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A cross-linked polymer possessing a high density of
hydrazide groups: high-throughput glycan purification
and labeling for high-performance liquid
chromatography analysis

Midori Abe1, Hideyuki Shimaoka1, Masao Fukushima1 and Shin-Ichiro Nishimura2

Previously, we communicated that rapid and efficient purification of carbohydrates can be achieved by employing sugar-specific

chemical ligation with hydrazide-functionalized polymer beads; we termed this process ‘glycoblotting’. The polymer beads are

designed to recover carbohydrates by an imine exchange reaction in which hydrazone bonds between the beads and

carbohydrates are transferred to oxime bonds between the aminooxy probe and the carbohydrates. To apply our concept to

reductive amination with common fluorescent dyes, such as 2-aminobenzamide, the method for releasing the carbohydrates

from the beads was examined, and we found that heating the beads with several percentages of acetic acid was efficient.

Additionally, we obtained fundamental data on our novel method, such as the recovery ratio, the quantitative capability and the

reproducibility. From the results, we concluded that rapid and accurate glycan analysis can be achieved with this novel method.

Overall, these novel technologies represent a significant advance toward more efficient glycan analyses, especially by using

high-performance liquid chromatography.
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INTRODUCTION

Glycosylation is a common post-translational modification of pro-
teins. Most proteins are linked to glycans1,2 which adjust the functions
of these proteins for specific purposes by changing the protein folding,
targeting, ligand recognition, binding, stability, immunogenicity and
biological activity.3–5 Thus, glycans are now attracting much attention
for a variety of biotechnology applications, including biomarker
discovery and post-translational modification of therapeutic pro-
teins.6–9 It is well known that glycoproteins could be good tumor
markers. For example, a-fetoprotein, prostate-specific antigen and
carcinoembryonic antigen, which are cancer markers that are widely
used in clinical applications, are types of glyco-markers.10–15 Glycans
also have important roles in therapeutic proteins. Accordingly, the
evaluation of glycans as a quality control parameter for glycoprotein-
based drugs is extremely important. This is particularly true in the
field of antibody-based drugs; it has been reported that the glycan
structure determines the antibody-dependent cellular cytotoxicity
activity of such drugs, thus the structural analysis of the glycan is
important.16,17

Accordingly, techniques for analyzing glycan structure in a rapid,
simple and precise manner have recently become very desirable.

Glycan analyses are currently conducted using a wide variety of
methods, including high-performance liquid chromatography
(HPLC), nuclear magnetic resonance spectroscopy, capillary electro-
phoresis and mass analysis, among other techniques. To analyze
glycans with these techniques, it is necessary to first isolate and purify
the glycan from impurities, such as proteins, peptides, lipids and
nucleic acids, contained in biological samples. Although HPLC and
capillary electrophoresis have widely been adopted by virtue of their
excellent resolution, good reproducibility, good quantification and
high sensitivity, it is necessary to first label the reducing end of the
glycan to obtain high sensitivity, and this is typically carried out by
reductive amination. However, such purification and labeling of the
glycan requires time and a significant number of process steps, so it is
difficult to prepare a large amount of sample at one time.
Recently, Royle et al.18 have reported a method for glycan purifica-

tion and labeling with 2-aminobenzamide (2-AB), which is one of the
most widely used labels for HPLC analyses, with their in-gel block
method. Their method is based on a 96-well plate format and enables
high-throughput processing. However, their method is limited to a
pretreatment method to release glycan from the glycoprotein. There-
fore, their method does not accommodate samples that have
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been pretreated by other methods, such as trypsin treatment or
hydrazinolysis.
Previously, we communicated that the rapid and efficient purifica-

tion of glycans can be achieved by employing sugar-specific chemical
ligation with hydrazide-functionalized polymers beads (termed ‘glyco-
blotting’19). With this technology, impurities such as salts, peptides,
proteins and detergents can be completely removed. The polymer
beads are designed to recover glycans by an imine exchange reaction in
which hydrazone bonds between the beads and carbohydrates are
transferred to oxime bonds between an aminooxy probe and the
carbohydrate. Although this method has a great advantage in rapid
glycan purification, this kind of labeling is limited in that the labeling
of glycans with common fluorescent dyes, such as 2-AB,20,21

