
RESEARCH PAPER

A capillary electrophoresis procedure for the screening
of oligosaccharidoses and related diseases

Mercedes Casado & Laura Altimira & Raquel Montero &

Esperanza Castejón & Andrés Nascimento &

Belén Pérez-Dueñas & Aida Ormazabal & Rafael Artuch

Received: 14 March 2014 /Revised: 7 April 2014 /Accepted: 9 April 2014 /Published online: 2 May 2014
# Springer-Verlag Berlin Heidelberg 2014

Abstract The most widely used method for the biochemical
screening of oligosaccharidoses is the analysis of the urinary
oligosaccharide pattern by thin-layer chromatography on sil-
ica gel plates. However, this method is not always sensitive
enough, and it is extremely time-consuming and laborious. In
this work, the analysis of the urine oligosaccharide pattern was
standardized for the first time by using capillary electropho-
resis with laser-induced fluorescence (CE-LIF) detection
(Beckman P/ACE MDQ) with a 488-nm argon ion laser
module. All of the analyses were conducted using the Carbo-
hydrate Labeling and Analysis Kit (Beckman-Coulter), which
derivatizes samples with 8-aminopyrene-1,3,6-trisulfonate.
Urine samples from 40 control subjects (age range, 1 week
to 16 years) and from ten patients diagnosed with eight dif-
ferent lysosomal diseases (six of them included in the

Educational Oligosaccharide Kit from ERNDIM EQA
schemes) were analyzed. Two oligosaccharide excretion pat-
terns were established in our control population according to
age (younger or older than 1 year of age). Abnormal peaks
with slower migration times than the tetrasaccharide position
were observed for fucosidosis, α-mannosidosis, GM1
gangliosidosis, GM2 gangliosidosis variant 0, Pompe disease,
and glycogen storage disease type 3. In conclusion, the first
CE-LIF method to screen for oligosaccharidoses and related
diseases, which also present oligosacchariduria, has been
standardized. In all of the cases, the urine oligosaccharide
analysis was strongly informative and showed abnormal
patterns that were not present in any of the urine sam-
ples from the control subjects. Only urine from patients with
aspartylglucosaminuria and Schindler disease displayed nor-
mal results.
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Introduction

Oligosaccharidoses are rare diseases characterized by increased
urinary excretion of oligosaccharides due to a deficiency in the
lysosomal enzymes responsible for the degradation of the
oligosaccharide chain of glycoproteins. Diagnosis of
oligosaccharidoses relies on oligosaccharide analysis of urine.
Early clinical and biochemical recognition are crucial to pa-
tients prognosis because the window of an effective interven-
tion may be very brief after the onset of symptoms. Moreover,
prenatal diagnosis may be of paramount importance [1]. For the
biochemical screening of oligosaccharidoses, the most widely
used method is the analysis of the urinary oligosaccharide
pattern by thin-layer chromatography (TLC) on silica gel plates
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[2]. However, this method is not always sensitive enough, and it
is extremely time-consuming, laborious, and not automatable,
making it impossible to screen a high number of patients. Other
more sensitive analytical procedures with higher resolution
have recently been developed, such as HPLC with pulsed
amperometry [3], tandem mass spectrometry [4, 5], MALDI-
TOF [6], capillary high-performance anion-exchange chroma-
tography with mass spectrometry detection [7], and MALDI-
TOF/TOF [8].

Capillary electrophoresis might also be suitable for the
analysis of urinary oligosaccharides. It has a high resolution
efficiency, and when it is coupled to a laser-induced fluores-
cence detector system (CE-LIF), it offers a good analytical
sensitivity. Because oligosaccharides do not exhibit native fluo-
rescence, derivatization is necessary before LIF detection.
Some methods based in CE-LIF have been developed to ana-
lyze N-linked oligosaccharides enzymatically released from
glycoproteins [9–12]. In these glycomic studies, high sensitiv-
ity, good reproducibility, and the resolution of very closely
related oligosaccharide structures were obtained. However,
these procedures have not been applied to urine samples for
the screening of human oligosaccharidoses.

