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By use of a micromethod based on methylation’, various sialyltransferases
linking sialic acid to acceptors containing the terminal structure B-D-Galp-(1—4)-
D-GIcNAc have been detected in several tissues’. This method allows the un-
equivocal determination of the specificity of such sialyltransferases present in crude
tissue preparations, but is rather time-consuming. Therefore, its use for sialyl-
transferase purification procedures, where a rapid determination of the enzyme
specificity is often essential, is limited.

Recently, we have developed a rapid method for the separation of sialic acid-
containing oligosaccharides by liquid chromatography under elevated pressure
(h.p.l.c.)®>. This method was adapted to study the specificity of O-B-D-galac-
topyranosyl-(1-»4)-2-acetamido-2-deoxy-D-glucose (N-acetyllactosamine) sialyl-
transferases in tissue homogenates, as well as enzyme preparations at different
stages of purification. The products obtained by sialylation in vitro of N-acetyllac-
tosamine were separated by h.p.l.c. and characterized by comparison with stan-
dards of sialyl-N-acetyllactosamine. In the present study, we describc the use of
this procedure in establishing the specificities of sialyltransferases in several tissues.

Analysis of the sialyl-N-acetyllactosamine standards. — Methylation and hy-
drolysis of the product of the reaction of CMP-N-acetylneuraminic acid (CMP-
NeuAc) and B-D-["*C]Galp-(1—-4)-D-GIcNAc catalyzed by a human placenta
homogenate yielded only one tri-O-methyl-D-['*C]galactose, which migrated iden-
tically to the 2,4,6-isomer (Fig. 1, Lane a). This indicated that an oligosaccharide
of the structure a-NeupAc-(2—3)-8-D-["*C]Galp-(1-—4)-D-GIcNAc was formed by
the enzymic incubation. This result is in agreement with the earlier established
specificity of human placenta 8-D-galactosyl-(1—4)-2-acetamido-2-deoxy-D-gluco-
pyranosyl sialyltransferase?. Methylation analysis of the product of sialylation of -
D-["*C]Galp-(1—4)-D-GIcNAc by a partially purified sialyltransferase preparation
from bovine colostrum yielded 2,3,4-tri-O-methyl-D-['*C]galactose as the only
radioactive methylated sugar (Fig. 1, Lane b). Hence, the product of this incuba-
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Fig 1 T.c. of methyl ethers of 13- jgalactose denved trom sialyl-N-acetylluctosamine synthesized
by: (a) a homogenate of human placenta and (b) a partially punified bovine colostrum enzyme  Radioac-
tvity was detected by autoradiography and reterence compounds were detected with ambine phthalate
References weres (1) 2,3 4.6-tetra-O-tetramethyl-p-galactose, (2) 2.23.60-tri- O-mcthyl-dD-galactose, (3}
2 4on-O-methyl-p-galactose, (4 2 -t d-methyvl-p-galactose, and (3) 3 d.o-tn-c-methyl-D-galac-
tose
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Fig. 2. H.p.l.c. of sialic acid and sialylated N-acetyllactosamines. A mixture of a-NeuAc-(2-»3)- and a-
NeuAc-(2—6)-8-p-[ *C]Gal-(1—4)-D-GlcN Ac standards (0.5 and 1.0 nCi. respectively) was injected to-
gether with unlabeled sialic acid. Separation and detection of the standards was performed as described
in the Expernimental section. The elution positions of the standards are: (1) a-NeuAc-(2-3)-B-D-
[HC)Galp-(1—4)-D-GlcNAc; (2) a-NeuAc-(2—6)-8-D-[*C|Galp-(1—4)-D-GleNAc. The arrow indi-
cates the clution position of sialic acid.

tion could be identified as a-NeuAc-(2—6)-8-D-[*C]Galp-(1—4)-D-GIcNAc. Pre-
vious studies on the specificity of the colostrum sialyltransferase with different
high- and low-molecular-weight acceptors have also indicated that this enzyme
transfers sialic acid to O-6 of the terminal D-galactopyranosyl groups*’. The two
isomeric sialyl-N-acetyllactosamine standards could be excellently separated from
sialic acid as well as from each other in our h.p.l.c. system (Fig. 2). When injected
separately, each isomer gave one single peak in the chromatogram.
Sialyltransferase specificities in various tissues. — The high-pressure liquid
chromatographic system was used to distinguish between N-acetyllactosamine a-
(2—3)- and a-(2—6)-sialyltransferase activities in a microsomal membrane prepa-
ration from human liver, and in homogenates of fetal calf liver and normal human-
blood platelets. ['*C]Sialylated N-acetyllactosamine, obtained with the human
liver preparation, had the same retention time as standard a-NeuAc-(2—6)-B-D-
["*C]Galp-(1—-4)-D-GIcNACc (Fig. 3A). No trace of radioactivity was found in the
fractions in which the other sialyl-N-acetyllactosamine isomer was eluted. Thus,
human liver shows only «-(2—6)-sialyltransferase activity with N-acetyllac-
tosamine as an acceptor, a result that is consistent with that of previous experi-
ments using asialo-a;-acid [*H]glycoprotein as the acceptor for the human-liver
sialyltransferase®. The small peak of '“C-radioactivity eluted with a retention time
of 30~32 min (Figs. 3 A-C) is probably due to a contaminant present in the CMP-
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Fig 3. Sialyltransferase specificities in various tissues. A microsomal preparation from human hver
(panel A), and homogenates of tetal calf hver (panel B) and human-blood platelets (panel C) were used
to transter |*Claialic acid from CMP-["C]NeuAc 1o N-acetyllactosamine After precipitation of pro-
tein, the products containing | C|sialyl-N-acetvllactosamine were separated by high-pressure liquid
chromatography as described 1n the Experimental section {PC|NeuAc (denved tfrom the precursor
CMP-[C]NeuAc) and [*C[sialyl-N-acetyllactosamine were detected by counting the radwoactivity i
the eluted fractions

