Journal of Chromatograpky, 202 (1980) 453-459
Elsevier Scientific Publishing Company, Amsterdam — Printed in The Netherlands

CHROM. 13,260

SEPARATION AND QUANTITATIVE DETERMINATION OF GALACTOS-
AMINE AND GLUCOSAMINE AT THE NANOGRAM LEVEL BY SUL-
PHONYL CHLORIDE REACTION AND HIGH-PERFORMANCE LIQUID

CHROMATOGRAPHY

A. HJERPE*

Department of Pathology I, Karolinska Institute, F2 42, Huddinge Hospital, S-141 86 Huddinge
(Swedern)

C. A. ANTONOPOULOS

Labaratary of Organic Chemistry, University of Patras, Patras (Greece)

and

B. CLASSON® and B. ENGFELDT

Department of Pathology I, Karolinska Institute, F2 42, Huddinge Hospital, S-141 86 Huddinge
(Sweden)

(First received June 27th, 1980; revised manuscript received August 18th, 1980)

SUMMARY

Two chromatographical systems for the separation and determination of
glucosamine and galactosamine are described. In the more rapid and less sensitive of
the two systems, the hexosamines are treated with toluene sulphonyl chioride and
subsequently separated in a reversed-phase system. In this mode 0.4-50 uzg of the
hexosamines are chromatographed within 10 min. In the second and more sensitive
system, the hexosamines are treated with Dns-Cl and subsequently chromatographed
in a similar reversed-phase column. With this method, the separation of 0.02-2 g is
possible within 25 min. When internal standard was used, the procedure was lengthened
by ca. 10 min. Both determinations can also be used when there are large differences
in the relative amounts of the two hexosamtines.

INTRODUCTION

The separation and characterization of hexosamines is of great importance
in the study of pglycosaminoglycans as well as in that of glycoproteins and
glycolipids. p-Glucosamine and p-galactosamine and their N-acetylated derivatives
are the most frequently encountered of these aminoglycans. A variety of methods,
including iom-cxchange chromatography's?, thin-layer chromatography (TLC)?,
paper chromatography?* and gas-liquid chromatography®, have been described for
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the study of these substances. These methods are either rather Iaborious or insensi-
tive when only a few micrograms or less are available.

The development of high-performance liquid chromatographic (HPLC)
techniques offers possibilities for scaled-down and rapid separation. Attempts to
separate these amino sugars using different kinds of resin were, however, less success-
ful owing to poor resolution in the columns as well as low sensitivity of the detectors
used.

Sulphonyl chlorides such as 5-dimethylaminonaphthalene-1-sulphonyl chloride
(Dns-Cl) have previously been used to detect primary amino groups in proteins® as
well as in hexosamines’. Apart from being more easily detected, such derivatives
seemed suitable for chromatographical separation in reversed-phase systems. The
aims of this investigation were therefore to develop suitable procedures for the
reaction with sulphonyl chlorides and to find optimal conditions for the subsequent
chromatographic separation of the glucosamine and galactosamine derivatives. Two
systems were tested, employing toluene sulphonyl chloride and Dns-Cl, respectively.

MATERIALS AND METHODS

Proteoglycan aggregates were prepared from puppy epiphyseal cartilage
according to the method of Hascall and Sajdera®. Glycosaminoglycans were obtained
from Sigma (St. Louis, MO, U.S.A.) as their “grade I” preparations. PH]Glucos-
amine hydrochloride was obtained from Amersham (Arlington Heights, IL, U.S.A.)
and further purified chromatographically according to Antonopoulos’. Brij-35 (poly-
oxyethylene ether or lauryl alcohol) was obtained as a 309 solution from Sigma.
The acetonitrile used was of a reagent grade (Baker, Phillipsburg, NJ, U.S.A.) and
LiOH was of a puriss grade. All other chemicals used were of p.a. grade.

As the typical experiment for hexosamine determination, the following proce-
dure was followed. The hexosamine-containing materials were hydrolyzed for 3 h
with 8 M HCI at 95°C®. After lyophilization, protein-rich materials were purified
using a modified Boas procedure®®. Here the hydrolysates were dissolved in water and
added to Dowex 50-X8 columns (8 X 3 mm I.D.). These columns were washed with
0.5 ml of water and the hexosamines were eluted with 0.2 m! of 2 M HCL. This fraction
was lyophilized over NaOH pellets. The material was then dissolved in 25 gl of 0.1 M
lithium acetate, which was prepared from a LiOH soluy - by adjusting the pH to
8.5 with acetic acid. Subsequently 75 ul of the sulphonyl chloride as a 1 mg/ml
solution in acetone was added. Dns-Cl was used to detect amounts of hexosamines
a few micrograms cr less, while for larger amounts, toluene sulphonyl chloride was
preferred. The tubes were subsequently sealed and left in the dark overnight. Prior
to chromatography, particulate materials were removed by centrifugation at 10,000 g
for S min.