In the present work, we have described, for the first time, a
CE-LIFmethod for the analysis of urinary oligosaccharides as a
tool for the diagnosis of diseases that may present
oligosacchariduria. Urine samples from control subjects and
from patients with different oligosaccharidoses were analyzed,
and their urinary oligosaccharide patterns were described.

Materials and methods

Reagents

All of the analyses were performed using the Carbohydrate
Labeling and Analysis Kit (Beckman-Coulter, Fullerton, CA,
USA). This kit is composed of the derivatization reagent 8-
aminopyrene-1,3,6-trisulfonate (APTS), a 15 % acetic acid so-
lution, a 25-mmol/L sodium acetate run buffer with a pH of 4.75
containing 0.4 % of polyethylene oxide, an N-CHO-coated
capillary, and a dextran ladder standard (see manufacturer insert
for further information). The ladder is prepared by partial acid
hydrolysis of dextran. It is comprised of linear glucose polymers
from G1 to G15 (5 mg in 80 μL of distilled water). Sodium
cyanoborohydride (1.0 mol/L NaBH3CN solution in tetrahydro-
furan) was obtained from Sigma-Aldrich (Steinheim, Germany).

Samples

Urine samples were obtained from 40 healthy control subjects
(age range, 7 days to 16 years; median age, 3.5 years) and
from ten patients diagnosed with eight different lysosomal
diseases: four urine samples from patients diagnosed in our

hospital and six urine samples included in the Educational
Oligosaccharide Kit from ERNDIM EQA schemes. The urine
samples included in this study were from patients with
fucosidosis (age, 3.8 years), glycogen storage disease type 3
(age, 2.5 years), and Sandhoff disease (n=2; ages, 1.0 and
3.7 years). The urine samples included in the Educational
Oligosaccharide Kit from ERNDIM EQA schemes were from
patients with GM1 gangliosidosis (age, 3 months), Pompe
disease (age, 3months),α-mannosidosis (age, 7 years), Schin-
dler disease (age, 3.7 years), aspartylglucosaminuria (age,
8.5 years), and Sandhoff disease (age, 1.6 years). All of the
samples were centrifuged (1500×g, 10 min) and stored at
−20 °C until they were analyzed. The samples from the
patients were obtained in accordance with the Helsinki Dec-
laration of 1964, as it was revised in 2000. The ethical com-
mittee of the Hospital Sant Joan de Déu approved the study.

Derivatization procedure

A 200-mmol/L solution of APTS was prepared by dissolving
5 mg of APTS in 48μL of a 15% acetic acid solution. Urinary
creatinine was determined on the Architect c8000 analyzer
using a commercial kit (Jaffé acid-picrate method; Abbott
Laboratories, Illinois, USA). Prior to the analysis, the urine
volume containing 150 nmol creatinine was calculated for all
patients and controls (urine volume (μL)=150 nmol/creati-
nine concentration (nmol/μL)). To increase the oligosaccha-
ride concentration, the urine volume was concentrated by
heating at 50 °C in an oven for 5 h. Then, 5μL of concentrated
urine samples or the dextran ladder standard solution were
mixed with 2 μL of the APTS solution and 2 μL of 1 mol/L
sodium cyanoborohydride in tetrahydrofuran. The mixed so-
lutions were reacted in the dark at 37 °C overnight in a heating
block. After derivatization, these solutions underwent 40-fold
dilution in deionized water before they were injected onto the
capillary electrophoresis apparatus for analysis.

