Open Glycoscience, 2008, 1, 31-39 31

The Quantification of Glycosaminoglycans:

Carbazole, and Alcian Blue Methods

A Comparison of HPLC,

Sarah B. Frazier', Kevin A. Roodhouse', Dennis E. Hourcade® and Lijuan Zhang*"'
Y g

'Department of Pathology and Immunology, Division of Rheumatology and Department of Medicine, Washington

University School of Medicine, St. Louis, MO 63110, USA

Abstract: Glycosaminoglycans (GAGs) are linear polysaccharides that are found in the extracellular matrix and biologi-
cal fluids of animals where they interact with hundreds of proteins and perform a variety of critical roles. There are five
classes of animal GAGs: heparan sulfate (HS), chondroitin sulfate (CS), dermatan sulfate (DS), keratan sulfate (KS), and
hyaluronan (HA). Many biological functions can be monitored directly by their impact on GAG quantity. Thus, simple,
sensitive, and robust GAG quantification methods are needed for the development of biomarkers. We have systematically
compared three available GAG quantification assays including an HPLC-based assay, a simplified Alcian Blue assay, and
a miniaturized carbazole assay. The carbazole and Alcian Blue assays were reproducible and simple to perform in general
lab settings, but had important limitations: The carbazole assay could not detect KS and it overestimated GAGs that were
contaminated with salts or dissolved in PBS. The Alcian Blue assay detected only those GAGs that were sulfated. In con-
trast, while the HPLC method was time-consuming, it was a robust and sensitive assay that not only detected all GAGs
but also quantified glucosamine-GAGs and galactosamine-GAGs simultaneously. The HPLC assay was not affected by
salt or level of GAG sulfation and it yielded reproducible values for all types of GAGs tested. These results suggest that
an automated HPLC assay would be generally useful for the routine measurement of a panel of GAG-based biomarkers

while the carbazole assay and the Alcian Blue assays could prove valuable for more specific purposes.

INTRODUCTION

Glycosaminoglycans (GAGs) are linear polysaccharides
comprised of repeating hexosamine-containing disaccharides
that are sulfated to varying degrees. Most animal cells syn-
thesize multiple types of GAGs including heparan sulfate
(HS), chondroitin sulfate (CS), dermatan sulfate (DS), ker-
atan sulfate (KS), and hyaluronan (HA). HS, CS, and DS are
assembled on proteoglycan core proteins in the Golgi
through linkage tetrasaccharides (GlcA-Gal-Gal-Xyl-Ser).
KS is assembled on specific core proteins through N-linked
(KSI) or O-linked (KSII) oligosaccharides. HA is unique in
that it is unsulfated and is directly secreted without a core
protein into the extracellular space.

HA and HS consist of repeating disaccharide units of
GlcNAc and GlcA while KS is composed of alternating N-
acetyl glucosamine (GlcNAc) and galactose. CSs consist of
alternating GalNAc and GlcA/IdoA. They are classified as
CS types A, B, C, D, and E according to the predominant
disaccharide form (Table 1). CSs isolated from animal tis-
sues usually feature one major type of repeating disaccha-
ride, but always contain minor species of other disaccha-
rides. DS, also known as CS-B, is distinguished from other
CS varieties by its high content of IdoA residues and its
unique anticoagulant properties [1].

The most studied GAG, heparin, is a heavily sulfated
heparan sulfate made by mast cells. Heparin is used clini-
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cally as an anticoagulant drug but also possesses anti-sepsis
[2], anti-spontaneous abortion [3], anti-selectin mediated
inflammation, anti-interstitial cystitis, and anti-tumor metas-
tasis properties [4-8]. Commercial heparin is expressed as
units/mg of anticoagulant activity because both its purity and
quality are difficult to control. CS and glucosamine are also
of clinical interest, ranking third among all top-selling nu-
triceuticals in the United States as a supplement for treating
osteoarthritis [9].

Many biological functions can be monitored directly by
their impact on GAGs since hundreds of proteins interact
with GAGs [10]. GAGs are directly involved in many signal-
ing pathways [11]. In addition, GAG biosynthesis is regu-
lated by a variety of chemokines, cytokines, and growth fac-
tors [12,13]. Thus, simple, sensitive, and robust GAG quanti-
fication methods are needed for the development of bio-
markers.

GAGs can be quantified and analyzed by NMR [14], MS
[15], LC-MS [16], enzymatic post column fluorescence
HPLC [17], electrophoretic methods [18], and by more gen-
eral methods for monosaccharide composition analysis
such as high-performance anion-exchange chromatography
(HPAEC) with pulsed amperometric detection (PAD) [19].
However, a simple, direct, sensitive, and robust quantifica-
tion method is needed for routine GAG quantification.

Three direct GAG quantification methods, including
HPLC [20], carbazole [21,22], and Alcian Blue [23] assays
have been established. However, a systematic comparison of
these three assays in terms of sensitivity, reliability, and
limitations has not been reported. We have systematically
quantified CS-A, CS-B, CS-C, CS-D, CS-E, completely
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Table 1.

Disaccharide Content of Various Chondroitin Sulfates

Frazier et al.

