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A B S T R A C T   

Protein glycosylation contributes to critical biological function of glycoproteins. Glycan analysis is essential for 
the production of biopharmaceuticals as well as for the identification of disease biomarkers. However, glycans 
are highly heterogeneous, which has considerably hampered the progress of glycomics. Here, we present an 
improved 96-well plate format platform for streamlined glycan profiling that takes advantage of rapid glyco
protein denaturation, deglycosylation, fluorescent derivatization, and on-matrix glycan clean-up. This approach 
offers high sensitivity with consistent identification and quantification of diverse N-glycans across multiple 
samples on a high-throughput scale. We demonstrate its capability for N-glycan profiling of glycoproteins from 
various sources, including two recombinant monoclonal antibodies produced from Chinese Hamster Ovary cells, 
EG2-hFc and rituximab, polyclonal antibodies purified from human serum, and total glycoproteins from human 
serum. Combined with the complementary information obtained by sequential digestion from exoglycosidase 
arrays, this approach allows the detection and identification of multiple N-glycans in these complex biological 
samples. The reagents, workflow, and Hydrophilic interaction liquid chromatography with fluorescence detec
tion (HILIC-FLD), are simple enough to be implemented into a straightforward user-friendly setup. This improved 
technology provides a powerful tool in support of rapid advancement of glycan analysis for biopharmaceutical 
development and biomarker discovery for clinical disease diagnosis.   

1. Introduction 

Post-translational modifications (PTMs) refer to the covalent and 
enzymatic biochemical modifications of proteins following biosynthesis 
in a time- and signal-dependent manner [1]. PTMs have been well 
acknowledged to play a critical role in regulation and diversification of 
the cellular proteome due to their broad scope in various biological 
processes, such as gene regulation, cell proliferation, differentiation and 
apoptosis, tissue development, disease progression, and drug resistance 
[2,3]. Currently, over 650 unique PTMs have been experimentally 
identified (http://www.uniprot.org/docs/ptmlist.txt) [4], and the most 
common PTMs include phosphorylation, glycosylation, methylation, 
ubiquitination and acetylation. As one of the most prominent and 
abundant PTMs, protein glycosylation has attracted extensive interest 
due to the diversity and complexity of multiple glycoforms that may be 

associated with protein isoforms. 
Protein glycosylation has significant impacts on protein structure 

and function, by influencing stability, solubility, protein folding, and 
mediating protein-protein interactions. Additionally, glycosylation 
contributes to numerous crucial biological functions, such as pathogen 
binding, cell recognition and adhesion, molecular trafficking and 
clearance, receptor activation, signal transduction and endocytosis 
[5–7]. Increased understanding of molecular details of protein glyco
sylation has facilitated the alignment between glycosylation and human 
physiological conditions. It has been recognized that aberrant protein 
glycosylation associates with many diseases [6,8,9]. Consequently, the 
discovery and detailed characterization of protein glycosylation as a 
diagnostic and prognostic biomarker has significant biomedical impli
cations, especially in the field of cancer, neurodegenerative disease, 
inflammatory disease, and liver disease, etc. [10–13]. Additionally, 
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protein glycosylation of biopharmaceutical drugs plays a vital role in 
assuring product quality, safety, and potency. This is because glycosyl
ation contributes to modulating a variety of biological properties, such 
as immunogenicity, serum clearance, in vivo circulating half-life, and 
anti-inflammatory activity [14,15]. Identification, description, and 
mapping of protein glycosylation are of great importance for deter
mining its functional role in a biological context. Therefore, a compre
hensive knowledge of protein glycosylation is necessary to ensure the 
biomanufacturing of efficacious therapeutics as well as for disease 
diagnosis and prognosis. To this end, developing sensitive and reliable 
strategies for high throughput glycomic analysis is decidedly necessary. 

However, due to their complex biosynthetic pathways, glycans are 
highly heterogeneous, varying in site occupancy, monosaccharide 
composition, glycosidic linkages, and length [16]. This complexity has 
considerably hampered the progress in glycosylation related disease 
biomarker discovery and biopharmaceutical development. Therefore, 
detailed structural and quantitative analysis of aberrant glycoproteins in 
a fast and sensitive way has become critical. There are a variety of 
techniques available to profile glycoprotein glycans, including 
high-performance liquid chromatography (HPLC), capillary electro
phoresis (CE), mass spectrometry (MS), isoelectric focusing (IEF), and 
lectin-based microarray [17–20]. 

High-performance anion exchange chromatography coupled with 
pulsed amperometric detection (HPAE-PAD) was the first established 
chromatographic technique for carbohydrates analysis [21]. This 
method takes advantage of the weakly acidic nature of carbohydrates 
and ionizes the hydroxyl groups at high pH for highly selective sepa
rations by using strong anion exchange stationary phases. The separa
tion is based on oligosaccharide charge, size, composition, and linkage. 
HPAE-PAD does not require any derivatization before carbohydrates 
analysis, and is routinely used for determination of monosaccharides, 
sialic acids, mannose-6-phosphate (M-6-P), sugar alcohol, and oligo
saccharides etc [22–24]. 

MS instrumentation, combined with glycopeptide/protein fragmen
tation and glycan enrichment techniques, has increasingly been used for 
mapping protein glycosylation and detailed glycan structural determi
nation [25–28]. Whereas linkage information and monosaccharide 
identification are usually deduced by gas chromatography (GC) [29] and 
solution state nuclear magnetic resonance spectroscopy (NMR) [30–33] 
or by the HPAE-PAD technique mentioned above [24,34–36]. However, 
the availability of these sophisticated instrumentations remains a major 
hurdle in structural glycobiology. Hydrophilic interaction liquid chro
matography with fluorescence detection (HILIC-FLD) has been well 
recognized as a standard method for the separation and quantitation of 
released N-glycans after conventional 2-aminobenzamide (2-AB) label
ling [37] or other fluorescent dyes [38]. However, the whole glycan 
preparation procedure is time consuming, usually taking several hours 
or even days for glycan sample preparation, with poor reproducibility 
and low sensitivity. 

