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REMODELLING OF GLYCOPROTEINS WITH SIALIC ACID ANALOGUES

R. Brossmer, H.J. GroB, U. Rose, U. Sticher, P. Mirelis, F. Gradel,
A. Imhof, and A. Kovac

Institut flr Biochemie II der Universitat, Im Neuenheimer Feld 328,
D-6900 Heidelberg

SUMMARY

To complete their biosynthesis many soluble or membrane bound
glycoconjugates require a final sialylation step which is catalyzed by
distinct sialyltransferases differing in specificity with respect to
the glycan acceptor structure and the linkage formed. Important bio-
logical functions of glycoconjugates depend on the degree of terminal
sialylation. Replacement of naturally occurring sialic acids by syn-
thetic analogues endowed with special properties can serve to influ-
ence certain biological functions of soluble or membrane-bound sialo-
glycoconjugates. In particular, those sialic acid analogues that
deserve special interest are sialidase-resistant or O-acetylesterase-
resistant, or they are radiolabeled, fluorescently labeled, or carry a
photoreactive functional group, or they may differ in charge or hydro-
phobicity from the parent sialic acid. It has been shown that CMP
sialate synthase has a low substrate specificity with respect to the
C-5 and C-9 positions of sialic acid. As a consequence many CMP-
activated analogues of sialic acid can be obtained on a preparative
scale. Detailed studies have revealed that different sialyltrans-
ferases accept a variety of CMP-activated sialic acid analogues as
donor substrates. This finding opens the way for preparation by
enzymatic synthesis on a large scale of glycoproteins differently
modified in the sialic acid moiety. Membrane-bound receptors can be
modified and the biological consequences studied. With accumulating
knowledge of the donor substrate specificity of CMP-sialic acid
synthase and sialyltransferase, analogues can be synthesized that are
tailored for special applications or for use as inhibitors of enzymes
of sialoglycoconjugate biosynthesis. Furthermore, glycoproteins can be
prepared that resist biological degradation by sialidases.
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1. INTRODUCTION

Sialic acids as constituents of glycolipids and glycoproteins play
an important though not always well defined role in a multitude of
biological phenomena. Due to a strong negative charge and the multi-
functionality sialic acids are the most prominent carbohydrates
occurring in glycoconjugates. Indeed, they represent a familiy of
compounds which combine the chemical properties of a carbohydrate and
an amino acid.

Glycans of glycoproteins and glycolipids have been shown to act as
signals in various cellular and molecular recognition events. Changes
in surface carbohydrate structure, e.g. different degrees of sialy-
lation, are known to paralell the transformation of normal to malig-
nant cells. Sialic acids in particular seem to play a decisive role in
the oligosaccharide chains of glycoconjugates. For example, terminal
sialic acid prevents serum glycoproteins from recognition by a
galactose-specific lectin of the hepatocytes and subsequent degrada-
tion. This and other masking effects of recognition sites of macro-
molecules and cells may be an important biological role of sialic
acids.

A substition of natural sialic acid in glycoproteins and glyco-
lipids with synthetic analogues will modify biological properties of
the respective glycoconjugate.

2. RESULTS AND DISCUSSION

It has been demonstrated that a number of synthetic sialic acid
analogues modified at position C-9, C-5, and C-4 were suitable
substrates for CMP-sialate synthase and sialyltranferase (1). In these
studies four different sialyltransferases were employed. As an
example, several 9-substituted sialic acid analogues in activated form
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9-Amino-9-deoxy-NeuAc is of considerable interest as it resists
cleavage by either bacterial, viral or mammalian sialidase after
transfer onto glycoproteins (2) . Using this analogue human asialo-
antithrombin III could be resialytated without loss of biological
activity (Table 1).

Work is in progress to study AT 111 Inhibition (%)
the time course of in-vivo

: Sia native 100
degradation of the modified
antithrombin III. resialyated with NeuAc 80

resialyated with

9-amino-NeuAc 80

Table 1 Inhibition of thrombin by native and
resialylated human antithrombin III in presence
of heparin.