Major disaccharides

Other disaccharides found

CS-A: GlcA-GalNAc4S

GlcA-GalNAc

IdoA2s-GalNAc

CS-B: IdoA2S-GalNAc4S

IdoA-GalNAc6S

GlcA3S-GalNAc

CS-C: GlcA-GalNAc6S

IdoA-GalNAc4S6S

GlcA3S-GalNAc4S

CS-D: GIcA2S-GalNAc6S

IdoA2S-GalNAc4S6S

GlcA3S-GalNAc4S6S

CS-E: GlcA-GalNAc4S6S

IdoA2S-GalNAc

GlcA3S-GalNAc6S

desulfated re-N-acetylated (CDSNAc)-heparin, N-desulfated
re-N-acetylated (NDSNAc)-heparin, and heparin with our
previously published HPLC assay [20], a simplified Alcian
Blue assay [24], and a miniaturized carbazole assay. We
examined the performance of each assay with sulfated and
de-sulfated GAGs and in the presence of salt and DNA. The
HPLC method detected and quantified all the GAGs we
tested and was unaffected by salt or DNA contaminants. In
addition, the HPLC method detected cross contaminations of
certain glucosamine- and galactosamine-GAGs. The Alcian
Blue assay could only detect sulfated GAGs. Contrary to
previous reports, we found that the carbazole assay produced
false positive signals due to the presence of salt. This infor-
mation may prove useful in the design of simple GAG-based
assays.

RESULTS
HPLC Analysis

GAG preparations are usually a mixture of GAG species
due to their biological co-expression and structural similari-
ties. Thus, whether GAGs are isolated, digested, fraction-
ated, or purchased, their purity and concentration must be
determined before they are used in biological assays. We
previously developed an HPLC-based method that measures
all GAGs tested with great precision and accuracy [20]. It
can readily detect 10pmol of GlcN or GalN. Using our stan-
dard procedure, we analyzed commercially available CS A,
B, C, D, E, and heparin, adding norleucine (NorL) to each
GAG sample for normalization purposes. The reduced glu-
cosamine (GIcN-OH), galactosamine (GalN-OH), and NorL
profiles of 1pg dry weight-equivalents of different GAGs are
shown in Fig. (1). The GIcN-OH peak was derived from the
glucosamine-containing GAGs, including HS, KS, and HA,
while the GaIN-OH peak was from CS and DS. As expected,
the heparin profile had no GalN-OH peak and the CS D and
E profiles had no GlcN-OH peak. However, CS-A, CS-B,
and CS-C were contaminated with glucosamine containing
GAGs as evidenced by the GlcN-OH peaks in their profiles

(Fig. 1).

We also analyzed additional lots of heparin, CS-A, CS-B,
and CS-C from the same source (Sigma) and CS-E from a
different manufacturer (Fig. 2). While this Sigma heparin
preparation (Porcine mucosa heparin, catalog number
H4784, lot 104K 1177) had no detectable GaIN-OH (Fig. 1),
an earlier lot of the same sigma reagent produced a signifi-
cant GaIN-OH peak (Fig. 2). Moreover, the intensity of
GIcN-OH peaks in CS-A, CS-B, and CS-C differed between
lots. Only one CS-C lot produced a GIcN-OH peak (Fig. 1).

While no GIcN peaks were detected in squid cartilage CS-E
from either commercial source, CS-E obtained from Seika-
gaku (Fig. 1) yielded twice the detectable GAG per unit dry
weight than CS-E obtained from Calbiochem (Fig. 2). These
observations demonstrated that the purity of commercial
GAG preparations is highly variable.
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Fig. (1). CS-A, CS-B, CS-C, CS-D, CS-E, and heparin were con-
verted to their respective monosaccharides (GIcN and GalN) via
hydrolysis, reduced to GlcN-OH or GalN-OH by sodium borohy-
dride treatment. The OPA derivatives were separated [20]. The
elution positions and intensities for 1pg dry weight of GlcN-OH
and GalN-OH, and the internal standard norleucine (NorL) are
shown. The data is representative of three independent experi-
ments.
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Fig. (2). GIcN-OH and GalN-OH elution profiles of different
batches of CS-A, CS-B, CS-C, CS-E, and heparin. The degree of
GAG-cross contamination for each GAG differed in a second batch
(Fig. 1). In a subsequent experiment, the same degree of contami-
nation was observed for each GAG batch.
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Treatment of HS with HNO, at pH 1.5 selectively de-
grades N-sulfated HS and has no effect on CS [25]. We used
this reaction to determine whether the putative GlcN peaks
derived from CS-B (Fig. 2) were indeed derived from HS
contamination. We therefore treated the CS-B preparation
with HNO, at pH 1.5, removed any HS fragments generated
by thorough dialysis, and analyzed the resultant material by
HPLC. The profiles of HNO,-treated CS-B and untreated
CS-B are shown in Fig. (3A). The HNO, treatment selec-
tively eliminated the GIcN peak, confirming that the CS-B
was indeed contaminated with HS.

We also prepared CS-B oligosaccharides by a partial N-
deacetylation reaction followed by low pH nitrous treatment
of both HNO,-treated CS-B and untreated CS-B. No GlcN-
containing peak was observed in the profiles of any CS-B
oligosaccharides prepared from HNO,-treated CS-B (data
not shown). However, all the oligosaccharides prepared from
the untreated CS-B contained significant amounts of GlcN-
oligosaccharides (Fig. 3B). The degree of GIcN- oligosac-
charide contamination was greatest in the CS-B tetrasaccha-
rides and decreased with increased chain length, but even
tetradecasaccharides (CS-B-14) had significantly greater
GlcN content than the original untreated CS-B sample. It
appears that HS contamination-levels were greatly amplified
in the process of preparing the oligosaccharides. This may be
because partially N-deacetylated CS-B, which has an N-
acetylated GIcN content of 100%, is more susceptible to
deaminative scission than HS and heparin, which have an N-
acetylated GlcN content of 60% and 80%, respectively.
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Fig. 3). (A) CS-B was treated with HNO, at pH 1.5. After thor-
ough dialysis to remove degraded GAG fragments, the purified CS-
B was quantified again by the HPLC method. (B) HS oligosaccha-
rides were enriched when contaminated CS-B was used as a starting
material for CS-B oligosaccharide preparations.
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The Carbazole and Alcian Blue Methods

The GAGs that were analyzed by the HPLC method (Fig.
1) were then quantified by the carbazole (Fig. 4B) and Al-
cian Blue (Fig. 4A) assays. Concentration response curves
and r* values were determined. The r* values of all the GAGs
tested ranged from 0.984 to 0.995 for the Alcian Blue assay
and from 0.998 to 0.999 for the carbazole assay, indicating a
high degree of reproducibility. However, in both assays, the
concentration response curves for the different GAGs were
not parallel. This suggests that, in both assays, the quantifi-
cation reactions were subtly influenced by specific GAG
associated properties (structure, impurity, or other factors).