2-aminobenzoic acid (2-AA),20 and 2-aminopyridine (2-AP),22,23

which are useful for HPLC analysis, was not used in our previous
technology. Therefore, it is impossible to compare the results obtained
using ‘glycoblotting’ to individually accumulated data or existing
databases, and thousands of hours and a great deal of effort would
be required to obtain new data. Thus, our technology was further
applied to the reductive amination with 2-AB, 2-AA and 2-AP. With
the method described here, glycans are readily purified and labeled
with amino compounds in the same reaction tube. Because our novel
method is simple and does not require any special skills, rapid and
accurate glycan analysis is readily provided. This work demonstrates
that our novel technology is extremely useful as a pretreatment
method for HPLC and liquid chromatography-mass spectrometry
(LC-MS) analyses.

EXPERIMENTAL PROCEDURE

Materials
Bovine immunoglobulin (Ig)G, trypsin and sodium cyanoborohydride were

obtained from Sigma-Aldrich (St Louis, MO, USA). Ammonium bicarbonate,

dithiothreitol, 2-iodoacetamide, hydrochloric acid (HCl), acetic acid, acetoni-

trile (ACN), guanidine, triethylamine, methanol, acetic anhydride, 2-AB,

dimethylsulfoxide, 2-AP, dimethylamineborane, formic acid and ammonia

solution were purchased from Wako Pure Chemical Industries (Osaka, Japan).

N-glycosidase F (PNGase F) was obtained from Roche Applied Science

(Penzberg, Germany). NA2 and 2-AB-labeled NA2 were obtained from

ProZyme (Hayword, CA, USA), and maltoheptaose was obtained from

Seikagaku Biobusiness Corporation (Tokyo, Japan).

Synthesis
Preparation of a hydrazide-functionalized glycoblotting polymer (hydrazide

beads). The polymer synthesis was performed according to the method of

Furukawa et al. using suspension polymerization.19 The beads are commercially

available from Sumitomo Bakelite (Tokyo, Japan) as BlotGlyco.

Sample preparation
Preparation of crude glycan mixtures from model glycoprotein. Bovine IgG

(1mg) was added to 50ml of 100mM ammonium bicarbonate and 5ml of
120mM dithiothreitol and incubated at 60 1C for 0.5 h. Then, 10ml of 123mM

2-iodoacetamide in water was added, and the mixture was allowed to stand at

ambient temperature for 1 h. Subsequently, 10ml (400U) of trypsin dissolved in

0.1M HCl was added and incubated at 37 1C for 1 h, followed by heat

denaturation at 90 1C for 5min. Finally, 5U of PNGase F was added and

incubated at 37 1C for 12h. The total volume was brought to 100ml with water.

To compare our method to ethanol precipitation, IgG was pretreated by only

using PNGase F (not containing protein fragmentation treatment). IgG (1mg)

was added to 50ml of 100mM ammonium bicarbonate and 5U of PNGase F,

followed by incubation at 37 1C for 12h. The total volume was brought to

100ml with water.

Capture of glycans by the hydrazide beads. In a disposable filter tube, 20ml of
the sample solution (including glycans) and 180ml of 2% acetic acid/ACN were

added to 5mg of the hydrazide beads and incubated at 80 1C for 0.5 h while

keeping the tube lid open. Then, the beads were washed with 2M guanidine,

water, 1% triethylamine/methanol and methanol to remove nonspecifically

bound impurities. After washing, the beads were treated with 10% acetic

anhydride/methanol for 0.5 h at ambient temperature to quench the hydrazide

groups. The beads were then washed with methanol and water.

Release of glycans from the hydrazide beads. In the filter tube, 20ml of water
and 180ml of ACN with various concentrations of acetic acid were added to the

beads and incubated at 70 1C for 1.5 h, keeping the lid open to release the

glycans attached to the beads.