In this study, we present data on applications of an improved high- 
throughput, high-sensitivity platform for fast glycan profiling that 
takes advantage of a streamlined 96-well plate format for rapid glyco
protein denaturation, deglycosylation, fluorescent derivatization, and 
glycan purification. With the introduction of an innovative fluorescent 
derivatizing reagent, 2-(diethylamino) ethyl 4-({[(2,5-dioxopyrrolidin- 
1-yl) oxy] carbonyl} amino) benzoate (named: InstantPC), the released 
glycosylamine intermediate is fluorescently labelled within only 1 min 
at 50 ◦C using activated carbamate chemistry. This is compared to the 
commonly utilized reductive amination derivatization method using 
either 2-AB or procainamide, where 2- or 3-h reaction times at 60 ◦C are 
routinely used. The total glycan preparation time of our current 
improved workflow has been shortened to less than 10 min, which is a 
significant improvement on alternative methods. A 96 well-plate format 
technique for glycan sample preparation that included glycan release 
from monoclonal antibodies, derivatization with 8-Aminopyrene-1,3,6- 
trisulfonic-acid (APTS) and purification has been reported previously 

[39]. However, the total glycan sample preparation took approximately 
60 min prior to analysis by capillary electrophoresis. 

We compared our current workflow using InstantPC with previously 
used procedures using 2-AB and procainamide as the derivatizing re
agent. Procainamide serves as a “bridging molecule” in this comparison 
because it shares structural similarity to InstantPC, whilst derivatizes 
glycans via reductive amination in an identical mechanism to that of 2- 
AB. Comparisons of the chemical properties and glycan derivatization 
mechanisms for InstantPC, procainamide and 2-AB are summarised in 
Table 1. We first demonstrated its application in N-glycan profiling of 
recombinant monoclonal antibodies with different molecular sizes 
produced from Chinese Hamster Ovary (CHO) cells, and polyclonal 
antibodies purified from human serum in a fast and reproducible 
fashion. We then applied this methodology to a total N-linked glycan 
analysis of healthy human serum glycoproteins. This demonstrated the 
applicability of the method to N-glycan analysis of glycoproteins from 
complex biological samples. This improved 96-well plate format for N- 
glycan profiling showed good reproducibility. InstantPC exhibited 
comparable fluorescence sensitivity to procainamide, whilst signifi
cantly higher fluorescent sensitivity to the commonly used 2-AB. The 
method described in this paper offers high-throughput and high- 
sensitivity for N-glycan detection and quantification as required for 
multiple sample analysis in biopharmaceutical development and disease 
diagnosis by mass screening of clinical samples. 

2. Experimental section 

Materials and Reagents The AdvanceBio Gly-X N-Glycan Prep with 
InstantPC kit, 96-ct (GX96-IPC) consisting of three modules, including 
Gly-X deglycosylation module (GX96-100), Gly-X InstantPC labelling 
module (GX96-101), and Gly-X InstantPC cleanup module (GX96-102), 
was donated by Agilent Technologies. The AdvanceBio Gly-X N-Glycan 
Prep with 2-AB express kit, 96-ct (GX96-2AB) consisting of three mod
ules, including Gly-X deglycosylation module (GX96-100), Gly-X 2-AB 
express labelling module (GX96-401), and Gly-X 2-AB express cleanup 
module (GX96-402), were donated by Agilent Technologies. Advance
Bio exoglycosidases of Sialidase A (GK80040), Sialidase C (GK80030), β 
(1–3,4)-Galactosidase (bovine testis, GKX5013), β (1–4)-Galactosidase 
(Streptococcus pneumoniae), GKX5014), β-N-acetylhexosaminidase 
(GK80050), α (1–2,3,6)-Mannosidase (jack bean) (GKX-5010), and α 
(1–2,3,4,6)-Fucosidase (bovine kidney) (GKX-5006) were donated by 
Agilent Technologies. Procainamide (10733211) was purchased from 
Thermo Fisher scientific. Human serum from human male AB plasma 
(H4522) was purchased from Sigma Aldrich. HPLC-grade acetonitrile 
was purchased from Sigma and Milli-Q water was used in all prepara
tions. All the common chemicals were purchased from Sigma Aldrich. 

Monoclonal antibodies of EG2 and Rituximab expression The 
stably transfected Chinese Hamster Ovary (CHO) cell line (DUXB II) 
expressing chimeric human-llama heavy chain monoclonal antibody 
(designated EG2) was kindly provided by Yves Durocher, NRC, Canada 
[40]. The GS-CHO cell line (CHO–S-RTX) expressing the chimeric 
mouse-human monoclonal antibody (designated rituximab) was kindly 
provided by the Technical University of Denmark [41]. 

The cells were inoculated at an initial cell density of 0.5 × 106 cells/ 
ml with a working volume of 2 L and grown in suspension under serum- 
and protein-free conditions in the chemically defined Biogro-CHO me
dium (Biogro Technologies Inc, Winnipeg, Canada) containing 25 mM 
glucose, 4 mM glutamine. Viable cell density and viability measure
ments were performed by Trypan blue exclusion method as described 
previously [42]. The cells were grown until the desired cell density was 
attained, followed by cell harvesting by centrifugation at 1500 rpm for 
5 min. The supernatant which contained the EG2 and Rituximab anti
bodies was then filtered through 0.45 μm pore sized Supor ® hydrophilic 
polyethersulfone (PES) membrane (Pall Corporation, Port Washington, 
NY) for clarification, and stored at − 20 ◦C until further use. 

Monoclonal and polyclonal Antibodies purification and 
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quantification The purification of EG2 and Rituximab monoclonal 
antibodies and human serum polyclonal antibodies was performed with 
protein A affinity chromatography [43,44] using an AKTA Avant System 
(GE healthcare). The HiTrap Protein A HP antibody purification column 
(GE healthcare) was first equilibrated with binding buffer (25 mM so
dium phosphate, pH 7.4) at a flow rate of 1.0 mL/min. After sample 
loading and column washing to remove unbound molecules, elution was 
performed at the same flow rate using 0.1 M citric acid, pH 3.0. The 
collected fraction containing the target antibodies was neutralized by 
adding suitable amount of 1 M Tris-HCl, pH 9.0, followed by buffer 
exchange against distilled water using Amicon ® Ultra centrifugal filter 
with molecular weight cut off of 30 kDa (Millipore, Bedford, MA, USA). 
The antibodies were quantified by Cedex HiRes Analyzer (Roche Di
agnostics Deutschland GmbH, Mannheim, Germany) based on the tur
bidimeric immunoassay [45,46], then stored at − 20 ◦C for subsequent 
analysis. 

Rapid in-solution glycoprotein denaturation and enzymatic 
deglycosylation The in-solution enzymatic deglycosylation of human 
serum or isolated glycoproteins and antibodies was carried out accord
ing to the manufacturer’s instruction of Agilent AdvanceBio Gly-X N- 
Glycan Prep with InstantPC kit or 2-AB express kit, respectively. Human 
serum (5 μl) or glycoprotein samples (40 μg) were diluted with a suitable 
amount of 50 mM NH4HCO3 or 4-(2-hydroxyethyl)-1-piper
azineethanesulfonic acid (HEPES) buffer (pH 8.0) to make a final vol
ume of 20 μl. Gly-X denaturant (2 μl) was added to the 20 μl of 
glycoprotein solution, mixed thoroughly and incubated at 90 ◦C for 
3 min. After leaving at room temperature for 2 min, 2 μl of N-Glycanase 
working solution was added, mixed thoroughly and incubated at 50 ◦C 
for 5 min. For glycan labelling with 2-AB or procainamide, 2 μl of fin
ishing reagent was added to the glycoprotein solution, mixed thoroughly 
and incubated at 50 ◦C for another 10 min. For glycan labelling with 
InstantPC the finishing reagent step is not required. 

