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Abstract

Hydrophilic interaction liquid chromatography (HILIC) was used to separate monosaccharides that are common in N-linked oligosaccharides
in glycoproteins and other compounds. A TSKgel Amide-80 column was eluted with 82% acetonitrile, in 5mM ammonium formate (pH 5.5).
Column temperature was 6G and evaporative light scattering was used for detection (ELSD). With this metHodpse,p-galactosep-
mannoseN-acetylb-glucosamineN-acetylneuraminic acid, anetglucuronic acid were separated, with detection limits of 0.3p@.%or each
monosaccharide, and intermediate precisions were 3-6% RSB)(
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction [7], and capillary electrophoresis (CHB]. Cyclodextrin-
bonded silica gel columnf9] and supercritical fluid chro-
The analysis of monosaccharides and more complex carboratography (SFC)10] have also been used for carbohydrate
hydrates is often performed by column liquid chromatographyanalysis.
(LC)techniques. Normal-phase liquid chromatography (NPLC), Hydrophilic interaction liquid chromatography (HILIC) may
using amino-bonded silica columns, has been widely used fdre described as a variant of normal-phase chromatography,
many year$l]. High-performance anion-exchange chromatog-where a hydrophilic stationary phase is used in combination with
raphy with pulsed amperometric detection (HPAEC—PAD) isa mostly organic mobile phase, and elution is usually performed
a high-resolution technique for analyzing carbohydrdg®ds by increasing the water concentration. HILIC was introduced
Following derivatization of the reducing end of the monosacchaby Alpert[11] and has been used to analyze different types of
rides, where a hydrophobic chromophore is attached, reversedarbohydrates, including monosaccharides, disaccharides and
phase liquid chromatography (RPLC) can be used for semligosaccharide§l2—15] Monosaccharides that are common
aration [3]. Ligand-exchange chromatography (LEC), basedn glycoproteins, however, have not been separated by HILIC.
on the formation of a complex between hydroxyl groupsMany other polar compounds, e.g. peptides and amino acids
of carbohydrates and multivalent metal ions, such a%'Pb have also been analyzed by HIL[C1]. Direct detection of car-
bound to a cation exchange chromatography column, hasohydrates by UV absorbance or fluorescence is usually not
been used for the separation of monosaccharjdesMany  possible and refractive index (RI) detectors therefore are com-
other techniques have also been used for the separation ofonly used. Evaporative light scattering detection (ELSD) is
monosaccharides, e.g. Concanavalin A affinity chromatoga semi-universal HPLC detector, widely used to detect non-
raphy [5], fluorophore-assisted carbohydrate electrophoresigolatile compounds, such as carbohydrft¢éand lipidg16]. In
(FACE) [6], gas chromatography/mass spectrometry (GC/MSkontrast to Rl detection, ELSD may also be used with gradient

elution.
In this work, HILIC was used with ELSD detection, to sep-
* Corresponding author. arate several monosaccharides that are common in N-linked
E-mail address: goran.karlsson@octapharma.se (G. Karlsson). oligosaccharides in glycoproteins and other compounds.
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2. Materials and methods ofthe increased resolution and peak heiffigy (1). Anincreased
concentration of ammonium formate increased the retention
Ammonium formate,n-glucose, p-mannose,p-galactose, times for N-acetylneuraminic acid ano-glucuronic acid. We
L-fucose,N-acetylp-galactosaminely-acetylneuraminic acid, speculate that this might be dependent on the increased for-
and p-glucuronic acid (all of analytical grade) were obtainedmation of a complex between the carboxylic groups in the
from Sigma (Munich, Germany), and-acetylp-glucosamine monosaccharides and the ammonium ions in the mobile phase,
(>99%) was from Alfa Aesar (Karlsruhe, Germany). Acetoni- and that this complex s strongly bound to the column. The Tosoh
trile (far UV) was obtained from Labscan (Dublin, Ireland), manufacturer recommends pH 2.0-7.5 and 10-&8Being used
formic acid was from BDH (Poole, UK), and water was takenfor this HILIC column, and, thus, a temperature of&jin com-

from a Milli-Q apparatus (Millipore, Molsheim, France). bination with pH 5.5 would be expected to give an acceptable
column life time. The optimized method gave about three times
2.1. Separation of monosaccharides by HILIC lower detection limits than the initial conditions. At tempera-

tures below 40C the reducing monosaccharides, e-fucose

A Waters Alliance 2695 HPLC system was used togethegave partially resolved double peaks (data not shown), likely
with a 996 PDA UV detector, and Millennium as the control- due toa- andp-anomers formed by mutarotati¢h2,17]. An
ling software (Waters, Milford, MA, USA). The main detection elevated temperature, increase of pH by addition of amino com-
of monosaccharides was carried out using an ELSD detectgpounds, or increase in the concentration of acetonitrile have been
Sedex 75, from Sedere (Vitry sur Seine, France), coupled in-linshown to facilitate the collapse of anomer peaks, resulting in one
after the UV detector. Nitrogen was used as the ELSD nebudistinctive single peakl2,17]
lizer gas (3.5 bar), at a temperature of°@) and the gain was Six analyses were run, using separate standard curves of a
set to 8. The HPLC system included a carbamoyl-silica HILICmixture of all six monosaccharides. A reference sample, also
column (TSKgel Amide-80, fm, 80A, 250 mmx 4.6 mm containing a mixture of all six monosaccharides, was analyzed
I.D., from Tosoh, Stuttgart, Germany). The column was runin all analyses and the intermediate precisions for this sam-
at 60°C and the mobile phase used for isocratic elution conple were 3—6% RSD for the six monosaccharidéab(e 1.
tained 82% acetonitrile, in 5 mM ammonium formate (adjustedThe suboptimal resolution between mannose and galactose,
to pH 5.5 with formic acid). Standard curves from a mixturewhich gave a small peak overlap, may influence the results
of L-fucose,p-galactosep-mannoseN-acetylp-glucosamine, obtained for these carbohydrates. The mean linear correlation
N-acetylneuraminic acid, and glucuronic acid (40, 60, 80 ancoefficients (from the six analyses) for the log-log standard
100pg/mL of each monosaccharide), with a log-log linearcurves (2-5.g) were>0.99 and the limits of detection (S/N > 2)
curve fit, was used. All samples were injected in 90% acewere 0.3-0.3.g for all monosaccharidesTéble 1. These
tonitrile. The flow-rate was 1.0 mL/min and injection volumes detection limits are at the same level as reported previously,

