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SUMMARY 

A new thin-layer chromatographic system on silica gel for the separation of 
sialyloligosaccharides is described. Calibration of the system with standard milk and 
colostrum sialyloligosaccharides is presented. The use of the system in monitoring 
different oligosaccharides is demonstrated for the purification of bovine colostrum 
sialyllactose isomers and a commercial sialyllactose product, and is discussed with 
respect to other biological fluids. 

The large-scale preparation of pure sialyllactose isomers from bovine colos- 
trum is achieved using an improved ion-exchange separation on Dowex 1 -X2 ( < 400 
mesh) employing isomolar elution at 20 mM for monosialyloligosaccharides and 200 
mM for disialyllactose. The purification of four major monosialyltrisaccharides, the 
2-3 and 2-6 isomers of N-acetylneuraminyllactose, N-glycolylneuraminyl2-3lactose 
and N-acetylneuraminyl2-6-N-acetyllactosamine, and the disialyltetrasaccharide di- 
N-acetylneuraminyllactose is reported. The detection and partial purification of three 
new minor monosialyloligosaccharides is described. 

INTRODUCTION 

Sialyloligosaccharides are present in large amounts in the milk and colostrum 
of mammals’ and also in urine2q3, where the excretion of particular oligosaccharides 

* Glycolipids and oligosaccharides are abbreviated according to the recommendations of the 
IUPAC-IUB Lipid Nomenclature Document, Lipids, 12 (1977) 455-468. 
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has been correlated with genetic disorders in man4. The isolation of the smaller 
oligosaccharides, in particular sialyllactose, from colostrum or milk has provided 
widely used substrates for the assay of sialidase activity’. 

The occurrence of the a2-3 and a2-6 derivatives of N-acetylneuraminyllactose 
(IINeuSAcLac) in colostrum has long been established6, and has usually been pre- 
pared and detected using paper chromatography. However, the existence of other 
isomers, sialyl-N-acetyllactosamine (IINeuSAcGal/?l_4GlcNAc) and I<- giycolyl- 
neuraminyllactose (IINeuSGlLac) present in bovine colostrum’, is not usua!;y con- 
sidered although commercially available sialyllactose is obtained principally from this 
source. 

We present a new thin-layer and column chromatographic system, where rapid 
identification and large-scale preparation of the different sialyllactose isomers and 
other sialyloligosacchaiides can be achieved_ Alternative systems have been reported 
in the literature by Mamy and more recently by Holmes and O’Brien* and Momoi 
and Wiegandt’. However, good resolution of sialyllactose isomers has not been re- 
ported previously. The preparation of sialyllactose isomers by ion-exchangechromato- 
graphy has previously proved to be more difficult, and the results reported by Schneir 
and Rafelson” and Smith et al.” with Dowex and DEAE-cellulose ion exchangers 
give only partial separation of all isomers. 

The new system will be of value in the screening for these oligosaccharides in 
biological fluids, especially in the preparation of highly purified oligosaccharides, and 
in analysis of sialyllactose cleavage in sialidase assays. 

MATERIALS AND METHODS 

Materials 
Bovine colostrum was obtained from the Bundesanstalt fiir Milchforschung 

(Kiel, G.F.R.) and was collected within 1 h of milking and frozen at - 15°C until use. 
Sialyllactose was purchased from Boehringer (Mannheim, G.F.R.). Silica gel 

60 and cellulose thin-layer plates (0.1 mm layer), solvents and chemicals of analytical 
grade were products of E. Merck (Darmstadt, G.F.R.). Dowex l-X2, minus 400 
mesh, was purchased from Bio-Rad (Miinchen, G-F-R.). 

The folIowing standard compounds were prepared from the sources indicated : 
I13Neu5AcLac, I16Neu5AcLac, I13(Neu5Ac),Lac and I16Neu5AcGalj?14GlcNAc 
from bovine colostrum; IV3Neu5AcLcOse4, IV6Neu5AcLcnOse4 and IV3Neu5Ac- 
II16Neu5AcLcOse, from human milk I’- I13Neu5GlLac (after ozonolysis of I13Neu- , 
SGlLacCer) from equine erythrocytes, by the method of Wiegandt and Biicking”. 