N-glycan labelling with InstantPC and purification. InstantPC 
dye solution was prepared by dissolving one vial of InstantPC dye with 
150 μl of the accompanying solvent and mixed well. The dye solution 
(5 μl) was added to the above-prepared sample, and incubated at 50 ◦C 
for 1 min. The Load/Wash solution (150 μl of 2.5% formic acid/97.5% 
acetonitrile) was added to each sample, and then the entire sample 
(179 μl) was transferred to each well of the Gly-X Cleanup plate con
taining 400 μl of Load/Wash solution. After passing the solution through 
the cleanup plate by applying a vacuum, samples were washed with 
600 μl of Load/Wash solution three times. InstantPC labelled N-glycans 

were eluted with 100 μl of Gly-X InstantPC eluent (160 mM ammonium 
formate/10% (v/v) acetonitrile, pH 4.4). The time of this entire pro
cedure for glycan labelling was reduced to less than an hour. The 
collected N-glycan solutions were analysed immediately without the 
need for further concentration, or alternatively stored at − 20 ◦C for 
future analysis. 

N-glycan labelling with procainamide and purification Aceto
nitrile (150 μl) was added to each sample, centrifuged for 1 min, the 
supernatant collected and dried by speedVac Vacuum Concentrator 
(Thermo Fisher Scientific). Procainamide labelling solution was pre
pared by dissolving procainamide 40 mg and sodium cyanborohydride 
25 mg with 500 μl of DMSO: acetic acid: H2O (280: 120: 100 v/v/v) 
solution, and mixed well. Procainamide labelling solution (25 μl) was 
added to each sample, and incubated at 65 ◦C for 1 h. Acetonitrile 
(150 μl) was added to each sample, and then the entire sample (175 μl) 
was transferred to each well of the Gly-X Cleanup plate containing 
400 μl of acetonitrile. After removing the solution, the sample was 
washed with 600 μl of acetonitrile three times. The procainamide 
labelled N-glycans were eluted with 100 μl of H2O. The entire procedure 
for glycan sample preparation took approximately 3 h. The collected N- 
glycan solutions were analysed immediately without the need for 
further concentration, or alternatively stored at − 20 ◦C for future 
analysis. 

On-matrix N-glycan labelling with 2-AB and purification 
Acetonitrile (150 μl) was added to each sample, and then the entire 
sample (176 μl) transferred to each well of the Gly-X Cleanup plate 
containing 450 μl of acetonitrile. After removing the solution, the 
sample was washed with 600 μl of acetonitrile once. 2-AB labelling so
lution (80 μl of 2-AB solution: 2-AB reductant: 2-AB catalyst: acetonitrile 
at the ratio of 1: 1: 2: 44 v/v/v/v) was added to each well, and incubated 
at 65 ◦C for 1 h. After washing with 600 μl acetonitrile three times, the 2- 
AB labelled N-glycans were eluted with 100 μl distilled water three 
times. The entire procedure for sample preparation took approximately 
2 h. The collected N-glycan solution was dried by speedVac Vacuum 
Concentrator (Thermo Fisher Scientific), and then stored at − 20 ◦C for 
future analysis. 

N-Glycan profiling by HILIC-FLD The profiles of fluorescently 
labelled N-glycan were determined by Hydrophilic Interaction Liquid 
Chromatography with fluorescence detection (HILIC-FLD) using two 
chromatography systems. The first was an Acquity I class ultra- 
performance liquid chromatography system (UPLC) equipped with 
Acquity UPLC Glycan BEH Amide Column (130 Å, 1.7 μm, 

Table 1 
Chemistry properties of the studied fluorescent dyes for glycan derivatization.  

Name InstantPC Procainamide 2-Aminobenzamide 

Chemical structure 

IUPAC name 2-(diethylamino)ethyl 4-({[(2,5-dioxopyrrolidin-1-yl)oxy]carbonyl} 
amino)benzoate 

4-amino-N-[2-(diethylamino)ethyl] 
benzamide 

2-Aminobenzamide 

Molecular formula C18H23N3O6 C13H21N3O C7H8N2O 
Formula weight 377.3917 235.3253 136.1512 
Monoisotopic Mass 377.1587 235.1685 136.0637 
Reaction mechanism activated carbamate chemistry Reductive amination 
Targeting glycan functional 

group 

Glycosylamine 

Glycan 

Glycan molecular weight 
addition 

261.1477 219.1736 120.0688 

FLD λex = 285 nm, λem = 345 nm λex = 310 nm, λem = 370 nm λex = 260 nm, 
λem = 430 nm  
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2.1 mm × 150 mm, SKU: 186004742) under the control of Empower 
software (Waters Corporation). The second was a 1260 Infinity high 
performance liquid chromatography system (HPLC) equipped with 
AdvanceBio Glycan Mapping column (120 Å, 2.7 μm, 
2.1 mm × 150 mm, Part NO: 683775–913) under the control of Open
LAB CDS ChemStation software (Agilent Technologies). Both systems 
consist of a quaternary solvent pump, autosampler, and a fluorescence 
detector. A comparison of the chromatographic conditions used to 
investigate the glycan separation is available in the supporting infor
mation (Tables S1–S3, and Figs. S1–S4). The detector was set with 
excitation and emission wavelengths of 260 and 430 nm for 2-AB, 310 
and 370 nm for procainamide, and 285 and 345 nm for InstantPC, 
respectively. Prior to injection, the previously 2-AB labelled glycan 
samples were solubilized in 5 μl of H2O and 15 μl of acetonitrile, and the 
injection volume was 5 μl. The procainamide and InstantPC labelled 
glycan samples were injected at a volume of 1 μl without any further 
treatment prior to injection. The N-glycans were separated with 50 mM 
ammonium formate (pH 4.4) as solvent A and acetonitrile as solvent B. 
The separation method was by a linear gradient of 70–60% acetonitrile 
(v/v) at a flow rate of 0.5 ml/min in a 35 min analytical run. Samples 
were maintained at 5 ◦C before injection and the separation temperature 
was 60 ◦C. The systems were calibrated using Agilent AdvanceBio 
InstantPC Maltodextrin ladder (GKPC-503), Ludger procainamide 
labelled glucose homopolymer ladder (CPROC-GHP-30) and Waters 2- 
AB dextran calibration ladder (186006841). The correlation between 
glucose unit (GU) value and retention time T (min) was fitted to 5th 
order polynomial curve to obtain the standard curve, as shown in sup
porting information Tables S4 and S5, and Figs. S5 and S6. 