= CS-Ac=5.55A+0.016, r’=0.988
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Fig. (4). The CS-A, CS-B, CS-C, CS-D, CS-E, and heparin samples
examined by the HPLC method (Fig. 1) were assayed by the Alcian
Blue method (panel A) and the carbazole method (panel B). The
concentration response curves, equations, and coefficient of correla-
tion (i?) for each GAG are representative of over ten independent
experiments. Each reaction was performed in duplicate. The vari-
able ‘A’ is the measured absorbance and ‘c’ is equal to the quantity
of GAGs (in pg).

Comparison of the Quantification by HPLC & Carbazole
Methods

The carbazole assay uses GIcA as an external standard.
Thus, a calibration curve can be produced for GlcA (Fig. 5)
in addition to those generated for the GAG samples (Fig.
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4B). The GIcA curve fitting equation (in this case ¢ = 26.78A
+ 0.4524 with an 1’ value of 0.9992 where A is measured
absorbance and c is the amount of GIcA in nmol) can then be
used to calculate the amount of GIcA that corresponds to 1pg
for each GAG (Table 2, column 4).
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Fig. (5). A 50mM GIcA stock solution was made in water. 0, 1.25,
3.5, 5, 10, and 40nmol dilutions were prepared in duplicate to be
used in the generation of an external calibration curve. The curve
was used for calculating the GlcA content of the GAG samples. The
data shown is representative of more than ten independent experi-
ments.

We then compared the GAG content of each sample
based on the GlcA standards (Table 2, column 7), and the
GAG content determined by HPLC (Table 2, column 6). As
seen in Table 2, the calculated concentration of nearly all the
samples was significantly less than the theoretical GAG
stock concentration (1mg/ml), which was formulated based
on dry weight. This indicates the presence of impurities or
water in the GAG samples. Of note, in the case of CS-A, the
value obtained with the carbazole assay (1.27mg/ml) is
greater than its theoretical maximum (1.00mg/ml). Moreo-
ver, we also noticed that the CS-A concentration response
curve (c=32.7A-1.517) differed significantly from the re-
sponse curves of the other GAGs (Fig. 4B). CS-A produced
a non-linear response, producing relatively high absorbance
at low concentrations and relatively low absorbance at high
concentrations. These observations led us to conclude that
the values yielded by the carbazole assay for the CS-A sam-
ple are inaccurate.

In the Carbazole Assay Salts Generated a False Positive

Comparison of the GAG quantification curves obtained
for the carbazole and Alcian Blue assays (Fig. 4) suggests
the subtle influence of uncontrolled factors on the quantifica-
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tion reactions. These discrepancies could simply be due to
differences in GAG purity or water content. Nevertheless,
we examined the impact of salt on the two assays and ob-
served that NaCl increased the background absorbance in the
carbazole assay in a concentration-dependent manner (Fig.
6A). We calculated that 0.01mM NaCl produced an increase
in signal intensity equivalent to that generated by 4ug CS-A
or Heparin. In addition, the GAG and salt signals were addi-
tive. In short, the carbazole assay had about 6-fold higher
specificity for GAGs than for the NaCl. These results indi-
cated, for example, that the quantity of GAGs dissolved in
PBS (0.15M NacCl) could be overestimated by up to 60pg/ml
by the carbazole method. In contrast, salt concentrations of
up to 1M NaCl had minor effects on the Alcian Blue assay
(Fig. 6B) and no detectable effects on the HPLC assay (Fig.
7).

DNA Contamination Showed no Effect on the Carbazole
or Alcian Blue Assays

Biological samples, especially GAGs purified from bio-
logical sources, may contain DNA. Thus, we examined the
impact of DNA contamination on the quantification assays.
We compared the signal generated by 0.1mg/ml CS-A and
heparin in the presence of 0 to 0.2mg/ml DNA. We meas-
ured two 10ul duplicates for each sample in the Alcian Blue
assay and two 40pul duplicates for each sample in the carba-
zole assays. The results indicated that within this DNA con-
centration range, neither the Alcian Blue assay (Fig. 8A) nor
the carbazole assay (Fig. 8B) was affected by DNA contami-
nation.

The Alcian Blue Assay is Sulfation Dependent

Next we examined the impact of sulfation on the GAG
assays. We used for this purpose three heparin species, each
with a different degree of sulfation. Heparin is the most sul-
fated species, NDSNAc-heparin provides an intermediate
degree of sulfation, and CDSNAc-heparin is the least sul-
fated species. The HPLC assay and the carbazole assays
could detect all three different heparin species (Fig. 8D), and
concentrations were the same when measured by the carba-
zole (Fig. 8D) and HPLC assays (HPLC data not shown). In
contrast, the Alcian Blue assay did not detect CDSNAc-
heparin, the unsulfated species (Fig. 8C). This last result was
consistent with a previous report which indicate that the Al-
cian Blue assay cannot detect HA, another unsulfated GAG
[23]. The Alcian Blue assay did yield similar concentration
response curves for sulfated GAGs ranging from 1 to 2.7
sulfates per disaccharide (Fig. 4A). Thus, the Alcian Blue
assay can be used to quantify mixtures of sulfated GAGs.