2-AB labeling of the released glycans. After releasing the glycans from the

beads, 50ml of the labeling reagent (0.35M 2-AB, 1M sodium cyanoborohy-

dride in dimethylsulfoxide-acetic acid (70:30, v/v)) was added to the beads in

the filter tube and incubated at 60 1C for 2 h while keeping the tube lid open.20

The 2-AB-labeled glycans were then separated from the excess reagent using

silica gel columns as follows. The columns were conditioned with 200ml of
water and 200ml of ACN. The 2-AB-labeled glycan solutions were diluted 20

times with ACN and passed through the columns. Then, the columns were

washed with 400ml of ACN three times and 400ml of 95% ACN/water three

times, and the 2-AB-labeled glycans were eluted with 50ml of water.
For an optimization study of glycan release, the 2-AB labeling was

performed in a 1.5-ml reaction tube, rather than on beads. Model glycans

(bovine IgG containing B2 nmol of N-type glycans) were captured by the

hydrazide beads as described above. After sequential washing and capping of

the remaining hydrazide groups, the glycans immobilized on the beads were

released by treatment with ACN solutions containing various concentrations of

acetic acid (0, 0.1, 1, 2, 5, 10 and 20% acetic acid). To the beads, 50ml of water
was added and recovered by centrifugation. The recovered solution contained

glycans released from the beads and was evaporated to dryness using a vacuum

centrifugal evaporator. The recovered solution was labeled with 2-AB.

2-AP labeling of the released glycans. After releasing the glycans from the

beads, 30ml of the labeling reagent (552mg of 2-AP dissolved in 200ml of acetic
acid) was added to the beads in the filter tube and heated to 90 1C for 1 h,

keeping the tube lid open.23–25 After completion of the coupling reaction,

110ml of reducing reagent was added. The reducing agent was freshly prepared
by dissolving 200mg of dimethylamineborane complex in 50ml of H2O and

80ml of acetic acid. The pyridylamino derivatives of glycans were purified by

silica gel columns as follows. The columns were conditioned with 200ml of
water and 200ml of ACN. The 2-AP-labeled glycan solutions were diluted 10

times with ACN and passed through the columns. Then, the columns were

washed with 400ml of ACN three times and 400ml of 95% ACN/water three

times, and the 2-AP-labeled glycans were eluted with 50ml of water.

2-AA labeling of the released glycans. After releasing the glycans from the

beads, 50ml of labeling reagent (0.35M 2-AA, 1 M sodium cyanoborohydride in

dimethylsulfoxide-acetic acid (70:30, v/v)) was added to the beads in the filter

tube and incubated at 60 1C for 2 h (keeping the tube lid open), and the 2-AA-

labeled glycans were then separated from excess reagent with silica gel columns

as follows.20 The columns were conditioned with 200ml of water and 200ml of
ACN. The 2-AA-labeled glycan solutions were diluted 20 times with ACN and

passed through the columns. Then, the columns were washed with 400ml of
ACN three times and 400ml of 95% ACN/water three times, and the 2-AA-

labeled glycans were eluted with 50ml of water.

Purification of bovine IgG glycans by ethanol precipitation. In this step, 200ml
of chilled ethanol was added to 60ml of the deglycosylated bovine IgG solution

(without protein fragmentation) and centrifuged (10 000�g) for 10min. The

supernatant was decanted and evaporated to dryness using a vacuum centri-

fugal evaporator. The recovered glycans were dissolved in 60ml of pure water.

Measurements
HPLC systems and conditions. HPLC separations were performed on a 2695

Alliance separation module (Waters, Milford, MA, USA) equipped with a
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Waters temperature control module and a Waters 4775 fluorescence detector. All

HPLC systems were controlled via Waters Empower software. The HPLC

analysis was performed using a TSK-GEL Amide-80 column (4.6mm�250mm,

TOSOH, Tokyo, Japan) with a gradient of 50mM ammonium formate adjusted

to pH 4.4 (buffer A) and ACN (buffer B) at 30 1C. A linear gradient was run

from 20 to 58% buffer A over 150min (at a flow rate of 0.4mlmin�1).