Instrumentation and analysis

The capillary electrophoresis experiments were performed
using a Beckman P/ACE MDQ system equipped with a
488-nm argon ion laser module (Beckman-Coulter,
Fullerton, CA, USA). The compounds were separated in
neutrally coated N-CHO capillaries with a 50-μm I.D., a
60.2-cm total length, and a 50-cm length to the detector. The
capillary cartridge was kept at 20 °C by liquid coolant. All
new capillaries were conditioned with deionized water for
10 min and run buffer for 2 min. Before each injection, the
capillary was rinsed with deionized water and run buffer for
30 and 60 s, respectively. All of the rinses were performed at
20 psi. The sample was injected by a pressure of 0.5 psi for 3 s.
Samples were stored at 10 °C, while they awaited injection. A
separation voltage of 30 kV was applied with reverse polarity,
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which resulted in an electrophoretic current of 14 μA. The
vials of buffer were replaced with fresh buffer after 10 runs.

Results

Typical electropherograms of urinary APTS-oligosaccharides
are shown in Electronic Supplementary Material Fig. S1. The
lower trace in the electropherograms shows the separation of
the APTS-labeled maltooligosaccharide ladder standard. This
standard was the product of a partial digestion of dextran, and
therefore, it was composed of a mixture of glucose and linear
oligosaccharides (from disaccharide G2 to G15). The peaks of
the ladder standard were used as size reference markers and
represented the polymerization degree. The huge peak at 7 min
corresponded to the excess reagent used for the derivatization.
After this peak, the APTS-monosaccharides were detected at
approximately 8 min, and the APTS-disaccharides were ob-
served between 8.5 and 9.5 min. Oligosaccharides were eluted
from 9.5 to 25 min. To study the reproducibility of the separa-
tions, a ladder solution and a pathological urine sample were
analyzed for 15 different days. The variation of migration time
of the hexasaccharide observed in the fucosidosis sample rela-
tive to the glucose from the dextran ladder was calculated. The
obtained relative migration time was very stable, with an inter-
day coefficient of variation of 2.3 %.

Non-pathological urine samples

Urine samples from the control subjects were analyzed to
establish a normal excretion pattern. Examples of non-
pathological urine samples are given in Electronic Supple-
mentary Material Fig. S1. Usually, non-pathological urine
samples do not contain oligosaccharides. Electropherograms
showed a great excretion of monosaccharides at a migration
time of 8 min, and several disaccharides were found with

migration times between 8.5 and 9.5 min. In addition to these
peaks, a peak with an electrophoretic mobility similar to the
mobility of the maltotetraose in the ladder standard (with four
glucose units) was usually observed. We studied non-
pathological urine samples from subjects of different ages,
and we observed that in very young children (age <1 month),
several peaks in the trisaccharide to pentasaccharide area were
detected in most of the cases (Electronic Supplementary Ma-
terial Fig. S1a). These peaks were present only in the few
urine control samples of children between 1 month and 1 year,
and they disappeared in the profiles of children older than
1 year. Therefore, the oligosaccharide excretion pattern from
children older than 1 year lacked these peaks and exhibited
only the excretion of monosaccharides, disaccharides, and a
small amount of a tetrasaccharide (Electronic Supplementary
Material Fig S1b). Correlation of tetrasaccharide excretion
(area under the peak) with the age was studied in 24 control
subjects (Fig. 1), and a significant negative correlation was
observed (Pearson’s test: r=−0.645; p=0.0007).