Table2. Quantification by HPLC and Carbazole Methods
GleN GalN GleN+GalN GlcA GleN+GalN:GlcA ratio GAG, HPLC GAG, Carbazole
(pmol) (pmol) (pmol) (pmol) (mg/ml) (mg/ml)
CS-A 201 1250 1452 2514 0.58 0.74 1.27
CS-B 117 1470 1587 1099 1.44 0.80 0.56
CS-C 148 1208 1356 1375 0.99 0.69 0.70
CS-D 0 1564 1564 1380 1.13 0.89 0.78
CS-E 0 1847 1847 1505 1.23 1.05 0.85
Heparin 954 0 954 1278 0.75 0.61 0.82
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Fig. (6). CS-A (0.1mg/ml) or Heparin (0.1mg/ml) was dissolved in
0, 0.01, 0.05, 0.10, 0.5, and 1M NaCl solutions. Control solutions
contained 0.01, 0.05, 0.10, 0.5, and 1M NaCl only. (A) 40ul dupli-
cates of each solution were assayed by the carbazole method; (B)
10ul duplicates were assayed by the Alcian Blue method.

DISCUSSION

The HPLC assay is the most sensitive GAG quantifica-
tion method available. It can be used to quantify the major
classes of GAGs and can determine whether glucosamine
GAGs, such as HS, KS, and HA, are contaminated with ga-
lactosamine GAGs, such as CS and DS or vice versa. How-
ever, the assay is time consuming and requires an HPLC
with a fluorescence detector and Pico-tag hydrolysis station,
instruments that are not available in most laboratories. Other
methods have been developed for general carbohydrate
analysis [26] and in some cases they can substitute for the
HPLC method if the GAGs are completely hydrolyzed into
non-sulfated uronic acid and glycosamine. This procedure
also requires a Pico-tag hydrolysis station because GAGs are
more difficult to hydrolyze than N- or O-linked oligosaccha-
rides.

GAGs are relatively heterogeneous polysaccharides
whose biological activities are usually determined by spe-
cific structural subsets. Thus the capacity to distinguish
among GAG structural classes and detect possible GAG-
cross contamination can be essential in the elucidation of

Open Glycoscience, 2008, Volume 1 35

129 A

10.4 1.4 12.4 13.4 14.4

—0.0M NaCl
—0.5M NaCl
o —1.0M NaCl

10.4 1.4 12.4 13.4 14.4

0 v N T )
10.4 1.4 12.4 13.4 14.4

Retention Time (min)

Fig. (7). CS-A (0.01mg/ml) or heparin (0.01mg/ml) was dissolved
in 0, 0.5, and 1M NaCl and 1pl duplicates were independently
hydrolyzed and analyzed by the HPLC method.

GAG-ligand interactions. Not all GAG classes can be relia-
bly detected by enzymatic degradation, for example it is well
established that mammalian and bacterial hyaluronidase [27]
and chondroitinase [28] digest both CS and HA. Similarly,
nitrous acid treatment can be used to remove heparin, but it
can also generate nitrous acid resistant HS fragments that
can co-purify with other GAGs. Thus, the HPLC method
remains the assay of the choice to distinguish among the
major GAG structural groups.

Both the carbazole and the Alcian Blue assays [23] can
be performed in most laboratory settings, although neither
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Fig. (8). CS-A (0.1mg/ml) or heparin (0.1mg/ml) was dissolved in solutions containing 0, 0.02, 0.05, 0.1, and 0.2mg/ml DNA. Two 10ul
duplicates of each solution were assayed by the Alcian Blue method (A) and two 40ul duplicates were assayed by the carbazole method (B).
Heparin, NDSNA c-heparin, and CDSNAc-heparin were quantified by the Alcian Blue (C) and carbazole (D) assays. The data shown is rep-

resentative of three independent experiments.

can distinguish between glucosamine- and galactosamine-
containing GAGs. The carbazole assay is based on the quan-
titative concentration-dependent color reaction between car-
bazole and uronic and can be as reliable as the HPLC assay
for quantifying uronic acid containing GAGs [21,22]. How-
ever, the carbazole assay cannot detect KS, which lacks
uronic acid residues. We also observed that NaCl contamina-
tion generated false positive signals. Thus, it is essential that
GAG samples must be salt-free. We observed previously that
the carbazole assay overestimates concentration for GAGs
that had undergone size exclusion chromatography in a salt
containing buffer (Zhang L., unpublished data). The salt ef-
fect described in this report accounts for that observation.
Since gel filtration is a common way of obtaining biologi-
cally active GAG oligosaccharide fragments, removing the
salts before performing the carbazole assay must be included
for achieving an accurate GAG quantification. Interestingly,
Bitter and Muir also reported that the carbazole assay is sen-
sitive to glucose, and that certain types of GAG signals are
sensitive to chloride ions [21]. We conclude that the validity
of the carbazole assay is largely dependent on GAG purity.

The sensitivity of our carbazole assay was 5-fold higher
than that of the conventional assay [21,22] due to a 5-fold
reduction in the reaction volume. It can detect as little as
1.25nmol (1.25nmol x 194 = 243ng) GlcA (Fig. 4) which
produces a signal of 0.040+0.002 absorbance units above the
background. In contrast, the conventional carbazole assay
consumes ~ 2-5ug of GAGs. Cesaretti et al. also miniatur-
ized the carbazole assay and adopted the same reaction vol-

ume that we used, but in a 96-well format [29]. Surprisingly,
the sensitivity of their assay is identical to the conventional
tube assay, i.e., 1pg for GlcA and 3pg for GAGs. While they
theoretically should have observed the same enhanced sensi-
tivities that we did, it appears likely that the stringent tem-
perature control required for thorough GAG hydrolysis and
carbazole reactions cannot be achieved in a 100°C oven with
an open lid 96-well format [29]. Indeed, when we adapted
our reactions to their 96-well platform we observed a dra-
matic loss in GAG sensitivity (data not shown).