Sialic acids were determined by the periodic acid-resorcinol method14, by the 
periodic acid-thiobarbituric acid and orcinol-Fe3+ micromethods’ and by gas- 
liquid chromatography (GLC)lS. The methanolysis products of the oligosaccharides 
were analysed by GLC as described previously I6 Methylation analysis was per- _ 
formed according to Hakomori”_ 

Thin-layer chromatography (TLC) of sialic acids was performed on cellulose, 
developing with n-butanol-n-propanol-0.1 M HCl ( 1:2: 1, v/v/v) and visualizing with 
the orcinol-Fe3+ spray reagent”. Oligosaccharides were separated on silica gel 60 
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thin-layer plates using ethanol-n-butanol-pyridine-water-acetic acid 
(100:10:10:30:3, v/v) and visualizing with orcino1-Fe3f spray reagent or orcinol- 
H2S0, (200 mg of orcinol in 100 ml of aqueous 20 % H,SO,) sprays. To identify the 
nature of sialic acids in individual oligosaccharides, two-dimensional TLC was em- 
ployed. The oligosaccharide sample was applied to the corner of a 20 x 20 cm 
cellulose thin-layer plate and run in the n-butanol-n-propanol-O.1 ikl HCl system 
described above. After drying, the plate was sprayed with 0.1 M HCl and incubated, 
with an overlying glass plate to prevent drying out, for 30 min at SO’C. The plate was 
then removed and dried, and the hydrolysis was repeated. On completion of the 
second hydrolysis the plate was developed in the same solvent and the components 
visualized with the orcinol-Fe3 f spray reagent. Standard NeuSAc and NeuSGl, as 
well as oligosaccharides, were run in the appropriate dimensions. 

Paper chromatography was carried out on Whatman No. 3 paper in pyridine- 
ethyl acetate-acetic acid-water (5:5:1:3, v/v)_ Fowl plague virus (donated by Pro- 
fessor R. Rott, University of Giessen, Giessen, G-F-R.) was used as a source of 
sialidase; incubations were carried out as described elsewhere5~‘9_ 

Preparative methods 
Bovine colostrum (1 1) was mixed with chloroform-methanol (2: 1, v/v; 5 1) and 

stirred vigorously for 20 min at 4°C. The suspension was centrifuged for 20 min at 
4000 g and the upper light-yellow aqueous layer separated from the intermediate cake 
of precipitated protein and the lower deep-yellow organic phase. Aqueous phases 
were pooled (ca. 2 1 for 1 1 of colostrum) and concentrated by rotary evaporation 
under reduced pressure, and 300-400 ml were applied to a column ( 100 x 10 cm I.D.) 
of Sephadex G-25 fine. The column was eluted with distilled water using a peristaltic 
pump at a flow-rate of 3 ml/min, and the effluent was monitored for sialic acid content 
by the orcinol-Fe3* assay and at 280 nm for glycopeptides. All procedures were 
conducted at 4°C. The fractions (10 ml) were combined to give three pools. as in- 
dicated in Fig. 1. This is a slight modification of the method of Ohman and Hyg- 

FRACTION HUHEER 

Fig. 1. Elution profile of 300 ml of concentrated aqueous phase after extraction of bovine colostrum with 
chloroform-methanol (Zl) on Sephadex G-X fine eluted with water. The effluent was monitored for the 
absorbance at 280 nm (0) and with the orcinol-Fe3+ assay for sialic acids ( q ). Fractions were pooled as 
indicated to give pools 1-3. 
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stedtr8. The pools were freed of lactose and neutral oligosaccharides by chromato- 
graphy on Dowex l-X8 acetate, 2ClMOO mesh. Sialyllactose isomers were eluted with 
50 mM pyridinium acetate (pH 5.0), and disialyllactose with 200 mM pyridinium 
acetate (pH 5.0) to give a crude mixture of monosialyllactose isomers and disialyllac- 
tose. 

Separation of sialyllactose isomers was carried out on a column (20 x 1 cm 
I.D.) of Dowex AG 1-X2 (minus 400 mesh, acetate form at 4°C). A sample (10 mg) of 
crude sialyllactose from Sephadex G-25 chromatography was dissolved in 10 ml of 2 
mM pyridinium acetate buffer (pH 5.0) and applied to the column. The column was 
washed with 50 ml of the same buffer and eluted with a linear gradient (2 x 250 ml) 
from 10 mM to 50 mM pyridinium acetate (pH 5.0). The buffer concentration at the 
beginning of the sialyllactose elution was found to be 20 mM, and this concentration 
could be used for isomolar elution of the column with good separation of the different 
isomers. The separation of larger amounts (800 mg) of the crude mixture of sialyllac- 
tose isomers was carried out using the same technique. The sialyllactose was dissolved 
in 80 ml of 2 mM pyridinium acetate buffer (pH 5.0) and loaded on to a Dowex AG l- 
X2 column (95 x 3 cm I.D.). Elution was carried out at a flow-rate of 50 ml/h using 20 
mM buffer, and fractions of 16 ml were collected. After 8 1 of buffer had been passed 
through the column the disialyllactose was eluted by raising the buffer concentration 
to 200 mM. 