N-glycan exoglycosidases sequential digestion The N-glycan 
exoglycosidases sequential digestion was accomplished by the addition 
of 2.0 μl of α (2–3,6,8,9) Sialidase A, 2.0 μL of β (1–4)-Galactosidase, 
2.0 μL of β-N-Acetyl-hexosaminidase, and 2.0 μL of α (1–2,3,4,6)-Fuco
sidase to 10 μL of labelled N-glycan samples containing reaction mixture 
(released from equivalent of 40 μg glycoprotein). For multiple exogly
cosidases digestion, 10x reaction buffer of 0.5 M ammonium acetate pH 
5.5 was utilized. The reactions were incubated at 37 ◦C for 24 h without 
shaking. For the complete physiochemical properties of the exoglyco
sidases, and full exoglycosidases sequential digestion panel, please refer 
to supporting information Tables S6 and S7, respectively. 

Data Processing and Analysis The chromatographic glycan peaks 
resulting from the HILIC-FLD analysis were processed with either 
Empower or OpenLAB CDS ChemStation software using an automated 
method with a traditional integration. Individual glycan peaks were 
analysed on the basis of the correlation between measured retention 
time and glucose units, and subsequently compared to reference values 
in GlycoStore database (https://glycostore.org/) for glycan structure 
assignment [47]. Total area normalization was performed, where the 
area under the curve (AUC) of each major labelled N-linked glycans 
were divided by the total area of all the major glycans to calculate the 
relative abundances (AUC %). Repeatability was estimated using repli
cates of the same sample calculating the coefficient of variation (CV, the 
ratio of the standard deviation to the mean). 

The signal-to-noise (S/N) ratios were calculated using noise from 
within the same chromatogram as follows: S/N = 2H/h, where H is the 
height of the peak measured from the peak apex to a baseline extrapo
lated over a distance ≥ 5 times the peak width at its half-height, and h is 
the differences between the largest and smallest baseline (noise) values 
observed over ≥ 5 times the width at the half-height of the peak. 

3. Results  

(1) Qualitative and quantitative analysis of the glycosylation 
pattern of monoclonal antibodies 

EG2-hFc is a humanized chimeric single domain monoclonal anti
body produced from Chinese hamster ovary cells (CHO-DUXB), 

targeting the epidermal growth factor receptor (EGFR) that is most 
commonly over-expressed in non-small cell lung cancer (NSCLC). EG2- 
hFc is a camelid-type antibody devoid of light chains, reducing its mo
lecular size to approximately 80 kDa with the potential to increase tissue 
penetration and reduce dosage requirements [48–50]. To test the 
capability of the developed high-throughput, high-sensitivity workflow 
for qualitative and quantitative N-glycan analysis, we first carried out 
glycan profiling of EG2-hFc. The released N-glycans were derivatized 
with 2-AB, procainamide, and InstantPC, respectively, followed by 
HILIC separation and fluorescence (FLR) detection. As shown in Fig. 1A, 
it is clear that HILIC separation of EG2-hFc N-glycans labelled with 
InstantPC resulted in well resolved peaks for all major N-glycan species 
with the 30 min method used. This N-glycan profile is typical of 
monoclonal antibodies produced in Chinese hamster ovary cells: pre
dominantly neutral biantennary complex N-glycans with core fucose, 
and a relatively low proportion of glycans without core fucose. 

As shown in the insert of Fig. 1A, the glycan fluorescence profiles for 
both InstantPC and procainamide are comparable to those obtained for 
2-AB, although the HILIC retention times of InstantPC and procainamide 
labelled N-glycans are longer than 2-AB labelled N-glycans due to the 
presence of non-reactive alkyl chain and tertiary amine group. As shown 
in Fig. 1B and supporting information Table S8, InstantPC gave 
approximately twice-higher fluorescence intensities than procainamide, 
while both dyes gave significantly higher fluorescence intensities than 2- 
AB, x149, and x67 fold enhancement, respectively. These findings are in 
good agreement to previous report, where 2-AB, procainamide and 
another derivatizing agent of Rapi-Fluor-MS were investigated [51,52]. 

We used the FA2 peak in the EG2 glycan profiles to compare the 
signal-to-noise ratios (SNR). The noise values were measured as 0.038, 
0.045 and 0.050 μv for InstantPC, procainamide and 2-aminobenza
mide, respectively, and were comparable for the three different fluo
rescent dyes although different excitation and emission wavelengths 
were employed. However, the SNR determined for InstantPC was 
calculated to be approximately x1.8 and x71.5 higher than for procai
namide and 2-AB, respectively (data not shown). In other words, 
InstantPC and procainamide showed comparable limits of fluorescent 
detection and quantification, while 2-AB exhibited a significantly lower 
sensitivity. 

The higher sensitivity of InstantPC and procainamide labels enabled 
certain peaks to be detected that were absent in the 2-AB chromato
grams. As shown in Fig. 1 and the scaled EG2 glycan profiling chro
matograms in supporting information Fig. S8, low abundant glycan 
species were detectable with either InstantPC or procainamide deriva
tization at a retention time >20 min, but apparently absent with the 2- 
AB label, even at 25 times concentrated sample injection for chro
matographic detection as stated in Materials and Methods. Therefore, it 
is reasonable to deduce that labelling with either InstantPC or procai
namide may hold the potential to increase the capability to identify 
minor N-glycan species that may have significant biological activity. As 
shown in Fig. 1C, the relative abundance of each major glycan species 
quantified by relative percentage of area under the peak demonstrated 
that the N-glycan profiles for InstantPC, procainamide, and 2-AB are in 
reasonable agreement with very little deviation. Additionally, as shown 
in Supporting information Fig. S7 and Table S9, the reproducibility of 
the developed workflow for N-glycan analysis was high, with coefficient 
of variation (CV) at 0.083, 0.011 and 0.012 for 2-AB, procainamide and 
InstantPC label, respectively. 