The Alcian Blue assay is the fastest way to quantify
GAGs. Alcian Blue is a tetravalent cationic dye with a hy-
drophobic core that contains copper, which gives it its Blue
color. Alcian Blue interacts with sulfated GAGs with high
specificity at a pH low enough to neutralize all carboxyl and
phosphoric acid groups and at an ionic strength great enough
to eliminate ionic interactions other than those between Al-
cian Blue and sulfated GAGs. Based on the specific interac-
tions between sulfated GAGs and Alcian Blue, the GAG
quantification assay, in addition to other applications, has
been developed [23].

The Alcian Blue protocol we used is 4-fold more sensi-
tive than the miniaturized carbazole assay (Fig. 3) and the
dot blot/reflection Alcian Blue assay [30] is even more sensi-
tive. However, there are multiple issues associated with the
Alcian Blue assay. First, Alcian Blue is not a well-defined
compound; the solubility and GAG-binding characteristics of
Alcian Blue not only differ among different manufacturers
but also vary between batches from the same manufacturer.
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Thus, preliminary experiments are required to characterize
the specific Alcian Blue dye before using it for quantifica-
tion. Second, Alcian Blue-GAG interactions are sulfation
and structure dependent; Alcian Blue does not bind non-
sulfated GAGs [31]. Third, since this assay only detects sul-
fated polysaccharides, there is no monosaccharide or oligo-
saccharide “standard” GAG that can be used in the Alcian
Blue assay to generate concentration response curves for
GAG quantification. Therefore, the Alcian Blue assay is a
“relative” GAG quantification method by nature.

In summary, the HPLC method should be the primary
choice for quantification of both commercially available
GAGs and GAGs purified from biological sources because it
is extremely sensitive and it reliably distinguishes glucosa-
mine- and galactosamine-containing GAGs. The carbazole
assay is as reliable as the HPLC assay for the quantification
of uronic acid containing GAGs, but the GAGs must be free
of salts and other sugars such as glucose. The Alcian Blue
assay is a fast and easy way to quantify GAGs but the values
obtained by this assay should be interpreted with care be-
cause of its dependence on sulfation.

Multiple proteoglycans, such as syndecan, endocan, and
glypican, and GAG structure editing enzymes, such as
heparanase, sulfatases, and hyaluronidases, have been al-
leged to be cancer diagnosis and prognosis markers, or
treatment targets [32-39]. The biological functions of pro-
teoglycans are largely due their GAG chains. Thus, simple,
sensitive, and robust GAG quantification methods are
needed for the development of biomarkers. We suggest that
an automated HPLC assay would be generally useful for the
routine measurement of a panel of GAG-based biomarkers
while the carbazole assay and the Alcian Blue assays could
prove valuable for more specific purposes.

MATERIALS & METHODS
GAG Sources and Storage

Heparin from porcine intestinal mucosa (H4784), CS-A
from bovine trachea (C8529), CS-B from porcine intestinal
mucosa (C3788), and CS-C from shark cartilage (C4384)
were purchased from Sigma. CS-D rom Shark cartilage (Cat.
# 230689) was purchased from Calbiochem. Two 1pg sam-
ples of squid cartilage CS-E were purchased, one from
Calbiochem (cat. # 230690) and one from Seikagaku (Cat. #
400678). A chemically modified heparin kit with completely
desulfated, re-N-acetylated (CDSNAc) and N-sulfated, re-N-
acetylated (NDSNAc) heparin was purchased from Seika-
gaku (Cat. # 400645). HPLC analysis revealed that the
NDSNAc-heparin had ~3.8% GalN-containing GAG con-
taminations whereas no GalN was observed in the CDSNAc-
heparin. These results were in agreement with our early ob-
servations that GAG-cross contamination was batch-
dependent (Figs. 1 and 2).

We observed that GAG concentration gradually de-
creased when GAGs were stored at 4°C at a concentration of
Img/ml. We made 10mg/ml GAG aliquots in siliconized
tubes and stored them at -20°C. For quantification purposes,
we made fresh 1mg/ml of GAG working solutions from the
10mg/ml stock solution. For the carbazole and Alcian Blue
assays, we made 200ul master serial dilution solutions in
water containing 1mg/ml, 0.5mg/ml, 0.25mg/ml, 0.125
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mg/ml, 0.0625mg/ml, or 0.03125mg/ml GAGs. Two 10ul
duplicates of each GAG dilution were used for the Alcian
Blue assay (10pg, Sug, 2.5ng, 1.25ug, 0.625ug, and 0.3125
ng, respectively) and two 40ul duplicates were used for the
carbazole assay (40pg, 20png, 10pg, Spg, 2.5ug, and 1.25ug,
respectively).