Additionally, HPLC was performed using an Asahi Shodex NH2P-50 4E column

(4.6mm�250mm, Showa Denko, Tokyo, Japan) with a gradient of 2% acetic

acid in ACN (buffer A) and 5% acetic acid in water containing 3% triethylamine

(buffer B) at 40 1C. The column was initially equilibrated and eluted with 30%

buffer B for 2min, at which point the concentration of buffer B was increased to

95% over 80min (at a flow rate of 1.0mlmin�1). Detection was performed by

fluorometry at lex¼330 nm and lem¼420nm (for 2-AB-labeled glycans),

lex¼360 nm and lem¼425 nm (for 2-AA-labeled glycans), and lex¼320nm

and lem¼400 nm (for 2-AP-labeled glycans).

Matrix-assisted laser desorption ionisation time-of-flight MS (MALDI-TOF

MS). All measurements were performed using an Autoflex III TOF/TOF

mass spectrometer equipped with a reflector and controlled by the FlexControl

2.1 software package (Bruker Daltonics GmbsH, Bremen, Germany). In

MALDI-TOF MS reflector mode, ions generated by a pulsed ultraviolet laser

beam (nitrogen laser, l¼337 nm, 5Hz) were accelerated to a kinetic energy of

23.5 keV. Masses were automatically annotated with the FlexAnalysis 2.0

(Bruker Daltonik, Bremen, Germany) software package. External calibration

of MALDI mass spectra was carried out using singly charged monoisotopic

peaks of a mixture of human angiotensin II (m/z 1046.542), bombesin (m/z

1619.823), adrenocorticotropin (18–39) (m/z 2465.199) and somatostatin 28

(m/z 3147.472). All measurements were performed as follows: 1ml of the

sample solution was mixed with 1ml of 2,5-dihydroxybenzoic acid (DHB)

(10mgml�1 in 30% ACN), and 1ml of the resulting mixture was subjected to

MALDI-TOF mass analysis.

LC-MS systems and conditions. HPLC separations were performed on an LC-

MS-IT-TOF (Shimadzu Corporation, Kyoto, Japan) equipped with a LC-3AD

solution pump, a DGU-20A3 degasser, an SIL-30AC autosampler, a CTO-20AC

column oven and RF-20AXS fluorescence detectors. All HPLC systems were

controlled via a CBM-20A system controller. HPLC was performed using an

Aquity UPLC BEH Glycan 1.7mm (2.1mm�150mm, Waters) with a gradient of

0.5% formic acid aqueous solution (buffer A) and 0.5% formic acid ACN solution

(buffer B) at 40 1C. A linear gradient was run from 27 to 40% buffer A over

25min (at a flow rate of 0.4mlmin�1). All MS analyses were performed using

electrospray ionization in the positive ion mode with a probe voltage of 4.5 kV, a

CDL temperature of 200 1C, a nebulizing gas flow of 1.5 lmin�1, a drying gas

pressure of 0.1MPa and a m/z scan range of 500–2500. External calibration of the

MALDI mass spectra was carried out using sodium trifluoroacetate.

RESULTS AND DISCUSSION

The general strategy employed in this study is outlined in Figure 1.
The fundamental concept is based on previous reports.19,26–32 Glyco-
proteins were purified and labeled with the hydrazide beads. At first,
glycoproteins are pretreated to deglycosylate them by using enzymatic

or chemical methods, and the released glycans are captured by the
hydrazide beads through a hydrazone bond. The impurities contained
in the glycan samples are completely removed by the subsequent
washing steps, and the remaining hydrazide groups are quenched.
Then, the glycans immobilized on the beads are released and labeled
with the appropriate tags by reductive amination. This series of
manipulations is performed in the same tube.
First, the method of glycan release was examined. The releasing