[*C]NeuAc used. Blank runs in which the enzyme was omitted showed that 1-3%
of the radioactivity was eluted in this position, the exact proportion varying with
the batch of CMP-["*C|NeuAc used.

In contrast, the incubation of CMP-["*C]NeuAc and B-D-Galp-(1-—4)-D-
GleNAc with fetal calf liver homogenate yielded two radioactive sialylated prod-
ucts which, on h.p.l.c.. showed the same retention times as those of the 3'- and 6/~
sialyl-N-acetyllactosamine standards, respectively (Fig 3B). Indeed. with asialo-
a;-acid [*H]glycoprotein as an acceptor, w-(2—3)- as well as a-(2--6)-sialvl-
transferase activity had previously been demonstrated in the latter tissue’.

With human-blood platelets also, both sialyl-N-acetvllactosamine isomers
were formed (Fig. 3C). a result that was expected since, with asialo-a,-acid
[*H]glycoprotein as acceptor, B-D-galactopyranosyl-(1—d)-2-acetamido-2-deoxy-
D-glucoside a-(2—3)- as well as a-(2—6)-sialyltransferase activities appeared to
occur in these cells’”. Recently, it was shown that human platelets are capable of
transferring sialic acid in an a-(2—3)- and un a-(2—6)-linkage to p-nitropheny! 8-
D-galactopyranoside®. The enzymes involved in these transfers. however. may be
different from the sialyltransferases detected with N-acctyllactosamine and asialo-
a-acid [*H]glycoprotein.
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In all instances investigated, the qualitative results obtained with the h.p.l.c.
method described herein were not different from those previously established by
methylation analysis of sialylated asialo-a,-acid [*H]glycoprotein. The relative ac-
tivities of the «@-(2—3)- and a-(2—6)-sialyltransferases towards N-acetyllac-
tosamine observed with the h.p.l.c. method, however. are not necessarily identical
with those found in our former studies in which asialo-a-acid [*'H]glycoprotein was
used as an acceptor. This is illustrated in particular by the results obtained for fetal
calf liver. With the high-molecular-weight acceptor, a ratio of 9:11 could be esti-
mated for the a-(2—3)- and a-(2—6)-sialyltransferase activities?, whercas a-sialyl-
(2—6)-N-acetyllactosamine was the main product where N-acetyllactosamine was
the acceptor (Fig. 3B). Differences in K, or V..., or both. with different acceptors
are likely to influence the relative reaction rates.

In conclusion, the method described herein is rapid and convenient for estab-
lishing the specificities of the S-D-galactopyranosyl-(1—4)-N-acetylglucosamine
sialyltransferases present in various tissues. The whole analysis, including the
sialyltransferase incubation, can be completed in less than 4 h.

EXPERIMENTAL

Materials. — Human placenta and human liver were obtained from the
Academisch Ziekenhuis der Vrije Universiteit, Amsterdam. Fetal calf liver was
from a local slaughterhouse. Human-blood platelets were obtained from the Cen-
trale Laboratorium van de Bloedtransfusiedienst, Amsterdam. N-Acetyllac-
tosamine was generously donated by Drs. S. David, J. Alais, and A. Veyriéres,
Paris, France. Partially methylated D-galactose standards were a kind gift of Dr. P.
Stoffyn, Waltham, Massachusetts. CMP-['*C|NeuAc (213 Ci/mol) was purchased
from New England Nuclear, Boston, MA 02118, and diluted with unlabeled CMP-
NeuAc® to the desired specific radioactivity. All other chemicals were of the best
quality available from commercial sources.

Preparation and analysis of sialyl-N-acetyllactosamine standards. — Stan-
dards of sialyl-N-acetyllactosamine were prepared in the following way: Bovine
colostrum 2-acetamido-2-deoxy-D-glucoside B-(1—4)-D-galactosyltransferase (6
mU), purified by a modification’” of the procedure of Barker ezal.'', was incubated
with 2-acetamido-2-deoxy-D-glucose (1.6 umol), UDP-['*C]Gal (160 nmol, specific
radioactivity 18 Ci/mol), sodium cacodylate buffer (pH 7.3, 8 umol), and man-
ganese dichloride (1.6 umol) in a final volume of 80 uL, for 16 h at 37°. The prod-
uct, N-acetyl-['*C]lactosamine, was separated from UDP-['*C]Gal by ion-ex-
change chromatography on Dowex 1-X8 (C1~, 200400 mesh) ion-exchange resin
and purified by gel filtration on a column (1.6 x 200 cm) of Bio-Gel P-2 (200400
mesh) equilibrated in S0mM ammonium acetate, pH 5.2.