RESULTS AND DISCUSSION 

The separation of sialyloligosaccharide standards by a new TLC system on 
silica gel is shown in Fig. 2a, which shows that a good resolution of the major 
sialyloligosaccharides occurring in the milk of mammals is achieved with this system. 
Separation of larger sialyloligosaccharides from glycoproteins” and gangliosides is 
also possible (data not shown). The new system is superior to other reported systems 
(e.g. refs. 2, 3, 8 and 9) in its resolution and application in the identification of 
sialyllactose isomers, and is more rapid and sensitive than paper chromatography. 
Thus a rapid analysis of sialyloligosaccharides is possible. 

The TLC system has been used to monitor the sialyloligosaccharide com- 
ponents during their preparation from bovine colostrum (Fig. 2b). Fractionation of 
the aqueous phase of colostrum extracted with chloroform-methanol on Sephadex 
G-25 yielded three pools (Fig. 1). The first pool contained glycopeptides, glycolipids 
and small amounts of disialyllactose, and pools 2 and 3 contained the sialyllactose 
isomers. Disialyllactose was found chiefly in pool 2 and monosialyllactose isomers in 
pool 3, which was also contaminated with lactose, eluting later but stiil overlapping 
with sialyllactose owing to the high concentration in colostrum. 

Removal of residual lactose by ion-exchange chromatography without reso- 
lution of individual components yielded between 0.7 and 1.2 g of sialyloligosaccharide 
mixture per litre of colostrum (fifteen experiments). 

Resolution of the individual components from the combined pools 2 and 3 was 
carried out on an anion-exchange column (Fig. 3). After the concentration of buffer 
necessary to commence elution of sialyllactose isomers had been determined, an 
isomolar elution was found to give a good separation of these isomers; this approach 
had not previously been utilized for oligosaccharide separations_ The chromatogra- 
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Fig. 2. (a) Chromatography of standard sialyloligosaccharides on silica gel thin-layer plates in ethanol-n- 
butanol-pyridine-water-acetic acid (100:10:10:30:3, v/v)_ 1 = I13NeuSAcLac (LO); 2 = IV”NeuSAcLc- 
Ose, (0.94); 3 = iI”NeuSGlLac (0.93); 4 = I16Neu5AcGah?l-4GlcNAc (0.89); 5 = I16Neu5AcLac (0.80); 
6 = IV6NeuSAcLcnOse, (0.70); 7 = I13(Neu5Ac),Lac (0.65); 8 = IV3Neu5AcII16Neu5AcLcOse~ (0.57). 
The figures in brackets are the Ru*_SAsbc vahtes for each component. (b) TLC as in (a) of the pools 1-3 
from Sephadex G-25 chromatography of bovine colostrura sialyloligosaccharides. The pools 1-3 and 
standards I13(Neu5Ac)&ac (A), I16Neu5AcLac (B), I16Neu5AcG+1~GlcNAc (C), I13Neu5AcLac (D) 
and I13Neu5G1Lac (E) were run on silica gel plates. (c) TLC as in (a) of a commercial sample of sialyllac- 
tose (SL) and the standards I13Neu5AcLac (A), II”Neu5GlLac (B) and II”(NeuSAc),Lac (C). The com- 
mercial sampie shows bands corresponding to I13NeuSAcLac and I13NeuSGiLac (l), I16NeuSAcGal/Il- 
4GlcNAc (2), I16Neu5AcLac (3), I13(Neu5Ac),Lac (4) and higher molecular weight oligosaccharides (5). 

phy revealed four main trisaccharide components, identified as I13Neu5AcLac, II- 
6Neu5AcLac, I16Neu5AcGalJP14GlcNAc and I13Neu5G1Lac. These compounds 
were analysed by GLC and compared with reference ohgosaccharides on TLC and 
paper chromatography (Table I). The structure of I16Neu5AcGa!#ll-4GlcNAc was 
also co-ed by methylation analysis. Cross-contamination between these fractions 
was less than 0.5 ‘A, as calculated from GLC and TLC analyses. 

Disialyllactose was also separated by ion-exchange chromatography, and its 
structure was confirmed by GLC after methanolysis. The isolated product gave only 

one band on TLC (Fig. 2a and b), although several bands eluted with 200 mM 
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Fig. 3. The elution protile of crude sialyllactose from Sephadex G-25 chromatography (pools 2 and 3) on 
Dowex AG 1-X2 eluted with 20 mM and 200 m&f pyridinium acetate (pH 5.0) as indicated. Samples were 
measured using the orcinol-Fe3+ assay. From fraction 490 onwards the scale is reduced by a factor of 10 as 
indicate-d on the right-hand axis. The fractions were pooled to give samples I-10 as indicated; fractions 
456-490 were discarded_ Further details are given in the text. 