reaction was performed while keeping the lid of the spin tube open to
dry the beads. This served to raise the reaction yield and dry the
released glycans for the subsequent labeling reaction. By releasing and
drying the glycans in parallel, the operation time was reduced, and
glycan labeling proceeded reproducibly. Figure 2 shows the efficiencies
of the different concentrations of acetic acid for the release of the
glycans from the hydrazide beads. Model glycans (bovine IgG) were
treated with the hydrazide beads as described above. The 2-AB-labeled
glycans were analyzed by NP-HPLC (Asahi Shodex NH2P-50 4E
column) according to the method of Komoda et al.33 When the
concentration of acetic acid was less than 1%, the releasing ratio
decreased significantly. The ratio reached a maximum between 2 and
10% acetic acid and began to decrease at levels greater than 10%. In
contrast, the loss of sialic acid residues occurred as the concentration
of acetic acid was increased (data not shown). Consequently, we

Figure 1 General strategy for the purifying and labeling of the glycans using the hydrazide beads. (a) Pretreatment of glycoproteins. (b) Capture of released

glycans and removal of impurities. (c) Quenching of hydrazide groups. (d) Release of the glycans and labeling of the released glycans. All manipulations are

performed in the same tube. A full color version of this figure is available at Polymer Journal online.

Figure 2 Efficiencies of different concentrations of acetic acid for releasing

the glycans from the hydrazide beads. The immobilized glycans were

released by reaction with various concentrations of acetic acid. After
2-aminobenzamide (2-AB) labeling, the released glycans were analyzed by

HPLC. The vertical axis is the total peak area of 2-AB-labeled glycans, and

the horizontal axis is the acetic acid concentration. A full color version of

this figure is available at Polymer Journal online.
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adopted 2% acetic acid as the reaction condition. Additionally,
cleavage of sialic acid residues was observed to occur as the reaction
temperature was raised. However, the time to dry the beads increased
with decreasing reaction temperature (data not shown). As a result, we
adopted the following reaction conditions for glycan release: 20ml of
water and 180ml of 2% AcOH/ACN were added to the beads in the
filter tube and incubated at 70 1C for 1.5 h, keeping the tube lid open.
These reaction conditions accomplished the release of the glycans with
a high recovery ratio (to be discussed below) and low sialic acid
elimination (o5%, data not shown).
The feasibility of combining the hydrazide beads and 2-AB labeling

was evaluated using bovine IgG. Obtained glycans were analyzed using

HPLC and MALDI-TOF MS. HPLC analyses were performed using an
NP-column (amide-80) according to the method of Royle et al.34

Glycan profiles obtained from HPLC analyses were calibrated against
a 2-AB-labeled dextran ladder and assigned glucose unit (GU) values
by fitting a polynomial distribution curve to allocate the glucose unit
from retention times.34 Glycan structures were assigned using the
database ‘Glycobase,’ which contains the experimental HPLC elution
positions for 2-AB-labeled glycans expressed in the form of glucose
unit values, as well as predicted products and MALDI-TOF MS
results.35 Figure 3 shows the HPLC (A) and MALDI-TOF MS (B)
profiles. Almost all molecular weights were detected as the sodium
adduct ions (M+Na)+ in the MALDI spectrum. As expected, bian-

Figure 3 The 2-aminobenzamide-labeled glycans obtained by our novel method were detected by high-performance liquid chromatography (HPLC) and
matrix-assisted laser desorption ionisation time-of-flight mass spectrometry (MALDI-TOF MS). (a) HPLC analysis was performed using an NP-column, and

peaks were assigned glucose unit values by comparison with a standard dextran ladder. Only the major structures are shown in structural detail. (b) MALDI-

TOF MS analysis was performed in reflection mode. All molecular weights represent monoisotopic masses of the respective [M+Na]+ ions of glycan species.