Part of the B-D-['*C]Galp-(1—4)-D-GIcNAc was sialylated with a partially
purified preparation of bovine colostrum B-D-galactoside «a-(2—6)-sialyl-
transferase!?, and the remainder with a homogenate of human placenta as a source
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of B-D-galactoside a—(2—>3)~51alyl(ransfcrasc3. The incubation mixtures contained,
in a final volume of 50 uL, B-D-["*C]Galp-(1—4)-D-GleNAc (12,4 nmol). CMP-
NeuAc (27.5 nmol), Tris—maleic acid (pH 6.7, 4 gmol), and «-(2—6)- {2.3 mU) or
a-(2—3)-sialyltranstrrase (25 U, enzyme activities assayed as described in ref. 4).
No detergent was added. After incubation for 180 min at 37. cach reaction was
stopped by cooling on ice. and the mixture diluted to 1.0 mL with ice-cold. distilled
water and centrifuged at 120 000g for 60 min to sediment particulate material The
supcrnatant solution containing the sialylated product was subjected to 1on-ex-
change chromatography on Dowex AG 1-X2 (AcO . 100-200) mesh) resin to re-
move the precursor N-acetvl-["*Cllactosamine. The column was washed with
water, the sialylated oligosaccharide eluted with M pyridinium acetate. pH 5.2, and
the cluate lyophilized. Part of cach ot the products was used as @ standard 1n
h.p.l.c. The remainder was subjected to methylation analysis. Methylation and
subsequent isolation of the methylated sialvl-N-acetyllactosamine were performed
as described previously’. The methylated samples were hydrolyzed with 2M tri-
fluoroacetic acid (400 uL) for 1 h at 120°, the mixtures lvophilized. and the residues
redissolved in 7:3 (v/v) methanol-water. Aliquots were deposited on Silica gel 60
plates and chromatographed in 500:9 (v/v) acetone—4.5M ammont with approp-
riate tri- and tetra-O-methvl-D-galactose references™  Radioactive compounds
were detected by autoradiography, and the partially methylated D-galactose stan-
dards were made visible with aniline phthalate.

Determination of sialvitransferase specificities. — To study the specificity of
sialyltransferases in various tissues, each homogenate or membrane preparation
was incubated with CMP-["*C|NeuAc (7.7 nmol. specific radioactivity 13 Cirmol),
Tris—maleic acid buffer (pH 6.7. 4 umol), and N-acetyllactosamine (200 nmol) in
a final volume of 50 gL at the bottom of a 100 x 13 mm conical glass centrifuge-
tube. After 150 min at 37°. the reaction was stopped by cooling on ice. and protemn
was precipitated by the addition of 104¢ trichloroacetic acid (30 pl.). The tube con-
tent was vigorously mixed with chioroform (500 wL) in order to extract the excess
of trichloroacetic acid. After centrifugation, the precipitated protein appearcd al
the interface, whereas essentially all oligosaccharide material was present in the
upper layer (water phase). An aliquot (75 uL) of this laver was added to a 0.2M di-
potassium hydrogenphosphate solution (40 L) resulting 1n the adjustment of the
pH to 4.5-5.0. Samples (20-50 uL) of the mixture were injected into a Perkin-
Elmer Sertes 2 liquid chromatograph. equipped with a Rheodyne mjecuon valve
and a Perkin—Elmer LC-75. variable-wavelength detector operating at 195 nm.
Chromatograms were recorded with a Spectra-Physics SP-4100 computing integ-
rator. Chromatography was performed on a column (4 x 250 mm) ot Lichrosorb-
NH, (particle size S wm, Merck). at a temperature ot 20” and a pressure ot 11 MPa
(1600 p.s.i.}. The mobile phase consisted of a mixture of acetonitrile (Lichrosolv
grade, Merck) and de-ionized. distilled water containing 15mM potassium phos-
phate (pH 5.2). Sialic acid and the isomers of sialyl-N-acetyllactosamine were sepa-
rated by starting with an isocratic elution by an 83: 17 (v/v) mixture for 35 min. after
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which, a linear gradient of increasing water content was applied at a rate of 0.5%/
min. The flow rate of the solvent mixtures was maintained at 2 mL/min. The stan-
dard compounds, ['*C]NeuAc, a-NeuAc-(2—3)- and a-NeuAc-(2—6)-8-D-
[*C]Galp-(1—4)-D-GIcNAc, as well as the ['*C]sialylated N-acetyllactosamine
samples obtained from the incubations with crude-tissue preparations, were de-
tected by counting the radioactivity in the fractionated eluate.
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