We further tested the developed workflow by carrying out N-glycan 
profiling of rituximab, another genetically engineered chimeric mono
clonal antibody containing murine light and heavy chain variable region 
sequences and human constant region sequences, with a molecular size 
of approximately 145 kDa. Rituximab targets and attaches to the CD20 
antigen primarily found on the surface of both normal and malignant 
immune system B cells and is routinely used to treat adults with Non- 
Hodgkin’s Lymphoma (NHL) or Chronic Lymphocytic Leukemia (CCL) 
[53,54]. As shown in Fig. 2A and supporting information Table S7, 
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Fig. 1. N-glycan profiling from humanized 
chimeric heavy chain monoclonal antibody 
(EG2-hFc). (A) N-glycan profiles from EG2-hFc 
labelled with InstantPC, and the insert shows gly
cans labelled with InstantPC (blue), procainamide 
(red), and 2-Aminobenzamide (green), respectively 
on the same scale of fluorescent intensity. (B) 
Comparison of the fluorescence intensity area under 
the curve (AUC) of major N-glycans from EG2-hFc 
labelled with 2-Aminobenzamide, procainamide, 
and InstantPC, respectively. (C) Comparison of the 
relative fluorescence intensity abundance (AUC %) 
of major N-glycans from EG2-hFc labelled with 2- 
Aminobenzamide, procainamide, and InstantPC, 
respectively. (For interpretation of the references to 
colour in this figure legend, the reader is referred to 
the Web version of this article.)   

Fig. 2. N-glycan profiling from rituximab 
monoclonal antibody. (A) N-glycan profiles from 
rituximab labelled with InstantPC, and the insert 
shows glycans labelled with InstantPC (blue), pro
cainamide (red), and 2-Aminobenzamide (green), 
respectively on the same scale of fluorescent in
tensity. (B) Comparison of the fluorescence in
tensity area under the curve (AUC) of major N- 
glycans from rituximab labelled with 2-Aminoben
zamide, procainamide, and InstantPC, respec
tively. (C) Comparison of the relative fluorescence 
intensity abundance (AUC %) of major N-glycans 
from rituximab labelled with 2-Aminobenzamide, 
procainamide, and InstantPC, respectively. (For 
interpretation of the references to colour in this 
figure legend, the reader is referred to the Web 
version of this article.)   

Y. Xie et al.                                                                                                                                                                                                                                      



Analytical Biochemistry 623 (2021) 114205

6

similarly, the N-glycan profile for rituximab is typical for monoclonal 
antibodies produced in Chinese hamster ovary cells: predominantly 
neutral biantennary complex N-glycans with core fucose, and a rela
tively low proportion of glycans without core fucose. However, a 
noticeable difference from the EG2-hFc monoclonal antibody is that 
rituximab shows a lower level of galactosylation and a negligible 
quantity of sialic acid containing N-glycans. Additionally, as in the 
earlier analysis of EG2-hFc, the N-glycans of rituximab labelled with 
InstantPC, procainamide and 2-AB resulted in comparable well-resolved 
profiles, but with slightly different HILIC retention times and signifi
cantly different fluorescence intensities. InstantPC gave approximately 
x1.3 fold higher fluorescence intensities than procainamide, while both 
dyes gave significantly higher fluorescence intensities than 2-AB, x100 
and x31 fold enhancement, respectively. The relative abundance of each 
major glycan species quantified by relative percentage of area under the 
peak demonstrated that the N-glycan profiles for InstantPC, procaina
mide, and 2-AB are in reasonable agreement (Fig. 2A, B and 2C, and 
supporting information Table S10).  

(2) Qualitative and quantitative analysis of the glycosylation 
pattern of polyclonal antibodies 

Subsequently, we extended this workflow to more complex poly
clonal antibodies, immunoglobulin G (IgG) subclass purified from 
human serum. As shown in Fig. 3A and B, and supporting information 
Table S11, the HILIC separation of IgG N-glycans labelled with 
InstantPC, procainamide, and 2-AB resulted in well resolved peaks for 
all major glycan species. The glycan fluorescence profiles of InstantPC 
and procainamide showed comparable glycan profiles to 2-AB but gave 
significantly higher fluorescence intensity than 2-AB, approximately 
113 and 59 times, respectively. Additionally, as shown in Fig. 3C, the 

relative abundance of each major N-glycan species quantified by relative 
percentage of area under the peak demonstrated that the N-glycan 
profiles for both InstantPC and 2-AB are in reasonable agreement, with 
only slight deviations. 

As shown in Fig. 3C and supporting information Table S11, the N- 
glycan profiles labelled with 2-AB, procainamide, and InstantPC consist 
of predominantly high fucose (93.43, 94.67, and 94.42%, respectively), 
intermediate levels of galactose (43.61, 39.75, and 45.26%, respec
tively) and sialic acid (33.43, 41.59 and 33.30%, respectively) and a low 
level of GlcNAc-bisected glycan (16.17, 18.09, and 14.10%, respec
tively). This result was similar from that reported previously, where the 
levels of fucose, galactose, sialic acid, and bisected glycan are 95%, 45%, 
10% and 15%, respectively [55]. 

We noted a significantly higher level of sialylated glycans following 
InstantPC derivatization. Terminal sialic acid is vulnerable to hydroly
sis, and conventional 2-AB method for glycan derivatization usually 
takes up to 3 days for N-glycan sample preparation. It has been reported 
previously that reductive amination conditions can potentially lead to 
oligosaccharide desialylation, and this was especially significant for 
highly sialylated oligosaccharides [56]. With the introduction of the 
current improved high-throughput, high-sensitivity workflow, the time 
spent for N-glycan preparation was shortened significantly, and it is 
likely that this shortened timeframe reduces the likelihood of sialic acid 
degradation. However, sialylated glycans labelled with procainamide 
demonstrated a slightly higher relative percentage compared to the 
counterparts labelled with InstantPC and 2-AB. It is possible that pro
cainamide selectivity enriches derivatization of sialylated glycans to 
influence the observed fluorescent profile. This is currently under 
investigation and will be addressed in a separate paper. 