Gal, galactose; GlcNAc, N-acetylglucosamine; Fuc, fucose; Man, mannose; NeuGc, N-glycolylneuraminic acid (N-glycolylsialic acid). A full color version of

this figure is available at Polymer Journal online.
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tennary complex glycans with gal (0, 1, and 2) and core fucose were
strongly detected by HPLC and MALDI-TOF MS. The glycans
containing N-glycolyl sialic acid, which exist in bovine and porcine
samples but not normally in human36–38 samples, were detected by
HPLC analysis. These sialoglycans were not detected by MALDI-TOF
MS analysis because losses of sialic acid occurred during the MALDI-
TOF MS analysis. These results demonstrated that 2-AB-labeled
glycans were obtained using our novel method and that purification
and labeling of glycans could be performed in the same single vessel
without complicated operations. This novel method only requires
solution dispensing and centrifugation.
The method described here was compared with ethanol precipita-

tion, which is an effective method for removing proteins from glycans.
Bovine IgG deglycosylated only by PNGase F was purified using
ethanol precipitation and our novel method and labeled with 2-AB
as described above. The 2-AB-labeled glycans obtained were analyzed
by HPLC using an NP-column (Shodex-NH2). Figure 4 shows the
HPLC profiles. The ethanol precipitation method yielded the same
glycan pattern and recovered the same amount of glycan as our
method. This result indicates that the novel method presented here is
comparable to ethanol precipitation, and no selective losses of
particular types of glycans were associated with our novel method.
Additionally, it is difficult to remove low-molecular-weight species,
such as peptides and detergents, from glycans by ethanol precipitation
due to the water solubility of these molecules. This is problematic
because most glycoproteins require peptide fragmentation or dena-
turation by detergents to accomplish complete deglycosylation.39

In contrast, our novel method enables the removal of all impurities,
including such peptides and detergents. Because glycans are captured
on bead surfaces using the chemical reactivity of the glycans’ reducing
ends, the method makes possible a complete wash to remove all
impurities in glycan samples. This indicates that our novel method has
substantial advantages in the purification and labeling of glycans
included in every biological sample.
The question of the fraction of glycans recovered and labeled was

addressed by two different experiments. First, commercially available
10mM NA2 was treated with the hydrazide beads as described above,

and 10ml of the obtained 2-AB-labeled NA2 was analyzed by HPLC.
In parallel, 10 pmol of commercially available 2-AB-labeled NA2 was
also analyzed by HPLC as a glycan standard to calculate the recovery
ratio. The recovery ratio was also confirmed using samples that
contained impurities, such as salts, peptides and EDTA. The NA2
sample was spiked in bovine IgG solution pretreated with DTT,
trypsin and PNGase F, and the mixed solution was hydrazide beads
treated as described above. The recovery ratio of NA2 was estimated in
the same way as that of the commercially available NA2. Because the
IgG solution itself contained small amounts of NA2, the recovery ratio
was calculated after determining the NA2 from the IgG glycan
measurement. Table 1 shows the peak area and recovery ratio of
NA2 obtained from each experiment. For the IgG-containing sample,
the peak area of the recovered NA2 shown in Table 1 has been adjusted
for the NA2 contained in the IgG itself. The glycan recovery ratio from
the sample containing only pure glycan was 74.5%, whereas the ratio
was 72% for the sample containing many impurities. These results
demonstrated that the glycan recovery ratio of our novel method was
B70%, regardless of the sample condition.
The quantitative capability of our novel method was confirmed

using various concentrations of maltoheptaose solution (between 0.1
and 50mM). Each maltoheptaose solution consisted of hydrazide
beads and was treated as described above and was analyzed by
HPLC using an NP-column (Amide-80). The correlation between

Figure 4 High-performance liquid chromatography profiles of the results of ethanol precipitation (a) and the novel method (b). The methods were compared

using bovine immunoglobulin G deglycosylated only by PNGase F. (c) The amounts of glycan recovered from each method were also compared. The vertical

axis is the total peak area of 2-aminobenzamide-labeled glycans, and the horizontal axis is the pretreatment method. A full color version of this figure is

available at Polymer Journal online.

Table 1 The peak area and recovery ratio of NA2 obtained from each

experiment

HPLC peak area of NA2

BlotGlyco Standard Recovery ratio (%)

Pure NA2 5.0E+06 6.7E+06 74.5

NA2 spiked in IgG 4.9E+06 6.7E+06 72.7

Abbreviations: HPLC, high-performance liquid chromatography; IgG, immunoglobulin.
The recovery ratio was estimated with reference to the results of standard 2-aminobenzamide
NA2. In the case of IgG-containing samples, the peak area of recovered NA2 shown in this
table has been adjusted for the NA2 peak area included in the IgG itself.