Aiming at the introduction of a fluorescent sialic acid into glyco-
conjugates 9-fluoresceinyl-NeuAc was synthesized which has an intact
carbon chain. Despite the space-filling substituent at C-9 the
fluorescent analogue was activated to the corresponding CMP-glycoside
(Fig. 2},
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Fig. 2 Structure of CMP—S-N-acetyl—9-deoxy—9-f1uoresceiny1tnioure]do-
neuraminic acid.

9-Fluoresceinyl-NeuAc can be transferred onto asialo-glycoproteins and
also onto glycolipid (3). Due to the favourable kinetic constants
transfer of the fluorescent analogue as well as of other sialic acid
derivatives onto the surface of native cells has been accomplished
under mild conditions.

The enzymatic fluorescence labeling offers some advantages compared
to the known procedures for introducing a fluorescent residue (3).
Since the fluorescent analogue is incorporated selectively in the
terminal position of the glycan chains, the protein core is not affec-
ted in contrast to the labeling by fluoresceinyl isothiocyanate.
Further, the enzymatic labeling avoids chemical pretreatment of a

F
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glycoprotein, leaves the carbon chain of sialic acid intact, and is
suitable even for sensitive glycoproteins. Thus, human)ﬁinterferon
was resialylated applying CMP-9-fluoresceinyl-NeuAc without loss of
biological activity (H.J. GroB8, K.E. J. Dittmar, H.S. Conradt and R.
Brossmer, unpublished results).

Recent studies have demonstrated the potential of the fluorescent
sialic acid (Fig. 2) to assay sialyltransferase activity with high
sensitivity which was enhanced 200- to 1000-fold compared to the
radiometric procedure. Indeed, the assay is suitable for quantitation
of sialyltransferases in very small ammounts of biological samples
(4) . The new method represents a useful alternative to the commonly
applied radiometric assays. It is economical in respect to consumption
of donor, acceptor, and enzyme. The method is not restricted to 9-
fluoresceinyl-NeuAc. Other fluorescent sialic acid analogues with
different properties were also synthesized.

The activated 9-biotinylamido-9-deoxy-NeuAc (Fig. 3) may become an
interesting tool in cell biology (P. Mirelis and R Brossmer,

unpublished results).
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Fig. 3 Structure of CMP-5-N-acetyl-9-biotinylamido-9-deoxy-neuraminic acid.

9-Acetamido-9-deoxy-NeuAc (Fig. 1) proved to be an important
analogue that differentiates between the receptor-binding and the
receptor-destroying activity of influenza C virus (5) which possesses
O-acetylesterase activity (6). The analogue was attached to cell
surface glycoconjugates by sialyltransferase and mimicked N-Acetyl-9-
O-acetylneuraminic acid (5), the receptor determinant for influenza C
virus (6), though the N-acetyl group was resistant to cleavage by the
viral O-acetylesterase (5). It seems now feasible to attach sialic
acid analogues to glycoconjugates on the cell surface which will allow
the virus to be adsorbed with concomitant inhibition of viral

infectivity.
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Remodelling of glycoproteins with sialic acid analogues carrying a
photoactivable substituent opens the way for preparation of stable
ligand-receptor complexes on the cell surface. A few such photo-

reactive sialic acids are shown as CMP-activated compounds (Fig.4-6).

Studies along this line are now being pursued in our laboratory.

NH,
N —
s
| 0 N
0 OH 0 — P—0CH,
i
0 3 Co0~
AcHN
OH OH
Kp 1.0 (1.0); Vpoo 0.45 (1.0); pH 7.5
Kp 0.25 (1.4); Voo 0.14 (1.0); pH 9.0
() values for NeuAc
Fig. 4 Structure of 5-N-acetyl-S-(4-benzoylbenzamido)-9-deoxy-neuraminic acid.
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Fig. 6 Structure of 5-N-acetyl-9-(4- [1'—azl =2%,2,2'- trlfluoroethyl]
benzamido)-9-deoxy-neuraminic acid.
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Recently, the photoreactive 5—N-acetyl—9-(4-azido-2-hydroxy—
benzamido) -2-deoxy-2,3-didehydroneuraminic acid has been synthesized
(Big: 7).

Analogous to the parent compound,
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