To further verify the N-glycan profile assignment of IgG purified 
from human serum, the 2-AB labelled N-glycans were subjected to 

Fig. 3. N-glycan profiling from polyclonal anti
bodies purified from human serum. (A) N-glycan 
profiles from human serum IgG labelled with 
InstantPC, and the insert shows glycans labelled with 
InstantPC (blue), procainamide (red), and 2-Amino
benzamide (green), respectively on the same scale 
of fluorescent intensity. (B) Comparison of the fluo
rescence intensity area under the curve (AUC) of 
major N-glycans from human serum IgG labelled with 
2-Aminobenzamide, procainamide, and InstantPC, 
respectively. (C) Comparison of the relative fluores
cence intensity abundance (AUC %) of major N-gly
cans from human serum IgG labelled with 2- 
Aminobenzamide, procainamide, and InstantPC, 
respectively. (For interpretation of the references to 
colour in this figure legend, the reader is referred to 
the Web version of this article.)   
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exoglycosidases sequential digestion (supporting information Tables S3 
and S4). As shown in Fig. 4, a variety of enzymes of α (2–3,6,8,9) Sia
lidase A, β (1–4)-Galactosidase, β (1–2,3,4,6)-N-acetylhexosaminidase 
and α (1–2,3,4,6)-Fucosidase were employed to remove N-acetylneur
aminic acid (NANA), nonreducing terminal galactose, nonreducing 
terminal N- acetylglucosamine (GlcNAc) and fucose, respectively. The 
enzymatic arrays shifted the peaks in each chromatogram predictably 
and in accordance with the assigned glycan structures. Therefore, it is 
reasonable to deduce that the N-glycan peak assignment for the human 
serum IgG is correct. The high-throughput experimental method used 
here is straightforward and user-friendly, can be adapted to any 
analytical labs without the requirement of high level of expertise and 
special instrumentation. However, as shown in supporting information 
Fig. S4, the removal of core α 1-6-linked fucose from N-glycans labelled 
with the reactive N-hydroxysuccinimide carbamate fluorescent dye of 
InstantPC is severely impeded, with M3 N-glycans with and without core 
fucose coexisting even after incubation with α (1–2,3,4,6)-Fucosidase 
for an extended period. This finding is in reasonably good agreement to 
the previous report, where another aminoquinoline fluorescent label 
was investigated. It has been suggested that the rigidity of the amino
quinoline label contributed to steric clashes within the fucosidase active 
site, considering the molecular size of the enzyme is around 
210–220 kDa [57]. It was reported that a novel broad specificity 
Omnitrophica α-L-fucosidase is capable of removing core α 1-6-linked 
fucose from N-glycans labelled with urea-linked fluorescent dye of 
such as InstantPC [58]. However, this is beyond the scope of this study, 
and will be addressed in more detail in a separate paper. 

(3) Qualitative and quantitative glycosylation analysis of com
plex biological human serum 

Many glycomics studies have focused on understanding disease 

mechanisms and identifying non-invasive human serum biomarkers for 
a wide range of diseases by monitoring alterations in protein glycosyl
ation patterns. High-throughput, high-sensitivity glycan sample prepa
ration is a prerequisite for this to be used in serum screening and 
identification of minor peaks. To this end, we extended the developed 
workflow to human serum, which is an even more complex biological 
sample, in order to test its robustness and feasibility. Individual N- 
glycan levels in total human serum protein were identified and quanti
fied from small serum samples; 1 μl with InstantPC and procainamide as 
the derivative dyes and slightly higher (5 μl) with 2-AB. As shown in 
Fig. 5 and Table 2, the HILIC separation of human serum N-glycans 
labelled with InstantPC resulted in well resolved peaks for all major N- 
glycan species, and the glycan fluorescence profiles for both InstantPC 
and procainamide show comparable N-glycan profiles to those obtained 
for 2-AB, but gave significantly higher fluorescence intensity than 2-AB, 
101 and 64 times, respectively. The relative abundance of each major 
glycan species quantified by relative percentage of area under the peak 
demonstrated that the N-glycan profiles for InstantPC, procainamide, 
and 2-AB are in reasonable agreement. 

As reported previously, in a typical human serum from healthy in
dividuals, around 165 N-glycan peaks have been identified, including 22 
sialic acids linkage isomers with different GU values from the original 
structures [59,60]. In this paper, only 28 of the most predominant 
N-glycan peaks were shown in Fig. 5. As shown in Fig. 5C and Table 1, it 
was clear that the most abundant N-glycan was A2G2S2 with bianten
nary structure; accounting to 49.50, 48.56, and 54.83% of the total 
relative abundance when being labelled with 2-AB, procainamide and 
InstantPC respectively. It was followed by A2G2S1 with the relative 
abundance at 9.70, 8.75, and 6.74% of the total relative abundance 
when being labelled with 2-AB, procainamide and InstantPC respec
tively. Whereas the major triantennary structure, A3G3S3, accounted 
for 6.4, 6.61 and 7.76% of the total relative abundance when being 

Fig. 4. Exoglycosydases sequential digestions of human serum IgG N-glycans labelled with 2-AB by using enzymes of α(2–3,6,8,9) Sialidase A, β(1–4)- 
Galactosidase, β(1–2,3,4,6)-N-acetylhexosaminidase and α(1–2,3,4,6)-Fucosidase for the removal of N-acetylneuraminic acid (NANA), nonreducing terminal 
galactose, nonreducing terminal N- acetylglucosamine (GlcNAc) and fucose, respectively. 

Y. Xie et al.                                                                                                                                                                                                                                      



Analytical Biochemistry 623 (2021) 114205

8

labelled with 2-AB, procainamide and InstantPC respectively. Addi
tionally, it is noteworthy to state that with significantly enhanced 
fluorescence sensitivity, it becomes realistic to identify and investigate 
N-glycans at very low abundance with very little human serum required 
(as little as 1 μl) with the introduction of InstantPC and procainamide. 
Consequently, it is highly possible to extend this high-throughput and 
high-sensitive N-glycan profiling to human serum or plasma to link 
significant deviations of the normal serum N-glycome to be used as 
biomarkers of specific diseases. 

4. Discussion  

(1) Streamlined high-throughput glycan sample handling in 
Glycomics 

For quantitative glycomics analysis, an efficient, reliable method for 
the release of glycans from glycoprotein or glycopeptide backbones is a 
prerequisite for their detection. In the present study, an improved 96- 
well plate format workflow for streamlined N-glycan sample prepara
tion is presented. As shown in Fig. 6 left panel, with the improvement in 
rapid in-solution glycoprotein denaturation and deglycosylation, fluo
rescent dye derivatization and 96-well plate format N-glycan purifica
tion and collection, the total N-glycan preparation time has been 
shortened significantly to less than 10 min. Compared to conventional 
N-glycan sample preparation followed by 2-AB label via reductive 
amination, which usually takes several hours or even days, this devel
oped workflow is high-throughput, robust with good reproducibility, 
and suitable for automation. 