Hydrazide beads for high-throughput glycan analysis
M Abe et al

273

Polymer Journal



the peak area and the concentration of maltoheptaose was verified. As
shown in Figure 5, the peak area from maltoheptaose increased with
rising concentration. The peak increased linearly from 0.1mM to 5mM;
however, the recovery ratio gradually decreased. This is attributed to
the fact that the amount of maltoheptaose was close to the amount of
hydrazide groups possessed by the hydrazide beads. However, the

results showed that our novel method enables quantitative analyses
over a wide range of glycan concentrations (between 0.1mM and
5mM). Furthermore, quantitative capability was confirmed using
solutions containing two kinds of glycan. Glycans of two different
types were mixed in various ratios (100:1, 50:1, 10:1 and 1:1) and
treated with the hydrazide beads as described above. The 2-AB-labeled

Figure 5 The correlation between peak area and concentration of maltoheptaose was verified. The vertical axis is the total peak area of 2-aminobenzamide-

labeled maltoheptaose, and the horizontal axis is its concentration. (a) Overall view of results. (b) Close-up between 0.1mM and 5 mM of maltoheptaose.

(c) Close-up between 0.1 and 10mM. A full color version of this figure is available at Polymer Journal online.

Figure 6 The reproducibility of the described technique was investigated by analysis of bovine immunoglobulin G N-glycans in three separate experimental

trials (n¼3 for each trial). (a) The recovery amount of 2-aminobenzamide (2-AB)-labeled IgG glycans on each assay was calculated and graphed. The vertical

axis is the total peak area of 2-AB-labeled glycans. (b) The peak patterns within each assay were compared using the results from day 1. The vertical axis is

the peak ratio of each glycan, and the horizontal axis is the number of peaks. (c) The peak patterns between assays were compared using the first result on

each day. The vertical axis is the peak ratio of each glycan, and the horizontal axis is the number of peaks. A full color version of this figure is available at

Polymer Journal online.
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glycans were detected using HPLC. Consequently, it was confirmed
that the mixed glycans were captured and 2-AB labeled by the beads
while maintaining their ratio in the original mixture (data not shown).
Using the hydrazide beads, glycans released from 1mg of glycopro-

tein applied to the beads was always sufficient to obtain at least a glycan
profile by HPLC. The reproducibility of the described technique was
investigated by analysis of bovine IgG N-glycans in three separate
experimental trials (n¼3 for each trial). Each experiment included
capturing glycans, capping hydrazide groups, releasing the immobilized
glycans, and 2-AB labeling. The relative abundance of each glycan and
the recovery amounts were compared. The within-assay coefficient of
variation for glycan recovery varied from 2.9 to 3.8%, and the between-
assay coefficient of variation was on the order of 7.0% (Figure 6a and
Table 2). When considering the relative ratios, the within-assay
coefficient of variation varied from 0.5 to 10.6%, and the between-
assay coefficient of variation varied from 0.7 to 16.7%. Furthermore,
both types of relative ratio CVs were lower (o10%) for glycan species
whose relative proportion was 40.5% (Figures 6b and c and Table 3).
Purified and 2-AB-labeled glycans produced using our novel method

were analyzed by LC-MS (LCMS-IT-TOF, Shimadzu Corporation). The
total ion chromatogram exhibited a similar shape to that obtained with
fluorescence detection (Figure 7). Impurities lacking a fluorescing sub-
stance, such as peptide and protein, were not detected. This indicated
that all impurities included in the glycan samples were completely
removed using our method. In particular, the isolation of glycans from
peptide-included samples is difficult because the molecular weights of the
peptides are similar to those of the glycans, and some peptides have a
water affinity similar to that of the glycans. This result demonstrated that
our novel method is useful to purify glycans from any sample.
Our novel method was applied to other general labeling processes,

such as 2-AP and 2-AA labeling. Glycans from bovine IgG were
captured using the hydrazide beads and released as described above.
The obtained glycans were analyzed using HPLC (Asahi Shodex
NH2P-50 4E column). Consequently, the glycans attached to each
tag were clearly detected by HPLC. As noted in Figure 8, a pattern
similar to that of the 2-AB-labeled IgG glycans was observed from the
results using both tags. This indicates that our novel method works
with labeling accomplished by reductive amination.