The HPLC Method

GAGs were subjected to acid hydrolysis, sodiumborohy-
dride reduction, precolumn derivatization with o-phthal-
dialdehyde (OPA) and 3-mercaptopropionic acid (3MPA),
and reversed phase HPLC separation with fluorescence de-
tection of the isoindole derivatives. GAG aliquots containing
360pmol of norleucine as an internal standard were dried in
pyrolized glass vials (Agilent, Palo Alto, CA, part 5181-
8872) before hydrolysis with HCI vapor in N, gas at 100 °C
for 3 hours. The samples were rehydrated in 45ul of 0.56%
NaBH, to reduce the glucosamine and galactosamine liber-
ated by acid hydrolysis into glucosaminitol and galactosa-
minitol, respectively. After an overnight incubation at room
temperature, the reaction was terminated by adding Sul of
2N acetic acid to each vial. The sample was dried by speed-
vac and dissolved in Sul water for precolumn derivatization
with 35ul of 7.5mM OPA, 375mM 3MPA, in 0.4N borate
adjusted to pH 9.3 with NaOH. Half of this reaction mixture
was injected onto a 4.6 x 250mm C-12 column, a Synergi 4pn
MAX-RP 80 A (Phenomenex, Torrance, CA, part 00G-4337-
EO0), and heated to 35 °C. The column was equilibrated with
Buffer A, consisting of 0.05M (monobasic and dibasic) so-
dium phosphate, pH 7.2 in 25% methanol, at a flow rate of
0.8ml/min. Buffer B consisted of methanol, water, and tetra-
hydrofuran at 70:30:3 volume ratios. After injection, Buffer
B was increased from 0 to 8% by a linear gradient between 0
and 3 min, was maintained at 8% between 3 and 18 min, at
55% between 18 and 30.5 min, at 100% between 30.5 and
32.5 min, and at 0 % between 32.5 and 35 min. A 5 min
post-run interval at 0% B preceded the initiation of the next
precolumn derivatization injection sequence. The fluorescent
derivatives of glucosaminitol, galactosaminitol, and the
amino acids contained in the GAG preparations were excited
at 337 nm and detected at 454 nm. A more detailed descrip-
tion of this assay can be found in the original publication
[20].

The Carbazole Method

Carbazole-based quantification involves two steps: 1.)
hydrolyzing GAGs into uronic acid and glycosamine with
0.025M sodium tetraborate (Sigma) in sulfuric acid; and 2.)
coloring uronic acid with carbazole (Sigma). Both reactions
require boiling for 10 min. A glass tube containing 3.6ml of
reactants with a marble on top is usually used for the carba-
zole assay. The marble prevents splashing of sulfuric acid
during boiling and the potential hazard caused by the tube’s
cap popping. The assay sensitivity is 1pg for GIlcA and 3pg
for GAGs. For GAG quantification, at least two ~5ug dupli-
cate samples of unknown the GAG are required. We rea-
soned that if we scaled down the reaction volume, the same
amount of GAGs would generate more concentrated colors,
and thus enhance the assay sensitivity of this assay.

We used a PCR instrument set at 100°C for the hydroly-
sis and carbazole reactions. The reagents used in the carba-
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zole assay were 0.025M sodium tetraborate-10 H,O in sulfu-
ric acid (H,SO4+Borex) and 0.125% carbazole in absolute
ethanol (W/V). We added 200l of the H,SO4+Borex solu-
tion to 40ul of GAG solution or water (blank control). The
tubes were capped and vortexed briefly. The tubes were then
put into a PCR instrument with the lid securely locked. The
PCR instrument was programmed to run for 15 min at 100°C
and then cool down to 4°C. To each tube, 8ul of carbazole
solution was added followed by a brief vortex. The tubes
were returned to the PCR instrument for the carbazole reac-
tion, which was run at 15 min at 100°C and then cooled to
4°C. The samples were vortexed and 200ul of each sample
was transferred to a 96 well plate. The absorbance at 530nm
was measured by a Spectra MAX M2 plate-reading spectro-
photometer (Molecular Devices, Sunnyvale, CA). GIcA was
used as an external standard, and the standard curve was
derived by plotting absorbance against the concentration of
GIcA or standard GAG.

The Alcian Blue Method

We used a simpler Alcian Blue assay [24] than the assay
described by Karlsson and Bjornsson [23]. In brief, the Al-
cian Blue dye stock solution consisted of a 1/100 dilution of
the original dye solution (1g Fluka Alcian Blue 8GS with
100ml of 18mM H,SO, ). The 1/100 dilution was brought to
an absorbance of ~1.4 at 600nm by adding additional dye (if
needed). This was followed by centrifugation at 10,000rpm
for 30 min to remove insoluble dye particles. The working
dye solution containing 0.25% Triton X-100, 0.018M H,SO,
and 10% dye stock was made and filtered (0.2um filter).
10ul of a solution containing 0.027M H,SO,, 0.375% Triton
X-100, and 4M guanidine HCI was added to each 10ul ali-
quot of a GAG standard series (0, 0.3175pg, 0.625pug,
1.25pg, 2.5ng, Sug, and 10pg in 10ul of water) along with
100pl of working dye solution. After microcentrifugation for
10 min at 16000g at 4°C, the supernatant was aspirated and
the pellet was dissolved in 500ul of 8M guanidine HCI by
rigorous vortexing.

The samples were centrifuged for 3 min at 16000g. 300ul
of supernatant was transferred to a 96-well plate. The absor-
bance at 600 nm was measured using a Spectra MAX M2
plate-reading spectrophotometer.

Determining Concentration Response Curves

The concentration response curves for both the carbazole
and the Alcian Blue assays were plotted using the GraphPad
Prism software. The software automatically formulated the
equations, in which A is equal to measured absorbance and ¢
is equal to the amount of GAGs expressed in pg. The base
line absorbance readings and equations changed from day to
day due to changes in reagents, sample preparations, or other
unknown factors, but the 7* values of both assays were al-
ways > 0.98, indicating their reliability.

Comparison of GAG Quantity as Determined by the
HPLC And Carbazole Assays

We calculated the A value for 1pg of each GAG by using
the corresponding carbazole curve fitting equation shown in
Fig. (4B). We then used the A values in the GIcA equation, ¢
= 26.784 + 0.4524, to calculate equivalent GIcA quantities
based on activity. The HPLC method includes an internal
standard, norleucine (NorL), and a series of external GlcN-

Frazier et al.

