotein RNase B was 
purchased from Sigma-Aldrich (St. Louis, MO). 
Proteins were treated with PNGase F purchased from 
New England Biolabs (Ipswich, MA) and analyzed 
using Restek’s Raptor Polar X column (part # 
9311A12) with the conditions listed in Table 2. 
 
Table 2: Liquid Chromatography (LC), fluorescence and MS 
conditions 
 

LC Conditions 
Column Restek Raptor Polar X (2.1 × 100 

mm × 2.7 µm) Part #: 9311A12 
Mobile Phase A 0.5% formic acid in water 
Mobile Phase B 90:10 Acetonitrile:water, 20mM 

ammonium formate, pH 3 
Flow Rate 0.4mL/min 
Column Temp 40 oC 
Gradient 0min-0.5min, 88%B, 0.5min-

30.5min, 75%B, 30.5-30.6min, 
10%B, 30.6min-32.6min, 10%B, 
32.6-32.7min, 88%B, 37.7min, end 

Fluorescence Conditions 
Detector RF-20Axs 
Excitation  310 
Emission 370 
Cell Temperature 40 oC 
Q-ToF Conditions 
Mode DDA 
TOF Start m/z 500.0000 
TOF End m/z 1100.0000 
DDA Start m/z 100.0000 
DDA End m/z 2200.0000 
CE 50 
CE Spread 25 
Event Time (s) 0.100 
Pulser Inj, Time 193 
Nebulizing Gas Flow 3.0L/min 
Heating Gas Flow 10L/min 
Interface Temp 300 oC 
Drying Gas Flow 10L/min 

 

 
Deglycosylation  
Intact proteins were solubilized in 50mM ammonium 
bicarbonate at a 1mg/mL concentration, followed by 
treatment with PNGase F to remove N-linked 
glycans. 100µg of protein was combined with 10µL 
(100U) PNGase F and incubated for 4 hours at 37 oC.  
 
The released glycans were extracted using ZipTip C4 
pipette tips by eluting with 0.1% formic acid in 
water and were dried down by a centrifugal 
evaporator. 
 
Procainamide labeling and purification 
Released glycans were labeled with LudgerTagTM 
Procainamide Glycan Labeling Kit4 using 10uL of 
procainamide dye, DMSO, glacial acetic acid, and 2-
picoline borane. Procainamide labeled glycans were 
purified using Discovery® Glycan SPE Tubes5 and 
dried down by a centrifugal evaporator. Samples 
were reconstituted in 100µL  90:10 ACN:Water. 
 
■ Instrumentation  
All data from this application note were obtained on 
a Shimadzu UHPLC in conjunction with a 
fluorescence detector and a Q-ToF Mass 
Spectrometer, LCMS-9030, connected in series. The 
specific configuration includes LC-30AD x2 solvent 
delivery pumps, DGU-20A5R online degassing units, 
SIL-30AC autosampler, CTO-20AC column oven, 
CBM-20A system controller, RF-20AXS fluorescence 
detector, LCMS-9030 QTOF, LabSolutions Ver. 
5.97SP1 chromatography workstation, and Detached 
Glycan (N-linked) Workflow from Protein Metrics. 
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■ Results 
RNAse B 
Figure 2 shows the fluorescence chromatogram 
(left) and extracted ion chromatogram (right) for the 
high mannose (Man5-Man9) glycans which are 
characteristic of RNaseB glycoprotein The Restek 
Polar X column achieved excellent baseline 
separation for all glycans.  

Table 3 shows the mass accuracy of the Shimadzu 
LCMS-9030 for RNAse B procainamide labeled 
glycans. The data was processed using Protein 
Metrics Detached Glycan (N-Linked) workflow and 
tabulated automatically. All glycans show better than 
5ppm mass accuracy.

  

Figure 2: Fluorescence chromatogram (left) and extracted ion chromatogram (right) for procainamide labeled RNaseB Glycans 
 
 
 
 
 
 
 
 

 
Avastin 
Figure 3 shows the fluorescence chromatogram 
(left) and extracted ion chromatogram (right) for 
glycans found on Avastin biosimilar. 
 

Table 4 shows the mass accuracy of the Shimadzu 
LCMS-9030 for Avastin procainamide labeled 
glycans. The data was processed using Protein 
Metrics Detached Glycan (N-Linked) workflow All 
glycans show better than 5ppm mass accuracy.

Figure 3: Fluorescence chromatogram (left) and extracted ion chromatogram (right) for procainamide labeled Avastin glycans.  
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Table 3: Mass accuracy 
of LCMS-9030 for 
RNaseB glycans 
 

Table 4: Mass accuracy 
of LCMS-9030 for 
Avastin glycans 
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NIST mAb 
Figure 4 shows the fluorescence chromatogram 
(left) and extracted ion chromatogram (right) for 
glycans found on NIST mAb. 
 

Table 5 shows the mass accuracy of the Shimadzu 
LCMS-9030 for NIST mAb procainamide labeled 
glycans. The data was processed using Protein 
Metrics Detached Glycan (N-Linked) workflow. All 
glycans show better than 6ppm mass accuracy. 

 

Figure 4. Fluorescence chromatogram (left) and TIC (right) for procainamide labeled NIST mAb glycans. 
 

 
 
Normalized Peak Areas for each glycan in each sample 
The fluorescence chromatogram was integrated, and 
the normalized area for each released glycan was 
automatically plotted as a pie chart using Protein 
metrics report generator. Figure 5 shows the pie 
chart for RNase B (left), NIST mAb (middle) and 
Avastin (right).

 

 

 
Figure 5: Normalized area for glycans released from RNase B (left), NIST mAb (middle) and Avastin (right) 
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Table 5: Mass accuracy of 
LCMS-9030 for NIST mAb 
glycans 
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MS/MS Spectra 
To determine the spectra of high abundant glycans, 
MS/MS fragmentation was performed, and the 
spectra were analyzed for glycan fragments. Figure 
6 shows the MS/MS spectra of abundant glycans.
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Figure 6: MS/MS spectra for selected procainamide labeled glycans 
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■ Conclusion  
The Shimadzu LCMS-9030 has shown excellent mass 
accuracy for N-linked glycans on several proteins. 
The Restek Raptor Polar X, an innovative hybrid ion-
exchange/HILIC column, is an ideal column for 
glycans as reflected by the baseline separation of the 
structurally similar N-glycans. Protein Metrics Glycan 
Workflow offers additional workflows to other 
published methods3.
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