Table 3 The relative ratio and the CV values of each peak as shown in

Figures 6b and c

Within assay Between assay

Peak# AVG s.d. CV AVG s.d. CV

1 0.1 0.0 3.8 0.1 0.0 3.9

2 0.3 0.0 4.8 0.3 0.0 5.1

3 1.5 0.0 3.1 1.6 0.1 4.0

4 11.2 0.2 1.5 11.2 0.2 1.7

5 4.8 0.1 1.7 4.8 0.1 2.2

6 38.2 0.2 0.5 38.1 0.3 0.7

7 3.4 0.1 2.1 3.4 0.2 4.7

8 28.8 0.2 0.6 28.8 0.2 0.7

9 0.7 0.0 3.1 0.7 0.0 2.9

10 0.2 0.0 1.0 0.2 0.0 6.0

11 0.1 0.0 6.2 0.1 0.0 7.3

12 0.1 0.0 4.7 0.1 0.0 11.0

13 0.3 0.0 10.6 0.3 0.1 16.7

14 0.7 0.0 1.1 0.7 0.0 1.3

15 1.2 0.0 2.1 1.2 0.0 3.8

16 0.6 0.0 2.0 0.6 0.1 8.6

17 4.3 0.1 2.7 4.3 0.1 3.5

18 0.6 0.0 1.4 0.6 0.0 1.4

19 1.0 0.0 3.2 0.9 0.0 2.6

20 0.4 0.0 2.7 0.4 0.0 2.1

21 0.6 0.0 7.8 0.6 0.0 5.1

22 0.9 0.1 5.6 0.9 0.0 5.4

Abbreviation: AVG, average; CV, coefficient of variation.
The unit of all values is %.

Table 2 The CV values of recovery amount as shown in Figure 6a

Day 1 Day 2 Day 3

Average of total peak area 1.1�107 1.2�107 1.3�107

Within-assay CV (%) 2.9 3.4 3.8

Between-assay CV (%) 7.0

Abbreviation: CV, coefficient of variation.
The first line in this table shows the average of the total peak area on each day, the second line
shows the within-assay CV values and the third line shows between-assay CV values.

Figure 7 Liquid chromatography-mass spectrometry results of glycans released from bovine immunoglobulin G and treated with the hydrazide beads. (a) The

fluorescent detection chromatogram. (b) The total ion (TIC) chromatogram.
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This paper has shown that intact glycans can be recovered and
labeled with fluorescent tags, such as 2-AB, 2-AA and PA, with
polymer beads possessing a high density of hydrazide groups. This
technology offers a number of important advantages. First, the entire
analysis (from the purification of the released glycans) can be
performed in just 1 day without tedious operations. Additionally,
our technology does not limit the method for glycan release because
the technology is based on the chemoselective capturing of glycans,
and all impurities are removed by the subsequent wash. This means
that the method can accommodate a wide range of glycan samples,
including various impurities such as salts, peptides and detergents. In
addition, several samples can be processed in parallel. It can therefore
be envisaged that large numbers of glycan samples could be investi-
gated in a short time. We also developed a 96-well plate format
protocol to accomplish high-throughput glycan purification and
labeling. This system is amenable to automation and will make a
significant contribution to the quality control of glycoprotein phar-
maceuticals and large-scale biomarker discovery. A novel protocol
focused on quality control for antibody drug processing is currently
under development. Our hydrazide bead method holds the promise of
becoming a standard method in the future owing to its high
throughput capability, reproducibility and accuracy of glycan analysis.
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