
APPLICATION INFORMATIONAPPLICATION INFORMATION

Introduction
Complex carbohydrates are integral components of
glycoproteins that play vital functional roles in bio-
logical systems. Glycoproteins are involved in cell
stability and adhesion, antibody recognition, and
microorganism binding and serve as cell-surface
markers.(1-2) The assessment of oligosaccharide
microheterogeneity is an important analytical task
in immunology, modern biomedical technology and
food products.

Glycoprotein glycosylation is divided into two
classes, referred to as N- and O-glycosylation. The
best studied mode of glycosylation is the formation
of an N-glycosidic linkage to asparagines in the
polypeptide chain. O-glycosylation occurs at serine
and/or threonine residues in the polypeptide chain
and tends to be shorter and simpler structure than
N-linked. Variations in N-linked sugars create dif-
ferent glycoforms that play an important role in
bioactivity and immunogenicity. Microheterogeneity
of glycosylation sites is important in many proper-
ties of therapeutic proteins including structure
analysis, solubility, stability, and protease resist-
ance.(3-4) The importance of the glycan structure in
therapeutic use of monoclonal antibodies is well
documented.(5)

A whole branch of glycobiology is involved in
releasing oligosaccharides from glycoproteins for
their subsequent separation and characterization.
Profiling and quantitative analysis of glycans
has been performed with gas chromatography,(6)

anion-exchange chromatography,(7) size-exclu-
sion chromatography,(8) and high-concentration
polyacrylamide gel electrophoresis.(9-10) Mass
spectrometry(11-12) and nuclear magnetic reso-
nance spectroscopy(13-14) are indispensable tools
for the structural analysis of carbohydrates.
Capillary electrophoresis (CE) and capillary
gel electrophoresis have been widely used for
complex carbohydrate separation(15-16) because
of enhanced separation efficiency and shorter
analysis times. CE-based carbohydrate analysis
can be applied easily to determine molar ratio,
degree of polymerization of oligosaccharides,
and to detect changes in the extent or nature of the
oligosaccharide distribution (fingerprinting). 

This application bulletin describes the isolation,
separation, and profiling analysis of complex
oligosaccharides by CE using the ProteomeLab™

PA 800 Protein Characterization System. A typical
recombinant monoclonal antibody, mouse IgG2,
was analyzed for N-linked carbohydrates. 
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Background
An illustration of the step-by-step process for
preparing recombinant mouse IgG2 for analysis is
shown in Figure 1. Below is a description of the
steps in this process.

The first step in the analysis of N-linked glyco-
proteins begins with the release of oligosaccharades
from glycoproteins by enzymatic or chemical reac-
tion. Peptide-N-glycosidase F (PNGase F) is one of
the most widely used enzymes for the deglycosyla-
tion of glycoproteins. PNGase F is an amidase
which cleaves between asparagine residues and
the innermost N-acetylglucosamine (GlcNAc) of
complex N-linked oligosaccharides from glycopro-
teins (Figure 2). This highly specific endoglycosi-
dase virtually hydrolyzes all N-linked glycans from
glycoproteins.(17-19)

The second step is labeling by reductive
amination. The labeling of oligosaccharides with
8-aminopyrene-1,3,6-trisulfonate (APTS) has
proven ideal for analysis by providing both
fluorescence and mobility to the analyte.(20-22)

Acid catalysis of the reductive animation of
oligosaccharides with APTS was used to improve
labeling efficiency.(23) The stoichiometry of labeling
is such that one molecule of APTS fluorophore is
attached to each molecule of oligosaccharade
(Figure 3). The labeling efficiency is a function of
the total quantity of sugar used in the reaction,
temperature of labeling and desialylation kinetic
processes.(24) The addition of a quantitation as an
internal standard is a good technique to determine
the labeling efficiency of an unknown sample. 

The optimal excitation wavelength of the APTS
labeled oligosaccharides is close to 488 nm, the
wavelength of the Argon-ion laser. Figure 4 shows
spectra of APTS and APTS labeled glycan adducts.
At 488 nm, the signal of APTS is minimum com-
pared to signal of the APTS labeled sugar adducts.

The third step is the separation of the labeled
oligosaccharides by CE with laser-induced fluores-
cence detection. The separation occurs in 15 min-
utes with high resolution of the glycans released
from glycoproteins.
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Figure 1. Process profile for PNGase F digestion and APTS derivatization of IgG glycoproteins.
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Figure 2. Schematic diagram of N-Glycosidase, the PNGase F amidase that cleaves between asparagine
residues and the innermost GlcNAc of complex N-linked oligosaccharides from glycoproteins.

 



Materials and Methods
Instrumentation
The CE-based carbohydrate analysis is performed
on a ProteomeLab™ PA 800 System using LIF
detection with an excitation wavelength of 488 nm
and an emission band-pass filter of 520 nm ± 10
nm. A neutral coated capillary 50 µm I.D x 50.2 cm
(40 cm effective length to detector) was used to
reduce electroosmotic flow and minimize surface
interactions. The separation was performed at con-
stant voltage of -30 KV with the anode at the detec-
tor. The current was stable at -14 µA. Capillary tem-
perature was controlled at 25°C. Sample introduc-
tion was accomplished using an applied pressure of
0.5 psi for 8 sec. The capillary was rinsed with the
separation gel buffer prior to sample introduction. 