Oligosaccharidoses urine samples

Urine samples were analyzed from patients with different
oligosaccharidoses and related diseases that also present
oligosacchariduria including the following: fucosidosis, α-
mannosidosis, GM1 gangliosidosis, GM2 gangliosidosis var-
iant 0 (Sandhoff disease), glycogen storage disease type 2
(Pompe disease), glycogen storage disease type 3,
aspartylglucosaminuria, and Schindler disease. Figure 2 and
Electronic Supplementary Material Figs. S2 and S3 show the
oligosaccharide excretion pattern for each disease compared
with an age-matched control. In all of the cases, except for
aspartylglucosaminuria and Schindler disease, abnormal
peaks with slower migration times than the tetrasaccharide
position were observed. Proposed structures of abnormal oli-
gosaccharides are commented in the “Discussion” and
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Fig. 1 Correlation between urine
tetrasaccharide (Glc4) excretion
(area under the peak) and the age
of control subjects (Pearson’s test:
r=−0.645; p=0.0007)
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commonmonosaccharide acronyms are described in Electron-
ic Supplementary Material Table S1. Generally, more peaks
were detected by CE in oligosaccharidoses samples as com-
pared to TLC, and these peaks were better resolved. Retention
time values relative to glucose of the oligosaccharides detect-
ed in oligosaccharidoses urine samples are stated in Table 1.
The polymerization degree of the pathological oligosaccha-
rides was assigned by comparing with the nearest migration
time of the ladder oligosaccharides.

Discussion

The CE-LIF detection procedures have a high separation
efficiency and a high sensitivity, which are necessary for
glycomic studies. These methods are even able to resolve

isomers, which are indistinguishable by tandem mass spec-
trometry or MALDI-TOF procedures. Despite these advan-
tages, CE-LIF procedures had not been applied for the screen-
ing of oligosaccharidoses in human urine samples. In the
present work, we have adapted a commercially available kit
designed for the study of glycoproteins by CE-LIF for the
analysis of urinary oligosaccharides. Regarding the derivati-
zation procedure, mild labeling conditions were chosen to
avoid losing the sialic acid residues from the oligosaccharide
chains [13]. For this purpose, we left the reaction mixture at
37 °C overnight. This derivatization conditions are common
in reductive amination of glycans [6]. In most of the MS
procedures for glycan analysis, derivatization is often neces-
sary since oligosaccharides display poor ionization efficiency
[4, 5]. Besides this derivatization reaction, solid-phase extrac-
tion is frequently required in MS procedures [6–8]. Thus, the
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time and labor required for sample preparation and labeling
for the CE procedure is similar when compared to other MS
procedures.

Several urine samples from control subjects were analyzed,
and we established two normal excretion patterns according to
the age of the subject. For the reference profiles from younger
children (age ≤1 year), there were increases in some of the
oligosaccharides (especially in those children younger than
1 month old). Human breast milk and some infant formulas
with added galactooligosaccharides may contain a large vari-
ety of oligosaccharides. The presence of these molecules in
the urine depends on the lactational stage and the Lewis
antigen system of the mother [14, 15]. Urine oligosaccharides

from breastfed infants have been analyzed, and the excretion
of oligosaccharides with diverse degrees of polymerization,
from tri- to heptasaccharides, has been described [13]. More-
over, a peak at the tetrasaccharide migration time is usually
present in the analyses of control urine samples from individ-
uals of any age. In our control population, its excretion de-
creased with increasing age, as has been described in other
studies [16]. This peak might correspond to the previously
described oligosaccharide 6-α-D-glucopyranosyl-maltotriose
(Glc4), which is derived from the intravascular degradation
of glycogen.

Fucosidosis (Mendelian Inheritance in Man (OMIM)
230000) is an autosomal recessive lysosomal storage disease
caused by defective α-L-fucosidase activity as a consequence
of mutations in the FUCA1 gene. In tissues and urine,
fucosidosis patients accumulate fucosylated glycoconjugates
from the incomplete catabolism of N- and O-glycoproteins,
glycolipids, and proteoglycans. The major glycopeptide, a
glycoasparagine Fuc-GlcNAc-Asn, present in the urine corre-
sponds to the linkage region of the oligosaccharide [17].
However, this glycopeptide is not a reducing oligosaccharide,
and therefore, it cannot be labeled with APTS and was not
detected by this procedure. These patients accumulate other
reducing oligosaccharides, which are also excreted in urine
and can be detected. The profile obtained by CE-LIF (Elec-
tronic Supplementary Material Fig. S2a) shows an abnormal
peak with an electrophoretic mobility corresponding to hexa-
heptasaccharide in the ladder standard. This peak might cor-
respond to the previously described hexasaccharide Fuc-Gal-
GlcNAc-Man2-GlcNAc excreted in the urine of fucosidosis
patients [5, 8].

