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ABSTRACT
Cloned «(2-3)sialyltransferase from rat liver is used to sialylate lactosamine
derivatives. The enzyme accepts a broad range of N-acetyl substituants. The residues
encompass small and bulky aliphatic replacements as well as charged and
sulfonamide groups. Copyright © 1996 Elsevier Science Ltd

Carbohydrates play a key role in cell-adhesion and developmental processes1)2)3) and
therefore aroused a recent interest by the pharmaceutical industry. However, the methods
for the chemical synthesis of such compounds are still insufficiently developed4)9). A chemo-
enzymatic approach may be useful in this aspect. In vivo the highly regio- and stereospecific
assembiage of oligosaccharides is catalyzed by glycosyltransferases. Due to recent progress
in cloning and overexpression, more glycosyltransferases will be available as efficient tools in
synthetic carbohydrate chemistry®). The synthetic value of those catalysts would be greatly
enhanced if their specific action in vivo could additionally be applied to non-natural
substrates in vitro’).

a(2-3)-(N)Sialyltransferase, originally isolated from rat liverd), has been cloned®) (EMBL
accession no. M87754). We have produced a soluble version of this enzyme in insect cells
and have purified it to homogeneity. The enzyme transfers a sialic acid unit from CMP-
activated sialic acid 2 (the donor) to the 3-OH group of the galactose residue 1 (the acceptor)
- in an a-mode10) (see scheme). Some kinetic studies were reported probing dif-ferent
deoxy-galactose moieties of type | (galp(1-3)glcNAc) and type I (galf(1-4)glcNAc) as
acceptors’1). A small number of variations involving the aglycon part R4 have also been tol-
erated by the enzyme 12) The acyl-substituent Rg on the glucosamine unit, the natural one
being acetyl, has not been investigated systematically; it has, however, been found that only
the amine (R=H) and the propylamide (R2=C(0)CH2CH3) were moderate acceptors11).
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Scheme : Enzymatic sialylation; R1 = (CH2)gCOOMe for present study.
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In connection with an ongoing investigation13) we were interested in both the
glycosyltransferases as synthetic tools and in the scope of their applicability. Although the
sialylation takes place at the terminal galactose (s. scheme ) we could not expect the
sialyltransferase (E.C. 2.4.99.6) to tolerate broad variations in R2 in advance10). Most
transferases often recognize the overall structures of the acceptors14).

The substrates 1 which have been successfully sialylated on a preparative scale are
compiled in the table. (For their synthesis see the preceeding paper.) We observed that large
aromatic residues (entries 18,19, 21) were as easily accepted as small aliphatic ones (entries
1-14). Variations in the acylgroup, e.g. a urea (entry 13), a thiourea (entry 9) or urethanes
(entries 10, 11, 19) are well tolerated by the enzyme; even sulfonamides (entries 20, 21)
have been sialylated in high yields. More surprisingly, both positive and negative charges on
R2 were tolerated to give the trisaccharides 3 (entries 5, 15, 16, 22, 23). All structures have
been proven by 1H-, 13C- and MS-spectra respectively. The NMR-data are in agreement
with those of the 'parent'-compound (entry 1); selected data of significant reporter groups10)
are included in the table.

In some cases (entries 18, 19, 21) DMSO had to be added to obtain a sufficient solubility. o

(2-3)-sialyltransferase is able to act with additional organic solvents without any adverse
effects.

Together with the studies concerning galactosyl-transferase!3), our findings should
contribute to a more wide-spread and stereochemically reliable use of «(2-3)sialyltransferase
in the synthesis of non-natural carbohydrates. Especially the low yieids of chemical
sialylations may thus be circumvented efficiently15)16).
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