pyridinium acetate (Fig. 3). The reason for this behaviour of disialyllactose is unclear 
at present. The structure of the disialyllactose was further analysed by incubation 
with fowl plague virus sialidase, and separation of the products on the TLC system. 
The formation of lactose was detected at different times of incubation and with 
different enzyme concentrations. No formation of I16NeuSAcLac was detected. The 
virus sialidase cleaves 2-3 and 2-8 glycosidic linkages to NeuSAc but 2-6 linkages are 
very slowly cleaved’*19. Thus incubation with the sialidase should result in an enrich- 
ment of I16Neu5AcLac if this linkage exists in disialyllactose. The results showed only 
lactose and very small amounts of I13Neu5AcLac, the other expected product, but no 
I16Neu5AcLac. This result was further supported by 360 MHz nuclear magnetic 
resonance spectroscopy of the disialyllactose isolated, because only evidence for a 2-3 
linkage was found, and so the presence of a 2-6 linkage could be ruled out”‘. 

In addition to these major oligosaccharide components, three minor oligosac- 
charides were detected and analysed (Table I) for the molar ratios of the component 
monosaccharides by GLC and for the type of sialic acid by a new method combining 
two-dimensional TLC with intermediate mild acid hydrolysis (Fig. 4). On the basis of 
these results and their elution positions on anion-exchange chromatography (Fig. 3), 
it is tentatively concluded that the components 3 and 5 in Table I are I16Neu5GlGal~- 
1dGlcNAc and I16Neu5GlLac, respectively. Component 1 contained 2 mol of galac- 
tose per mole of glucose and NeuSAc. The structure of this component has not yet 
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- SECOND DIMENSKIN 

Fig. 4. Two-dimensional chromatography of sample 7 (see Table I) from ion-exchange chromatography 

(Fig. 3) on cellulose thin-layer plates. Development in both directions was with n-butanol-n-propanol-0.1 
1cf HCI (1:2:1, v/v/v). After application of the sample at x and development of the plate in the first 
dimension, the plate was dried, sprayed with 0.1 M HCI and incubated at 80°C for 60 min as described in 
the text. After drying. a mixture of sample 7 with NeuSAc and NeuSGI standards was applied to position 
x and development in the second dimension carried out. In addition, samples 6 and 7 (see Table I) were 

run only in the first dimension for comparison (left-hand side of the chromatogram). The products of two- 
dimensional chromatography, visualized with the orcinol-Fe-‘+ spray reagent, are indicated as sialic actd 
(S) or oligosaccharide (0) products. 

been determined. These minor components were difficult to analyse as they still con- 
tained oligosaccharides from neighbouring fractions (Figs. 3 and 4). 

Using this method it is possible to process gram amounts of crude sialyllactose 
isomers and to prepare homogenous products in amounts suitable for routine analy- 
sis of sialidases, for example. The yields of the major sialyloligosaccharides in a 
typical experiment are noted in Table I for a crude mixture containing smaller 
amounts of disialyllactose. Typical yields for 1 1 of colostrum were: I13Neu5AcLac. 
530 mg; I16Neu5AcLac_ 65 mg; I13Neu5G1Lac, 32 mg; I16NeuSAcGalp14GlcNAc, 
110 mg; I13(NeuSAc),Lac, 285 mg. 

Thus, in contrast to previous methods, the isomolar elution technique em- 
ployed here combines good resolution of individual components with the scaling-up 
of the applied sample size and represents a significant improvement’O*“*‘“. 

The availability of relatively large amounts of sialyllactose from colostrum and 
its suitability as a substrate for sialidases has led to its widespread commercial avail- 
ability. Although the occurrence of the four major trisaccharides has been described’. 
subsequent workers have reported only the 2-3 and 2-6 isomers of sialyllactose. or 
noted other minor and unidentified oligosaccharides’“*‘8. Disialyllactose occurs as a 
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major component in bovine colostrum, as has been reported earlier’*‘*“, and is also 
present in the commercial sample of sialyllactose in amounts similar to those found in 
the present work (Fig. 2~). The commercial sample shows the presence of two bands 
in the region of disialyllactose and other slower migrating sialyloligosaccharides not 
found in the present work. A major band migrates as I16Neu5AcGal/314GlcNAc, 
and I13Neu5G1Lac is probably included in the large I13Neu5AcLac band (Fig. 2~). 
Use of these samples for sialidase or other assays must take into account the different 
behaviour of each isomer in such experiments5~‘9. 

Using the TLC system presented here, a rapid analysis is possible of sialyloligo- 
saccharides from colostrum, milk, urine and other biological fluids, as well as com- 
mercial samples, and the ion-exchange method provides a new system for the large.- 
scale preparation of pure sialyllactose isomers. 
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