For both kinds of derivative reversed-phase columns were used. The sub-
stances separated similarly in the different octadecylsilane resins tested. These were:
Hypersil ODS (Shandon Southern Products, London, Great Britain) and LiChrosorb
5 RP-18 (Merck, Darmstadt, G.F.R.) packed in 200 X 4.6 mm 1.D. columns; Waters
C,s (Waters Assoc., Milford, MA, U.S.A)) packed in a 300 x 3.9 mm 1L.D. column
(custom packed);-and Supelcosil RC-18 (Supelco, Crans, Switzerland) in a custom-
packed column (150 X 4.6 mm I.D.). The toluene sulphonyl derivatives were separated
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in 150 x 4.6 mm 1.D. Hypersil ODS columns. The material was mostly added in
portions of 25 yl or less, using a loop injector.

The Das derivatives were eluted with an 189, mixture of acetonitrile in water
containing 0.1 %, Brij-35. With the Hypersil ODS resin and a flow-rate of 1.3 ml/min,
a backpressure of 14 MPa (2000 p.s.i.) was obtained. Between each chromatogram
the column was washed with ten column volumes of 99.7 % acetonitrile, containing
0.1% Brij-35, followed by four column volumes of the 189, acetonitrile solution
prior to the next imjection. Using an Altex Model 420 programmer the washings
could be performed automatically, enabling one chromatogram to be run every 35 min.
The Dns derivatives could, however, be purified prior to the HPLC procedure,
whereby a few daily washings sufficed. This purification was performed as follows.
The reaction mixture was kept ir vacuo for 2 h, reducing the volume by 75%,
corresponding to the acetone volume. Water was added to restore the original
volume, and the material was injected in a Sep-Pak C,s cartridge (Waters Assoc.).
Most of the front material was washed away with 7 ml of 20 % methanol, and virtually
all hexosamine material was recovered with 3 ml of 609/ methanol. Aliquots of this
fraction could be taken directly for chromatography, or the material could be concen-

" trated by desiccation, The recordings were made using a2 Schoefiel FS 970 fluorometer
(Schoeffel Instruments, Kratos Inc.), with an excitation wavelength of 340 nm and
a 470-nm cut-off filter for emitted light.

Toluene sulphonyl derivatives were eluted with 8 9/ acetonitrile in water con-
taining 0.1 95 Brij-35, and the eluent was pumped at a flow-rate of 2 ml/min (10 MPa).
These columns were similarly washed after each chromatogram and one run could be
performed each 12 min. The toluene sulphonyl derivatives could also be purified using
a Sep-Pak C,g procedure, thereby reducing the need for column washes. Here front
material was washed out with 1.5 ml of 109, methanol and the hexosamines were
recovered with 3 ml of 309, methanol. The eluted peaks were recorded using an
LDC spectromonitor II UV detector at 247 nm.

An internal standard was used when the absolute amounts of the respective
hexosamines were to be determined. Tris(thydroxymethyl)aminomethane (Tris) seemed
suitable for this purpose. It was added as the Dns or toluene sulphonyl derivative
prior to the centrifugation. The washings were delayed 10 and 3 min, respectively,
when this internal standard was present.

RESULTS AND DISCUSSION

The sulphonyl chlorides readily reacted with the hexosamines under the con-
ditions described. Most material could be recovered within the two main peaks,
indicating a recovery exceeding 959, when radioactively labelled glucosamine was
used. Contrary to earlier reports’, this recovery was not achieved until after several
hours, and the resulting products were stable for weeks. This discrepancy with the
earlier results probably arises because better quantitation is obtained with HPLC
than with TLC.

When the reaction was performed according to the original description, using
a carbonate buffer instead of am acetate one, the fluorimetric recordings were
spoiled by considerable iailing of the front. This tailing was probably caused by
carbonate microprecipitates, and when acetate was used this tailing disappeared.
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Even if this buffer did not have the same capacity, it was sufficient to keep the reaction
mixture on the alkaline side of the pK; values of the hexosamines and the rate of the
reaction was thus not affected.

The Dns derivatives of the two hexosamines studied were eluted with their
main peaks at 18 min for galactosamine and at 20 min for the glucosamine derivatives
(Fig. 1). For both amino sugars a smaller peak was obtained shortly after 12 min.
When this peak was collected and rechromatographed, the original pattern with two
pezks was obtained. The same was also found on the rechromatography of pooled
material from the main peaks. These findings, and the fact that longer retention times
caused tailing from both of these peaks towards the other, show that the two peaks
interchange in a short time. It can therefore be suggested that these peaks represent
the @ and 8 anomers of the hexosamine. According to the chromatograms, 10-20%;
of the amino sugar derivatives were recovered in the first (probably ) peak.
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Fig. 1. Chromatography of glucosamine and galactosamine as their Dns derivatives on ODS-Hyper-
sil. The main peaks are eluted at 18 min (galactosamine) and 20 min (glucosamine). (a) 130 ng of
galactosamine; (b) 100 ng of glucosamine; (¢) 160 ng of galactosamine plus 120 ng of glucosamine;
(d) hydrolysate of epiphyseal cartilage proteoglycan aggregate corresponding to 250 ng of hexosamine
and showing a galactosamine:glucosamine ratio of 25:1.
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No further peak was obtained from glucosamine, whereas one additional peak
was recorded after 23 min from the galactosamine preparations (Fig. I). The material
of this additional peak also seems to be transformed into the main-peak material
during chromatography, necessitating a rapid chromatography to minimize the inter-
ference with glucosamine, which elutes in between. Since no corresponding peak was
obtained from the glucosamine material, it seems to be dependent on the configuration
of the hydroxy! group on the fourth carbon atom. In fact, evidence for an interaction
between vicinal cis-hydroxyl groups and surrounding cations has been reported by
Goulding!!. The third and fourth hydroxyl groups of galactosamine have such a cis-
relationship and this peak might therefore represent galactosamine with a cation
associated with these hydroxyl groups. To minimize this effect, a lithium salt was
chosen to buffer the sulphonyl chloride reaction (ammonium ions were incompatible
with these reagents). Sodium, which is the cation present in Fig. lc, caused a larger
peak at 23 min, and if potassium was used this peak became still larger.