OH and GalN-OH standards. Based on the calibration curves
of the GIcN-OH and GalN-OH, the nmols of GlcN and GalN
equivalent to the fluorescence units generated by lpg (dry
weight) of GAGs were calculated (Table 2). The 1pg GAG
equivalent pmols of GIlcA and the ratio of GlcN+GalN (as
quantified by HPLC) to GlcA for each GAG was summa-
rized in Table 2. The GIcA values plotted in Fig. (4B) were
2524, 906, and 861pmol for 1, 10, and 40pg of CS-A respec-
tively. 2524pmol value was used to calculate the absorbance
(A) value.

Molecular Weights Of GAG Dissacharides

An analysis of GAG disaccharides by capillary
HPLC/MS (not shown) indicated that CS-A, CS-B, and CS-
C had ~1 sulfate per repeating disaccharide; CS-D and CS-E
had ~1.6 sulfates per disaccharides; and heparin had 2.7 sul-
fates per disaccharide. Because all of the GAGs are in the
sodium form, the mg/ml GAG concentrations were calcu-
lated based on F.W. 505 (379 for repeating disaccharides +
80 for sulfate + 2 x 23 for sodium) per disaccharide for CS-
A, CS-B, and CS-C; 566.8 (379 + 1.6 x 80 + 2.6 x 23) per
disaccharide for CS-D and CS-E, and 638 (337 + 2.7 x 80 +
3.7 x 23) per disaccharide for heparin.

Low pH Nitrous Treatment of HS-Containing CS-B

A standard low pH nitrous treatment procedure was used
to remove HS from the contaminated CS-B [25]. In brief,
CS-B was treated with HNO, at pH 1.5 for 30 minutes on
ice. The treated CS-B sample was dialyzed against water in
5K cut-off dialysis tubing for two days and then dried and
re-dissolved in water.

Preparation of Oligosaccharides from CS-B

The CS-B oligosaccharides were prepared by a previ-
ously published procedure [40]. In brief, both purified and
contaminated samples of CS-B were partially deacetylated
with hydrazine/hydrazine sulfate and then reacted with high
pH nitrous acid, which quantitatively cleaves the glycosidic
linkages following N-unsubstituted D-galactosamine resi-
dues (N-acetyl-D-glycosamine residues are resistant to
deaminative cleavage at high pH). This procedure yields
oligosaccharide mixtures.

The mixtures were then separated into different oligosac-
charides by gel filtration on a Bio-Gel P-10 column. Aliquots
of purified oligosaccharides were then quantified by the
HPLC method.

ACKNOWLEDGEMENTS

We thank Dr. Douglas D. Tollefsen for his insightful
suggestions and critiques of the manuscript. This work is
supported in part by National Institutes of Health Grant:
RO1GMO069968.

REFERENCES

[1] Toleffsen DM, Zhang L. In: Colman RW, Ed. Hemostasis and
Thrombosis. Lippincott Williams & Wilkins 2006; 271-83.

[2] Robertson MS. Heparin: the cheap alternative for immunomodula-
tion in sepsis? Crit Care Resusc 2006; 8: 235-38.

[3] Girardi G. Heparin treatment in pregnancy loss: Potential therapeu-
tic benefits beyond antigcoagulation. J Reprod Immunol 2005; 66:
45-51.

[4] Chancellor MB, Yoshimura N. Treatment of interstitial cystitis.

Urology 2004; 63: 85-92.



Glycosaminoglycan Quantification

[14]

[17]

(23]

Falanga A. The effect of anticoagulant drugs on cancer. J Thromb
Haemost 2004; 2: 1263-5.

Gao Y, Li N, Fei R, Chen Z, Zheng S, Zeng X. P-Selectin-mediated
acute inflammation can be blocked by chemically modified hepa-
rin, RO-heparin. Mol Cells 2005; 19: 350-55.

Varki NM, Varki A. Heparin inhibition of selectin-mediated inte-
ractions during the hematogenous phase of carcinoma metastasis:
rationale for clinical studies in humans. Semin Thromb Hemost
2002; 28: 53-66.

Wang L, Brown JR, Varki A, Esko JD. Heparin’s anti-inflam-
matory effects require glucosamine 6-O-sulfation and are mediated
by blockade of L- and P-selectins. J Clin Invest 2002; 110: 127-36.
Volpi N. Therapeutic applications of glycosaminoglycans. Curr
Med Chem 2006; 13: 1799-810.

Conrad HE. Heparin-Binding Proteins. San Diego: Academic Press
1998.

Bishop JR, Schuksz M, Esko JD. Heparan sulphate proteoglycans
fine-tune mammalian physiology. Nature 2007; 446: 1030-7.
Godden JL, Edward M, MacKie RM. Melanoma cell-derived facter
stimulation of fibroblast glycosaminoglycan synthesis—the role of
platelet-derived growth facter. Eur J Cancer 1999; 35: 473-80.
Prante C, Milting H, Kassner A, et al. Transforming growth factor
beta l-regulated xylosyltransferase I activity in human cardiac
fibroblasts and its impact for myocardial remodeling. J Biol Chem
2007;282: 26441-9.

Guerrini M, Naggi A, Guglieri S, Santarsiero R, Torri G. Complex
glycosaminoglycans: profiling substitution patterns by two-
dimensional nuclear magnetic resonance spectroscopy. Anal Bio-
chem 2005; 337: 35-47.

Saad OM, Leary JA. Compositional analysis and quantification of
heparin and heparan sulfate by electrospray ionization ion trap
mass spectrometry. Anal Chem 2003; 75: 2985-95.

