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Summary

N-linked glycoprotein glycans were modified by combined use of glycosidases and glyco-
syltransferases. Human milk B1,4 galactosyltransferase and rat liver 02,6 sialyltransferase
were immobilized by covalent or affinity binding methods. These immobilized glycosyltrans-
ferases were used in a slurry reactor for continuous glycosylation of endoglycosidase H-treated
invertase or r-tPA. The resulting sialylated glycan chains mimicking the structure of outer
complex N-glycans conferred extended plasma half-life time compared to galactosylated
glycoprotein.

1. Introduction

Recombinant glycoproteins which are expressed in yeast may not be suitable as drugs for
in vivo application since yeast type N-linked glycans are of high- or polymannose type where-
as mammalian N-glycans are of the complex type (1). Glycan chains of serum glycoproteins
are of critical importance in determining plasma survival times and site of catabolic degrada-
tion (2). As originally shown by Ashwell and Morell serum glycoproteins with terminal
galactose bind to the hepatic asialoglycoprotein receptor and are internalized into the cell 3):
N-acetylneuraminic acid as terminal sugar residue prevents binding to this receptor and,
thereby, confers extended plasma survival time. Because of the existence of other sugar
binding receptors, e.g. mannosyl receptor of the reticuloendothelial system, methods should be
designed to properly glycosylate drugs produced in heterologous systems.

Our strategy to modify glycoprotein glycans expressed in yeast is based on the in vitro use
of both glycosidases and glycosyltransferases (4). The aim is to synthesize a "mimic" that
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shows the characteristics of the terminal part of a complex-type chain, but lacks the inner core.
Furthermore, the procedures should be mild (non-denaturating) and site-directed (regio-
selective). These restrictions are met by use of enzymes. The first step of the modification
involved deglycosylation of high-mannan chains by endoglycosidase H, leaving one N-acetyl-
glucosamine residue per N-glycosylation site of the protein backbone. In two subsequent steps,
galactose and N-acetylneuraminic acid were transferred by purified glycosyltransferases to the
truncated yeast glycoprotein. The product had the following structure:

NeuAc a(2-6)Gal B(1-4)GIcNAc B(1-N)Asn-(R,/R,)

2. In vitro modification with soluble glycosyltransferases

We used yeast invertase and a recombinant tPA B-chain variant expressed in yeast as
glycoprotein acceptor. Only the procedure used for in vitro modification of yeast invertase is
presented. The first step involved deglycosylation of the polymannan chains by endo-N-acetyl-
glucosaminidase H. This enzyme hydrolyzes the 1,4 linkage between the two N-acetylgluco-
samine residues of the core glycan. 20 mg of yeast invertase were deglycosylated using 40 mU
of the enzyme at 25°C within 16 h. The product was a truncated glycoprotein with a molecular
weight of 62 kD, containing 7 out of 9 possible N-acetylglucosamine residues linked to aspara-
gines.

In a second step human milk 1,4 galactosyltransferase (70 mU) catalyzed the transfer of
either C-labeled or unlabeled galactose from UDP-galactose to the GlcNAc residues of the
truncated invertase (20 mg). The reaction was performed at room temperature and resulted
after 50 h in a galactosylation efficiency of about 70%.

In a third step galactosylated invertase (20 mg) was used as acceptor for the rat liver a2,6
sialyltransferase (40 mU). This enzyme catalyzed the transfer of 4C-labeled NeuAc from the
CMP-NeuAc to the galactosylated acceptor. The reaction was performed at room temperature.
Between 70 and 80 % of available acceptor sites of invertase were sialylated.

Glycan mimics of yeast tPA were terminated with soluble enzymes by either 14C-labeled
galactose or '4C-labeled N-acetylneuraminic acid. The galactosylated tPA was eliminated
much more rapidly from the plasma of rats than the sialylated one.

The modification with soluble enzymes was performed very efficiently. However, for lar-
ger scale production immobilized glycosyltransferases would be preferable.




Enzymatic Glycosylation of N-linked Glycoprotein Glycans

3. Immobilization of glycosyltransferases and continuous glycosylation of different
acceptor substrates in a reactor

Galactosyltransferase and sialyltransferase were immobilized covalently to CNBr- and
tresylchloride activated Sepharose, or noncovalently to Concanavalin A-Sepharose. Addi-
tionally galactosyltransferase was immobilized to monoclonal anti-galactosyltransferase
antibodies which were bound via their Fe-fragment to protein G-Sepharose. The various immo-
bilization methods showed quite different characteristics. With the covalent methods, up to
72% of the respective enzyme could be bound to the carrier, but the specific activity dropped
to less than 10%. The affinity binding methods yielded about 50-80% efficiency, but 20-30%
(Con A) and 25% (monoclonal antibody) of the specific activity could be recovered. Stability
of the immobilized glycosyltransferases was considerably better than that of the soluble
enzymes. 55% of initial immobilized galactosyltransferase and 30% of initial immobilized
sialyltransferase activity was lost within 65 hours compared to a loss of 95 % and 75%,
respectively, of the activity of the soluble €nzymes at room temperature.

The immobilized glycosyltransferases were used for the continuous glycosylation of endo
H-treated invertase in a "slurry" reactor, which was introduced by Bossow and Wandrey for
enzymatic formation of C-C bonds (5). The "slurry" reactor is a stirred ultrafiltration cell (10
ml) containing a membrane with a defined molecular weight limit of 1000 kD, which serves as
a barrier. The components of the glycosylation mixture are continuously pumped through the
reactor and pass through this barrier whereas the immobilized enzyme is retained in the reac-
tor. The immobilized enzyme is held in suspension by stirring.

Endo H-treated invertase (1 mg/ml) was galactosylated in a reactor with a volume of 8 ml
containing 80 mU galactosyltransferase immobilized to tresylchloride activated Sepharose.
The flow rate was 0.75 ml/h. The mean residence time of the substrates in the reactor was 10.6
hours. In a first run of 22 hours galactosylation efficiency was 35%; in a second run efficiency
could be improved to about 75%.

For continuous galactosylation and simultaneous sialylation of endo H-treated invertase
(Img/ml) 80 mU of immobilized galactosyltransferase and 15 mU of immobilized sialyltrans-
ferase were used. The mean residence time of the substrates in the reactor was about 9 hours.
The reaction volume was 7 ml and the flow rate 0.75 ml/h. In a run of 24 hours sialylation
efficiency was 17% with respect to the amount of N -acetylglucosamine acceptor sites.
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