Materials
The ProteomeLab Carbohydrate Labeling and
Analysis Kit was used. This kit contains glucose
ladder standard, maltose quantitation marker, dye
solvent (15% acetic acid), separation gel buffer,
APTS and a neutral coated capillary. Monoclonal
IgG2 was prepared from ascites fluid obtained with-
in Beckman Coulter. PNGase F, sodium dodecyl
sulfate (SDS), ß–mercaptoethanol (ß-ME), Nonidet
NP40 and sodium phosphate buffer were all pur-
chased from New England BioLab (Beverly, MA).
1M sodium cyanoborohydride in tetrahydrofuran
(THF) was purchased from Sigma-Aldrich
(St. Louis, MO).

Sample Preparation
Denaturing of IgG2
Approximately 250 µg of purified IgG sample was
dried in a speed vacuum centrifuge and then
dissolved in releasing enzyme buffer, 50 mM

sodium phosphate buffer at pH 7.5. Samples were
denatured in 0.1% SDS solution with 50mM ß-ME
at 37°C for 20 min. 

Enzymatic Release of N-linked
Oligosaccharides from Glycoproteins
The sample cleavage was performed by PNGase F
in 0.75 % NP40 detergent at 37°C overnight in
water bath. The required amount of releasing
enzyme may vary depending on the glycoprotein
being studied. 4 µL of PNGase F (500,000 U/mL)
was used to digest 250 µg of IgG2. The released
N-linked oligosaccharides were separated from the
protein by adding three volumes of cold ethanol to
precipitate the protein. The protein was pelleted by
centrifugation for 8 min at 10,000 g (Microfuge® 18
Centrifuge with F241.5P rotor). The supernatant
fraction with oligosaccharides was saved and dried
for reductive amination (labeling). Reconstituted
quantitation control marker, 2 nM maltose, was
added as an internal labeling control at the ethanol
precipitation step. 

Reductive Amination 
The released oligosaccharide sample, lyophilized
standard of glucose ladder and maltose quantitation
control standard were labeled with APTS by reduc-
tive amination. To the carbohydrate samples, 2 µL
of a 0.1 M APTS solution in aqueous glacial acetic
acid (15 %) and 2 µL of freshly prepared 1 M aque-
ous sodium cyanoborohydride in THF were added.
The final reaction mixture contains 50 mM APTS.
Samples were incubated in a 37°C water bath for
approximately 15 hours. To stop the reaction, a
30-fold dilution with CE grade water was added to
the samples. The samples were ready for elec-
trophoretic separation. 
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Figure 3. Reductive amination of the oligosaccharide with APTS (8-aminopyrene-1,3,6-trisulfonate) with
presents of acid catalysis and temperature.
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Figure 4. The excitation spectra of APTS and APTS-labeled glycan adducts.

RFU

Minutes

4 5 6 7 8 9 10

10

0

20

30

40

50

60

11 12 13 14 15

100

0 5 10 15

200

300

Full View

IgG glycan

adducts

Maltose

G1

G1' G2

G1

Maltose 

and G2

G5
G8

G9
G10 G11 Glucose Ladder Standard

G0

Figure 5. Electropherograms of profile of APTS-derivatized N-linked oligosaccharides obtained from PNGase F-
catalyzed hydrolysis of recombinant monoclonal antibody, mouse IgG2 (in red) and APTS-detivatized glucose
ladder standard (in green). The insert shows a full view of the electropherogram.
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Results and Discussion
The separation of APTS-derivatized glucose ladder
standard (malto-oligosaccharide ladder) is shown
in Figure 5. The numbers, G1, G2…G10, G11
above the peaks of the lower trace represent the
degree of polymerization of the glucose standard
size marker. The maltose peak co-migrates with
similar velocity to the maltotriose G2 peak of the
glucose ladder. The electropherogram of the profile
of APTS-derivatized N-linked oligosaccharides
released from recombinant monoclonal antibody,
mouse IgG2, is shown as upper trace in Figure 5.
The electrophoresis of four IgG2 glycans G0, G1,
G1′ and G2 (Figure 6) are correlated with the rela-
tive positions of the standard maltooligosaccharide
peaks. The glycan G2 peak of IgG2 is migrating
with similar velocity to the maltodecaose peak of
glucose ladder providing oligosaccharide size iden-
tification. The maltose peak with a concentration of
2 nM represents the internal quantitation control

marker of the labeling efficiency of the analyzed N-
linked oligosaccaharides released from IgG2. 

A schematic illustration of the glycans observed
on the IgG2 is represented in Figure 6. All glycans
are fucosylated with the same branched core struc-
ture, three manose and two N-acetylglucosamines
(M3N2) and vary only in their terminals (degalacto-
sylated and partially galactosylated). After APTS
derivatization all released glycans have the same
charge and are separated by CE-LIF based on their
size and/or structure. Even positional isomers may
be resolved using this approach as illustrated by the
separation of glycan isoforms G1 and G1′, which
have the same structure and number of monosaccha-
ride units.

In summary, this paper demonstrates an appli-
cation of the ProteomeLab Carbohydrate Labeling
and Analysis assay for the separation and analysis
of N-linked oligosaccharides released from the
mouse monoclonal antibody, IgG2.

Figure 6. Schematic representation of four glycans structure. Biantennary N-linked oligosaccharides present on
the recombinant monoclonal antibody IgG, which can be resolved by CE-LIF after APTS labeling.
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