were 50uL. where NPLC with ELSD detection was used for carbohydrate
analysigq1].
3. Results and discussion The selectivity of the HILIC method was investigated

and p-glucose andV-acetylp-galactosamine were found to
The optimized HILIC method presented here gave sepeoelute withp-galactose and/-acetyln-glucosamine, respec-
arated peaks for all common N-linked sugar residues ( tively (Fig. 1). Coelution of glucose and galactose using the
fucose,p-galactose p-mannose N-acetylp-glucosamine and Amide-80 HILIC column has previous been reporfte8]. How-
N-acetylneuraminic acid) in mammalian glycoproteiRgg( 1). ever, with respect to the analysis of carbohydrate composition
In addition, p-glucuronic acid was also separated. The lowesin glycoproteins,p-glucose is included in N-linked oligosac-
resolution Rs) obtained was between mannose and galactoseharides during biosynthesis, but is not commonly present in
Rs=0.9 at the qug level, and was considered acceptable. Thanature glycoproteins, and-acetylp-galactosamine is a sugar
monosaccharide-fucose (6-deoxy-galactose) gave the low- residue of O-linked carbohydrate chains in proteins. The method
est retention on the polar HILIC column, probably because
L-fucose does not have as many polar hydroxyl groups as d0e1sEible .
for example,p-mannose om-galactose N-Acetylneuraminic
acid (the most common sialic acid) amdglucuronic acid,
both containing several polar hydroxyl groups and one charged
carboxyl group (at pH 5.5), gave the highest retentionPrecision
(Fig. 1). Mean (ug/mL) 49 49 49 48 51 51
During method development the column was initially run RSD (%) 4 3 4 6 S 6
. " . . Correlation 1.00 1.00 0.99 1.00 0.99 0.99
at 50°C, using 82% acetonitrile, in 5mM ammonium acetate, . sicient 0
based on a previously described mett&g]. In optimizing L op (ug) 03 03 03 03 05 05
this method, ammonium acetate was replaced with ammoniu-..h , , , I
formate because of a slightly higher response to the monosa‘gl’_e no_mmfal concentlja_tlons of all six monosacgharldes in the sa_mple usg_d for
. . etermination of precision were 5Qu@/mL. Precision and correlation coeffi
charides on the ELSD detector, when using the same detectggnt mean values are based on six separate analyses. Limit of detection (LOD)
settings. The temperature was also increased t@€6because indicates SIN>2.

HILIC analysis of monosaccharides
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Fig. 1. Separation of monosaccharides by HILIC. Influence of temperature and ammonium formate (AmForm, pH 5.5) concentration on the sepasaition is sho
(A)—(E), and the selectivity results are given in (F). A TSKgel Amide-80 column, and acetonitrile, 82%, was used in all experiment&C(A)MBl AmForm;

(B) 50°C, 5mM AmForm; (C) 60C, 5mM AmForml (D) 60°C, 15 mM AmForm; (E) 60C, 10 mM AmForm; and (F) 60C, 5 mM AmForm. Mixtures of all six
monosaccharides {fucose (Fuc)p-mannose (Man)p-galactose (Gal)y-acetylp-glucosamine (GlcNAc)N-acetylneuraminic acid (Neu5Ac), amdglucuronic

acid (GIcA)], 5n.g of each, were injected in (A)—-(E). In F, showing the overlay of eight chromatograms, the same six monosaccharides, and, in addition also
N-acetylp-galactosamine (GalNAc) amgtglucose (Glc), were analyzed separately. The conditions used in (C) and (F) represent the optimized method. Detection
was performed by ELSD. See Sectidfor further details.

presented here can be used to analyze N-linked sugar residuesatfier HILIC studies, of which we are aware, the monosac-
glycoproteins, preferentially after an initially specific enzymatic charides that are commonly present in glycoproteins were not
cleavage of N-linked oligosaccharides. The method, howevegnalyzed. One major advantage of HILIC in the analysis of
is not optimal for analyzing monosaccharides emanating frontcarbohydrates, in comparison with HPAEC, is that it is eas-
a mix of both N- and O-linked oligosaccharides of proteins,ily combined with the direct detection by an ELSD or an MS
becaus&/-acetylp-glucosamine ani¥-acetylp-galactosamine instrument, due to the volatility of the HILIC mobile phases.
coelute. The method may also be used to separate monosacchiwever, HPAEC has also been successfully used in combina-
rides, e.gn-glucuronic acid and/-acetylb-glucosamine, from tion with on-line MS detection, using ion suppression devices
other types of carbohydrate-containing substances, such as giy-8].
cosaminoglycans (GAGS). In conclusion, an isocratic HILIC-ELSD method was devel-
The HILIC column (TSKgel Amide-80) used here has pre-oped, to separatefucose p-galactosep-mannosey-acetyln-
viously been used to separate monosacchalti8f and in  glucosamineN-acetylneuraminic acid, anotglucuronic acid,
combination with MS[15]. In these papers, however, or in with acceptable selectivity, intermediate precision, and linearity.
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