The first key improvement was the development of fast glycoprotein 
denaturation in 3 min. It is well known that the efficiency of glycosidase 

enzymatic digestion is much higher for pre-denatured glycoproteins, 
with the direct benefits of accelerated enzymatic digestion, reduced 
enzyme consumption and complete release of all glycans [61]. Con
ventional denaturant cocktails, that include sulfhydryl reducing reagent 
such as dithiothreitol or β-mercaptoethanol, ionic detergent such as 
sodium dodecyl sulphate, and alkylating reagent such as iodoacetamide, 
possess several technical drawbacks. For example, ionic detergent is a 
potent inhibitor of glycanase and its removal can be difficult, although 
non-ionic detergent is not inhibitory and can be used in approximately 
5-fold excess to counteract the inhibitory effects of ionic detergent. Here 
the glycoprotein substrate was denatured at 90 ◦C for 3 min in the 
presence of a mild anionic surfactant as denaturant, which significantly 
enhanced both the rate and extent of enzymatic deglycosylation of 
glycoprotein without suppressing the exoglycosidase activity. 

The second key improvement was the development of novel Gly
canse (PNGase F) to allow complete and unbiased enzymatic cleavage of 
N-glycans from target glycoproteins in just 5 min with 50 ◦C incubation. 
This was tested with a variety of glycoproteins in the current study, 
ranging from small molecular size monoclonal antibody of EG2-hFc 
(80 kDa), to normal molecular size monoclonal antibody of rituximab 
(145 KDa), and then extending to the more complex polyclonal antibody 
of human serum IgG and total glycoproteins from human serum. This 
was compared to conventional deglycosylation protocol of incubating 
glycoprotein with PNGase F for an extended period of time, normally 
overnight to 24 h under 37 ◦C [62]. The higher sialic acid content that 
we observe with the rapid deglycosylation protocol is attributed to the 
shortened time during which the sialic acid suffers significantly less 
thermal degradation [63], thus ensuring a complete quantitative 
analysis. 

Finishing Reagent converts the glycosylamine produced by N- 

Fig. 5. Representative HILIC chromatogram of 
human serum N-glycan composition profiling 
with the predominant glycan structures. (A) N- 
glycan profiles from human serum labelled with 
InstantPC, and the insert shows glycans labelled 
with InstantPC (blue), procainamide (red), and 2- 
Aminobenzamide (green), respectively on the 
same scale of fluorescent intensity. (B) Comparison 
of the fluorescence intensity area under the curve 
(AUC) of major N-glycans from human serum 
labelled with 2-Aminobenzamide, procainamide, 
and InstantPC, respectively. (C) Comparison of the 
relative fluorescence intensity abundance (AUC %) 
of major N-glycans from human serum labelled with 
2-Aminobenzamide, procainamide, and InstantPC, 
respectively. (For interpretation of the references to 
colour in this figure legend, the reader is referred to 
the Web version of this article.)   
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Glycanase digestion to a glycan with a free reducing end, ready for 
labelling with 2-Aminobenzamide or procainamide via Schiff-base 
condensation [64]. The incubation time for finishing is 10 min at 
50 ◦C. The other major function of the finishing reagent is for efficient 
surfactant removal since the denaturant can be easily broken down by 
the acidic condition of the finishing reagent. InstantPC fluorescent 
derivation directly targets the functional group of glycosylamine, thus 
making the finishing reagent step unnecessary and consequently the 
experimental procedure is simplified significantly. 

The third key improvement was the introduction of InstantPC as a 
label for N-glycan fluorescent derivatization, which can achieve com
plete N-glycan derivatization in only 1 min under 50 ◦C incubation. 
InstantPC targets the transient hydrolysed glycosylamine moiety on the 

N-acetylglucosamine (GlcNAc) and can achieve ‘instant’ N-glycan 
labelling due to the introduction of an N-hydroxysuccinimide carbamate 
group by activated carbamate chemistry [65,66]. However, amine 
buffer components, such as Tris or amino acids, should be avoided to 
prevent reaction with the InstantPC dye. 

The final key improvement was the development of high-throughput 
on-matrix solid phase extraction glycan immobilisation in a 96-well 
plate format for non-stop glycan purification and derivatization. After 
enzymatic deglycosylation and derivatization, the released glycans are 
in solution containing a mixture of proteins, peptides, salts, excess 
fluorescent dyes, and possibly detergents. Therefore, it is necessary to 
carry out glycan purification to eliminate interference with the sample. 
Dialysis or microfiltration methods based on the molecular weight 

Table 2 
Human serum N-glycan profiling labelled with different fluorescent dyes.  

N-glycan 2-AB label FLR Procainamide label FLR InstantPC label FLR 

AUC (x106) AUC (%) AUC (x106) AUC (%) AUC (x106) AUC (%) 

0.07 5.5 2.67 3.14 4.78 3.57 

0.06 4.6 1.33 1.57 3.10 2.32 

0.06 4.4 2.79 3.28 4.93 3.68 

0.03 1.9 1.17 1.38 1.97 1.47 

0.02 1.2 0.85 1.00 1.27 0.95 

0.04 2.7 2.39 2.81 4.05 3.02 

0.13 9.7 7.44 8.75 9.03 6.74 

0.05 3.5 4.42 5.19 6.80 5.08 

0.65 49.5 41.31 48.56 73.44 54.83 

0.04 3.3 6.14 7.22 3.87 2.89 

0.03 2.2 3.08 3.62 1.37 1.02 

0.08 6.4 5.63 6.61 10.39 7.76 

0.07 5.1 2.13 2.50 3.56 2.66 

0.00 0.0 3.72 4.37 5.37 4.01 

Total FLR AUC 1.32 100.00 85.07 100.00 133.93 100.00 
A2G2S2 0.65 49.5 41.31 48.56 73.44 54.83 
A2G2S1 0.13 9.7 7.44 8.75 9.03 6.74 
A3G3S3 0.08 6.4 5.63 6.61 10.39 7.76 
The relative abundance of each N-glycan was calculated with the following equation: 

FLR AUC (%)= FLR AUCGlycan 1
/
sum(FLR AUCGlycans)

× 100 %   
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difference between glycans and their contaminants separate glycans 
from protein, buffer salts, or detergents. However, the major technical 
drawback is potential glycan sample loss in a time-consuming step. 

Protein precipitation by adding high concentration methanol, ethanol, 
or acetonitrile is commonly utilized as well to remove proteins from 
glycan sample mixtures. Solid phase extraction (SPE) is another efficient 

Fig. 6. Schematic workflow for 96-well plate format for N-glycan preparation and analysis incorporating express glycoprotein denaturation and deglycosy
lation, instant glycan fluorescent derivatization, and on-matrix glycan purification. Reaction scheme for glycoprotein deglycosylation and N-Hydroxysuccinimide 
(NHS) functionalized fluorephore derivatization using activated carbamate chemistry. (Created with ACD/ChemSketch and BioRender.com). 