α-Mannosidosis (OMIM 248500) is an autosomal reces-
sive lysosomal storage disease caused by mutations in the
MAN2B1 gene, which codes for the enzyme α-mannosidase.
A deficiency of this enzyme leads to the accumulation of high-
mannose-containing oligosaccharides (Mann-GlcNAc, n≥2),
which are excreted in urine [17]. The pattern obtained by CE-
LIF (Electronic SupplementaryMaterial Fig. S2b) was similar
to patterns previously described by other procedures [6, 8] and
had a prominent peak in the trisaccharide area, which
corresponded to Man2-GlcNAc as well as peaks of Man3-5-
GlcNAc that showed decreasing excretion with an increasing
degree of polymerization.

GM1-gangliosidosis (OMIM 230500) is an autosomal re-
cessive lysosomal disease caused by mutations in the GLB1
gene, which codes for the hydrolase β-galactosidase. This
enzyme is involved in the cleavage of galactose in GM1
ganglioside catabolism. In addition to this reaction, β-
galactosidase is implicated in the degradation pathway of the
glycan portion of other glycolipids, glycoproteins, and
mucopolisaccharides. An increase in the excretion of
galactosylated oligosaccharides is characteristic of this defi-
ciency [18]. The profile obtained by CE-LIF is shown in

Table 1 Retention times relative to glucose (tR) of abnormal oligosac-
charides detected byCE in oligosaccharidosis urine samples (left column)

Disease tR Nearest ladder oligosaccharide

Polymerization degree tR

Fucosidosis 0.59 6 0.60

α-Mannosidosis 0.76 3 0.78

0.70 4 0.71

0.65 5 0.65

GM1 0.85 3 0.86

0.72 4 0.72

0.71 4 0.72

0.63 6 0.62

0.56 8 0.55

0.51 10 0.50

0.49 10 0.50

0.45 12 0.46

Sandhoff disease 0.72 4 0.73

0.71 4 0.73

0.70 4 0.73

0.69 5 0.67

0.68 5 0.67

0.67 5 0.67

0.66 5 0.67

0.64 6 0.63

Pompe disease 0.70 4 0.70

0.64 5 0.64

0.60 6 0.59

GSD-III 0.73 4 0.73

0.68 5 0.68

0.63 6 0.63

0.61 7 0.60

0.60 7 0.60

0.58 8 0.57

0.57 8 0.57

The nearest ladder oligosaccharides to each abnormal peak with its
relative retention time are also shown (right column)
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Fig. 1a. Eight abnormal oligosaccharides, having 3 to 12
monosaccharide units, were clearly detected. This profile was
similar to previously described profiles obtained by MS proce-
dures, in which oligosaccharides were described with a degree
of polymerization from five to ten, with amajor excretion of the
octasaccharide Gal2-GlcNAc2-Man3-GlcNAc [8].

Sandhoff disease (OMIM 268800) is an autosomal recessive
lysosomal disease caused by mutations in theHEXB gene. This
gene encodes the beta subunit of two enzymes: β-
hexosaminidase A andβ-hexosaminidase B. Thus, hexosamin-
idases A and B are both deficient in patients with Sandhoff
disease. The enzyme hexosaminidase B is not only involved in
degradation of the oligosaccharide portion of the GM2 gangli-
oside but also in the cleavage of GlcNAc during glycoprotein
degradation [18]. The characteristic urine oligosaccharide pat-
tern from these patients was clearly detected by CE-LIF
(Fig. 1b). Eight different oligosaccharides were separated with
migration times between tetra- to hexasaccharides. In mass
spectrometry procedures, there have only been three oligosac-
charides described with a polymerization degrees of tetra-,
penta-, and hexasaccharides [5, 7, 8], whereas more peaks were
obtained by CE-LIF analysis. These differences in the excretion
profiles can be due to the capacity of capillary electrophoresis
to separate positional isomers with the same weight.