Under the conditions described, with lithium acetate buffering the reaction,
the interval between these peaks at 18 and 23 min showed a baseline elevation of
only 19 of the preceding galactosamine main peak height. Furthermore, this eleva-
tion was the same in the whole interval, and it therefore did not interfere with the
estimation of the glucosamine peak area, also when high galactosamine:glucosamine
ratios were studied. The Dns-Tris derivative used as internal standard eluted at
30 min.

When these Dns derivatives were chromatographed the main peaks separated
with an e-value of 1.14, giving a bascline separation with the Hypersil, LiChrosorb or
Waters resins. The use of a Supelcosil resin, with its high bottom-plate number,
gave only slightly better performance. No significant reduction of the clution times
could thereby be obtained. The toluene sulphonyl derivatives could be more readily
separated owing to a higher e value (1.37) for the main peaks (Fig. 2). The detector
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Fig. 2. Chromatography of eguimolar amounts (3 z#g each) of glucosamine and galactosamine as
their toluene sulphonyl chloride derivatives. The main peaks are eluted at 5 min (galactosamine) and
7 min (glucosamine). The peak at 10 min is the Tris derivative used as internal standard.
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sensitivity for these derivatives is lower than for the Dns ones. When larger amounts
(a few micrograms or more) of hexosamines are available, however, this seems to be
the method of choice, since the main peaks can be separated in Iess than 8 min owing
to the high « value. When the Tris derivative was added this material was recovered
in 10 min.

The detection limit, expressed as twice the baseline noise, was for Dns deriva-
tives of the order of 0.5 ng of hexosamine added to the column. It was also shown
that 20 ng could be determined within a 59 confidence interval, this latter figure
including other errors such as pipetting errors. The cort&spondmg values for toluene
sulphonyl derivatives were 10 ng and 400 ng.

The standard curves were linear and they showed different recordings for
equimolar amounts of glucosamine and galactosamine, the former being 30-359%,
higher for the two kinds of separation. These differences may partly be due to differ-
ences in molar absorption and to differences in the ratios of - and f-anomers.
Therefore, standards containing both glucosamine and galactosamine should prefer-
ably b= used.

Dns-Amino acids were also tested, but none of them was found to interfere
with the hexosamines tested. To avoid interference with amino acids in large amounts,
however, the hydrolysates of protein-rich compounds should preferably be treated
with the Boas procedure as described above. From the Boas columns the recovery
was complete, and breakthrough did not occur with less than 1 mg of hexosamine
added. Nevertheless the proteoglycan preparation showed several small and un-
identified peaks (Fig. 1d), in spite of the Boas procedure. It seems as if such a hydrol-
ysate contains other kinds of Dns-reactive material, which in smaller amounts may
pass the preceding Dowex column together with the hexosamines. The obtained
galactosamine :glucosamine ratios were, however, the same as those obtained by
other methods?, and we thus have no indication of interfering materials being eluted
together with the main hexosamine peaks.

In the study of polymeric carbohydrates, methanolysis is sometimes a neces-
sary alternative to hydrolysis. Attempts were therefore made-to separate the 1-methyl-
hexosamines obtained from the methanolysis of different glycosaminoglycans. This
was done by eluting the Dns derivatives with 249/ acetonitrile at a flow-rate of
1.3 ml/min. Different products were thereby nicely separated, but a large number of
fluorescent derivatives were obtained. Thus 13-16 different retarded and separated
peaks could be identified for each of the glycosaminoglycans tested, and the
determination of galactosamine:glucosamine ratios thus became troublesome and
inaccurate. It therefore seems that methanolysis is less suitable for such determina-
tions than hydrolysis.

Washing of the column between each chromatographic run was necessary
with the sulphonyl derivatives, where at least six different minute peaks could be
distinguished during the washing procedure. In fact, if this washing was not performed,
the chromatographic conditions altered considerably, indicating some kind of parti-
tion chromatography with contaminants as a stationary phase. In fact, the separations
were even slightly better this way, but the conditions for good separations were not
constant, giving variations in retention times. With the preparative Sep-Pak procedure
described above, the separation did not change during twenty chromatographic runs.
Thus after such a preparation a few daily washings suffice.
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