Fig. 7. Commonly utilized reaction 
schemes for N-Glycan derivatization 
using (1) reductive amination, (2) Michael 
addition, (3) hydrazide reaction and (4) 
activated carbamate chemistry, respectively. 
(A) Selection of N-Hydroxysuccinimide 
(NHS) carbamate functionalized fluo
rophores frequently used for activated 
carbamate chemistry for instant glycan la
beling. (B) Selection of amine functionalized 
fluorophores frequently used for reductive 
amination. (C) Selection of hydrazine de
rivatives frequently used for hydrazine re
action. (Created with ACD/ChemSketch).   
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method for extracting glycans from digested mixtures according to dif
ferences in hydrophobicity [67,68]. In the present study, addition of the 
wash/load buffer of formic acid and acetonitrile precipitated the protein 
and allowed the released glycans to be eluted for the subsequent fluo
rescent labelling. Thus, the step of protein removal by centrifugation 
filter with molecular weight cut off is not necessary. As a result, this 
process eliminates the need for glycan drying prior to the fluorescent dye 
labelling step, thereby reducing total sample preparation time 
significantly.  

(2) Rational screening high-sensitivity glycan derivatization in 
Glycomics 

The released native glycans lack chromophores or fluorophores and 
are not suitable for optical detection in liquid chromatography profiling. 
Therefore, it is essential to carry out glycan derivatization with suitable 
chromophores or fluorophores to make them detectable by ultraviolet 
(UV) or fluorescence detection (FLD). Recent advances in glycan label
ling chemistry have yielded significant improvements in both labelling 
speed and analytical sensitivity. As shown in Fig. 7, a variety of strate
gies have been developed for glycan derivatization and detection by 
various types of liquid chromatography coupled with fluorescence de
tector (LC-FLD). The most commonly employed reaction is reductive 
amination or Schiff base condensation, followed by Michael addition 
and hydrazide reaction, which targets the reducing end of the glycans. 
Another approach is activated carbamate chemistry, which targets the 
glycosylamine moiety on the N-acetylglucosamine (GlcNAc) instead 
[38]. Of course, permethylation, which increases hydrophobicity, sta
bility, and ionization efficiency of glycans without introduction of either 
chromophores or fluorophores, was specifically developed for mass 
spectroscopy (MS) based glycan analysis [19,69,70]. This requires a 
higher level of expertise and dedicated instrumentation, is beyond our 
current research scope and will be addressed in a separate paper. 

Michael addition can be performed under alkaline conditions using 
reagents such as 1-phenyl-3-methyl-5-pyrazolone (PMP), avoiding the 
risk of loss of sialic acids under acidic conditions which is intrinsic to 
reductive amination reactions. However, as two PMP label molecules 
are added per glycan, the chromatographic properties of the derivatized 
glycans are dominated by the tags, which may be disadvantageous in 
isomer separation. Hydrazide reaction is another widely applied 
approach for glycan derivatization, which can achieve 100% labelling 
yield, demonstrating its efficiency and reliability for glycan analysis [38, 
71–74]. 

Currently, N-glycan derivatization with amine functionalized fluo
rophores, such as 2-Aminobenzamide (2-AB), using reductive amination 
chemistry is still the gold standard approach in glycan profiling. The 
major advantage is that 2-AB lacks negative charges and the ratio of its 
stoichiometric attachment to glycan is 1:1, allowing direct quantitation 
based on fluorescence or UV-absorbance intensity [75,76]. Additionally, 
an extensive database is available which uses the standardized elution 
positions of 2-AB labelled glycans in hydrophilic interaction liquid 
chromatography with fluorescence detection (HILIC-FLD) for structural 
assignment [47]. Procainamide utilises the same reaction scheme of 
reductive amination, but shows significantly increased fluorescence 
performance, which makes it an attractive alternative dye for glycan 
derivatization without the need for extensive workflow optimization 
[51,52], yet at an affordable price. Additionally, a database for struc
tural assignments of procainamide labelled glycans based on standard
ized elution positions has also been developed [47]. 

InstantPC was rationally designed to combine the strong fluores
cence intensity of 6-Aminoquinolyl-N-hydroxysccinimidyl carbamate 
(AQC), procaine, or procainamide and the ionization benefits of a ter
tiary amine [77–80], as well as the rapid (or “instant”) derivatization 
provided by activated carbamate chemistry [66,81]. Additionally, the 
entire workflow of using InstantPC is simple and user-friendly. For a 
glycobiological laboratory already well established and equipped to use 

reductive amination technology, there is no extensive work to be carried 
out for protocol optimization and cross-validation to switch to these 
technologies. Furthermore, albeit via different chemical reaction 
mechanism and targeting different glycan functional groups, InstantPC 
and procainamide share structural similarity, both possessing the ter
tiary amine group which contribute to improved ionization during mass 
spec and consequently increased MS signal intensity in positive mode (as 
shown in Table 1 and Figs. 6 and 7). Therefore, InstantPC should hold 
the potential of enhanced MS intensity at similar magnitude as procai
namide. It has been shown that InstantPC demonstrated comparable MS 
response to Waters RapiFluor and superior MS response to procainamide 
(2.4–5 fold enhancement) [81,82]. 

Of course, there are some drawbacks for using InstantPC. Since the 
rapid labelling chemistry only works with released glycosylamine which 
is an unstable intermediate, longer glycoprotein deglycosylation and 
labelling step may compromise the labelling efficiency. At the same 
time, the present limited commercial availability of InstantPC dye 
labelled glycan standards make it difficult for glycan assignment and 
quantification without a detailed database for the labelled glycans. 
However, due to its great potential for high-throughput, high-sensitivity 
N-glycan profiling, the developed workflow featuring InstantPC glycan 
derivatization, we believe will attract significant future interest for both 
pharmaceutical quality control and biomedical research. 

5. Conclusion 

In the current study, we present glycosylation data from the use of a 
high-throughput, high-sensitivity platform for N-glycan composition 
analysis. This features streamlined express glycoprotein denaturation 
and deglycosylation, and instant N-glycan derivatization and purifica
tion, all in a 96-well plate format. It is highly sensitive and reliable, and 
has been successfully used to carry out N-glycan composition analysis 
for recombinant monoclonal antibodies of EG2-hFc and rituximab pro
duced from Chinese hamster ovary cells, polyclonal antibodies immu
noglobulin G (IgG) subclass purified from human serum, as well as more 
complicated biological human serum samples. This workflow is simple 
enough to be implemented into a straightforward user-friendly setup 
without the requirement of complicated instrumentation like mass 
spectrometer (MS). Additionally, it is flexible and potentially suitable for 
automated handling systems if required. This platform holds the po
tential to be used for rapid glycan analysis of biopharmaceuticals as well 
as for disease diagnosis in a clinical setting where there are considerable 
advantages for sensitive and reliable strategies for high throughput 
glycomics analysis. 
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