Glycogen storage disease type 2 (Pompe disease, OMIM
232300) is caused by mutations in the gene encoding the
lysosomal enzyme acid α-1,4-glucosidase (acid maltase).
Due to the deficiency of this enzyme, glycogen accumulates
in the lysosomes of these patients, and the urinary excretion of
the tetrasaccharide 6-α-D-glucopyranosyl-maltotriose (Glc4)
derived from the intravascular degradation of glycogen is
increased. Urinary Glc4 has been reported to be a useful
biomarker for the monitoring of the progression of the disease
and the therapeutic response to enzyme replacement therapy
because this oligosaccharide correlates strongly with the skel-
etal muscle glycogen content [16, 19]. The profile obtained by
CE-LIF showed an elevated excretion of Glc4, which was 5-
fold higher when compared with an age-matched control.
Other small amounts of oligosaccharides with greater degrees
of polymerization (penta- to heptasaccharides) were also de-
tected, which corresponded to diverse glucose polymers
(Electronic Supplementary Material Fig. S3a).

Glycogen storage disease type 3 (OMIM 232400) is caused
by a defective glycogen debrancher enzyme as a consequence
of mutations in the AGL gene. This defect is associated with
an accumulation of abnormal glycogen with short outer
chains. In this disorder, a high excretion of Glc4 has also been
described [16]. This tetrasaccharide was markedly increased
in the profile obtained by CE-LIF (Electronic Supplementary
Material Fig. S3b). Other oligosaccharides with greater de-
grees of polymerization (penta- to octasaccharides) were also
detected, which corresponded to diverse glucose polymers.
This profile was clearly abnormal and was similar to the

patterns previously described for other glycogen storage dis-
eases [16].

Because of the very low incidence of these defects, there
was not an opportunity to evaluate other diseases in this work,
and further analyses of urine samples from patients with other
diseases seem necessary for the complete validation of this
procedure. It should be noted that the pathological oligosac-
charides usually have branched structures, while the ladder
oligosaccharides have linear structures. This causes slight
discrepancies in their relative migration times (Table 1) since
the coiling tendency of the linear structuresmay result in faster
migration times as compared with the branched oligosaccha-
rides [20]. However, it is plausible that most of the
oligosaccharidoses and related diseases can be detected by
CE-LIF.

It is important to note that those defects that excrete
nonreducing glycocompounds in urine, such as
aspartylglucosaminuria, cannot be detected using this
procedure, which can in turn be detected by conven-
tional ion-exchange chromatography procedures for the
analysis of amino acids. Concerning Schindler disease,
the profile obtained by CE-LIF was practically normal
and difficult to discriminate from the control samples
(data not shown). This observation may be explained by
the fact that an α-N-acetylgalactosaminidase deficiency leads
to a high urine excretion of glycopeptides containingGalNAc-
O-Ser/Thr [17], which are not reducing compounds, and
therefore, they cannot be derivatized by the APTS reagent.
High excretion of the reducing trisaccharide GalNAc-Fuc-Gal
has also been described [17], but it is only present in patients
with blood type A.

In summary, in this study, the first CE-LIF procedure for
the screening of oligosaccharidoses and related diseases that
also present oligosacchariduria has been standardized.
Characteristic patterns of urinary oligosaccharides in
patients with different diseases have been described. In
all of the cases, the oligosaccharide profiles were strongly
informative and showed abnormal peaks that were not present
in any of the urine samples from the control subjects. Only the
urine analysis of individuals with aspartylglucosaminuria and
Schindler disease displayed normal results.
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