Kuberan B, Lech M, Zhang L, Wu ZL, Beeler DL, Rosenberg RD.
Analysis of heparan sulfate oligosaccharides with ion pair-reverse
phase capillary high performance liquid chromatography-
microelectrospray ionization time-of-flight mass spectrometry. J
Am Chem Soc 2002; 124: 8707-18.

Toyoda H, Kinoshita-Toyoda A, Fox B, Selleck SB. Structural
analysis of glycosaminoglycans in animls bearing mutations in su-
garless, and tout-velu. Drosophila homologues of vertebrate genes
encoding glycosaminoglycan biosynthetic enzymes. J Biol Chem
2000; 275: 21856-61.

Volpi N, Maccari F. Electrophoretic approaches to the analysis of
complex polysaccharides. J Chromatogr B 2006; 834: 1-13.

Lee YC. High-performance anion-exchange chromotography for
carbohydrate analysis. Anal Biochem 1990; 189: 151-62.

Studelska DR, Giljum K, McDowell LM, Zhang L. Quantification
of glycosaminoglycans by reversed-phase HPLC separation of flu-
orescent isoindole derivatives. Glycobiology 2006: 16; 65-72.
Bitter T, Muir HM. A modified uronic acid carbazole reaction.
Anal Biochem 1962; 4: 330-4.

Plaetzer M, Ozegowski JH, Neubert RH. Quantification of hyalu-
ronan in pharmaceutical formulations using high performance ca-
pillary electrophoresis and the modified uronic acid carbazole reac-
tion. J Pharm Biomed Anal 1999; 21: 491-96.

Karlsson M, Bjornsson S. Quantification of proteoglycans in biolo-
gical fluids using Alcian blue. Methods Mol Biol 2001; 171: 159-
73.

[27]

[37]

[38]

[39]

[40]

Open Glycoscience, 2008, Volume 1 39

Zhang L, Lawrence R, Schwartz JJ, et al. The effect of precursor
structures on the action of 3-OST-1 and the biosynthesis of antico-
agulant heparan sulfate. J Biol Chem 2001; 276: 28806-13.

Guo YC, Conrad HE. Analysis of oligosaccharides from heparin by
reversed=phase ion-pairing high-perofrmance liquid chroma-
tography. Anal Biochem 1988; 168: 54-62.

Campo GM, Campo S, Ferlazzo AM, Vinci R, Calatroni A. Impro-
ved high-performance liquid chromatographic method to estimate
aminosugars and its application to glycosaminoglycan determinati-
on in plasma and serum. J Chromatogr B Biomed Sci Appl 2001;
765: 151-60.

Sugahara K, Tanaka Y, Yamada S. Preparation of a series of sulfa-
ted tetrasaccharides from shark cartilage chondroitin sulfate D
using testicular hyaluronidase and structure determination by 500
MHz "H NMR spectroscopy. Glycoconj J 1996; 13: 609-19.

Huang W, Lunin VV, Li Y, ef al. Crystal Structure of Proteus vul-
garis Chondroitin Sulfate ABC Lyase I at 1.9 A resolution. J Mol
Biol 2003; 328: 623-34.

Cesaretti M, Luppi E, Maccari F, Volpi N. A 96-well assay for
uronic acid carbazole reaction. Carbohydr Polym 2003; 54: 59-61.
Bjornsson S. Quantitation of proteoglycans as glycosaminoglycans
in biological fluids using an Alcian blue dot blot analysis. Anal
Biochem 1998; 256: 229-37.

Bjornsson S. Simultaneous preparation and quantitation of prote-
oglycans by precipitation with alcian blue. Anal Biochem 1993;
210:28291.

Anttonen A, Leppae S, Ruotsalainen T, Alfthan H, Mattson K,
Joensuu H. Pretreatment serum syndecan-1 levels and outcome in
small cell lung cancer patients treated with platinum-based che-
motherapy. Lung Cancer 2003; 41: 171-7.

Fuster MM, Esko JD. The sweet and sour of cancer: glycans as
novel therapeutic targets. Nat Rev Cancer 2005; 5: 526-42.
Grigoriu BD, Depontieu F, Scherpereel A, et al. Endocan expressi-
on and relationship with survival in human non-small cell lung
cancer. Clin Cancer Res 2006; 12: 4575-82.

Kim H, Xu GL, Borczuk AC, et al. The heparan sulfate proteogly-
can GPC3 is a potential lung tumor suppressor. Am J Respir Cell
Mol Biol 2003; 29: 694-701.

Lokeshwar VB, Rubinowicz D, Schroeder GL, et al. Stromal and
Epithelial expression of tumor markers Myaluronic acid and HY-
ALl lyaluronidase in prostate cancer. J Biol Chem 2001; 276:
11922-32.

Morimoto-Tomita M, Uchimura K, Bistrup A, et al. Sulf-2, a pro-
angiogenic heparan sulfate endosulfatase, is upregulated in breast
cancer. Neoplasia 2005; 7: 1001-10.

Vlodavsky I, Friedmann Y. Molecular properties and involvement
of heparanase in cancer metastasis and angiogenesis. J Clin Invest
2001; 108: 341-7.

Yang Y, Macleod V, Miao HQ, et al. Heparanase enhances synde-
can-1 shedding: a novel mechanism for stimulation of tumor
growth and metastasis. J Biol Chem 2007; 282: 13326-33.
Maimone MM, Tollefsen DM. Structure of dermatan sulfate hexa-
saccharide that binds to heparin cofactor II with high affinity. J
Biol Chem 1990; 265: 18263-71.

Received: May 28, 2008

© Frazier et al.; Licensee Bentham Open.

This

is an open

access article licensed under the

terms

Revised: July 03,2008

the

Accepted: July 07,2008

Creative Commons Attribution Non-Commercial License

(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the

work is properly cited.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


