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The PB(1—3) N-acetylgalactosaminyltransferase/UDP-N-
acetylglucosamine C4 epimerase fusion protein was con-
structed and used in coupled enzymatic reactions to
synthesize a variety of globotetraose and isoglobotetraose
derivatives from the corresponding lactoside acceptors.

Globoside and isogloboside are glycosphingolipids expressed
in human red blood cells and other tissues. Evidence has shown
that these glycolipids are receptors in the adhesion of uropatho-
genic bacteria to urinary tract epithelial cells.2 The binding of
bacterial toxins to the oligosaccharide segments of these
glycans is a critical step in causing serious clinical manifesta-
tions of human infections, such as hemorrhagic colitis and
hemolytic uremic syndrome.2 In addition, human parvovirus
B19 binds the erythroid progenitor cells via interaction with
three globotetraose molecules.3 Therefore, efficient synthesis of
the oligosaccharide derivatives as potential inhibitors is of
growing value in disease diagnosis, treatment and related
biochemical studies.
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Fig. 1 The plasmid map of LgtD-WhbgU fusion protein.

Table 1 Acceptor specificity of LgtD-WbgU fusion enzyme

Relative

Entry Acceptor compounds activity (%)2

la Gaal—-4Gapl—-4Glc 100

1b Galx1—-4Ga1—4Glc-OBn 121

1c Galol—4Galpf1l—-4GIc-OMe 166

1d Gaal—4Gapf1l—-4GIc-N3 92

le Galw1—-4Galp1—4Glc-SPh 82

1f Galol—-4Gap1l—-4GIcNAC 116

1g Galwl—3Galp1l—4GIc 64

1h Gaal—3Gap1l—-4Glc-0Bn 7

i Galw1—-3Galf1—4Glc-OMe 86

1 Gaal—-3Gapl—-4GIc-NHAC 68

1k Galw1—-3Galpf1—-4Glc-SPh 54
g U Gala1—-3Gap1—4GIcNAc 76
& aThe activity of $(1—3) N-acetylgalactosaminyltransferase was assayed
% according to a previously published protocol? except that the acceptor was
& Vvaied.
3
S
5 T Electronic supplementary information (ESI) available: further experi-
A menta details. See http://www.rsc.org/suppdata/cc/b3/b300831b/
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Scheme 1 Coupled enzymatic synthesis of globotetraose derivatives.

Due to multiple protection and purification steps, chemical
synthesis of (iso)globotetraose and some derivatives* have
suffered relatively low yields. Enzymatic approaches, on the
other hand, are highly stereo- and regioselective for the
glycosidic linkage formation, thereby allowing the straightfor-
ward synthesis of carbohydrates and glycoconjugates.> Re-
cently, severa fusion enzymes involving glycosyltransferases
have been developed such as the bovine «(1—3) galactosyl-
transferase/E. coli UDP-glucose C4 epimerase, the N. meningi-
tidis p(1—4) gaactosyltransferase/S. thermophilus UDP-glu-
cose C4 epimerase, and the N. meningitidis «(2—3)
sialyltransferase/ CM P-N-acetylneuraminic acid synthetase fu-
sion proteins.® It has been proved that these recombinant
enzymes are highly effective tools in large-scale synthesis of
oligosaccharides.

B(1—3) N-Acetylgalactosaminyltransferase (LgtD) from H.
influenzae has previously been expressed in E. coli.” We report
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Scheme 2 Coupled enzymatic synthesis of isoglobotetraose derivatives.
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Scheme 3 Synthesis of GalNAcf1-3Gal«1-3Gal 3 1-4Glcf3-5-azidopentamide 5 with in situ UDP-GICNAC regeneration.

here the construction of LgtD/WbgU (UDP-GIcNAc C4
epimerase from P. shigelloides)® fusion protein. WbhgU cata-
lyzes the interconversion of UDP-GIcNAc to UDP-GalNAc;
meanwhile, LgtD catalyzes the introduction of GalNAc residue
to the acceptor substrates. The overal function of the re-
combinant protein is the transfer of the GICNAc residue from
UDP-GIcNACc to the acceptors. Thus, the construction altersthe
donor substrate requirement of the reaction from UDP-GalNAc
to UDP-GIcNAc This change is cost effective because the
commercial price of UDP-GIcNAC is 20 times less than that of
UDP-GalNAc. Moreover, it avoids the need to express and
purify two recombinant enzymes for reactions

The bifunctional LgtD-WbgU fusion enzyme was prepared
by in-frame linking of the P. shigelloides wbhgU gene down-
stream to the H. influenzae IgtD gene through a five-residue
peptide linker (Thr-Gly-Gly-Gly-Gly). The C-terminus of the
fusion proteinincludesa6 x Histag for convenient purification
by nickel-nitrilotriacetic acid affinity chromatography (Fig. 1).
The enzyme was expressed in E. coli BL21(DE3) at arelatively
high level (22 U L—1). The one-step purified enzyme has an
estimated molecular weight of 70 kDa and a specific activity of
1.68 U mg—L.

To investigate its acceptor specificity, the GalNAc transfer-
ase activity was tested with 12 carbohydrate compounds
including globotriose, Galo1,3Lac and some derivatives la-.
As shown in Table 1, al these oligosaccharides are good
substrates though compounds with a terminal o(1—4)-linked
Gal-Ga structure are better acceptors than those with an
«(1—-3) linkage (compare la with 1g, and 1f with 1I).
Apparently, thefusion protein has very broad acceptor substrate
specificity to the anomeric aglycon.

The fusion protein was then employed in coupled enzymatic
glycosylation reactions (100 mg scale). Globotetraose 3a and its
B-benzyl 3b, B-methyl 3c and B-azido 3d derivatives were
synthesized from the corresponding lactosides 2a—d in reactions
catalyzed sequentially by the «(1—4) galactosyltransferase
(LgtC) from N. meningitidis and the fusion enzyme (Scheme 1).
The UDP-Glc C4 epimerase (GalE) from E. coli K12 was also
used so that UDP-GIc and UDP-GIcNAC, instead of expensive
UDP-Gal and UDP-GalNAc, were supplied as donor substrates.
Compound 3d has a purposely-introduced azido group, which
makes it flexible in the solid-phase synthesis of glycopeptides
and glycopolymers. Meanwhile, isoglobotetraose 3e and its p3-
benzyl 3f, f-methyl 3g and -acetylamide 3h derivatives were
synthesized from the corresponding lactosides 2e-h in one-pot
reactions catayzed by GaE from E. coli K12, o (1—3)
gdactosyltransferase («1,3GalT) from bovine and the LgtD-
WhbgU fusion protein (Scheme 2). It should be noted that these
compounds also possess the «-Gal (Galwl,3Gal) structure,
which is believed to have potential applications in xeno-

transplantation. After two steps of purification, overal yields
from 60% to 85% were achieved in the reactions. It is a
significant improvement as compared to the chemical synthesis
of these tetrasaccharides, for which the total yields from
lactosides are normally below 40% due to multiple protection
and purification steps.4

The synthetic efficiency of the fusion protein was also tested
by coupling with a multiple-enzyme UDP-GIcNAC regenera-
tion cycle which consists of UDP-GICNAc pyrophosphorylase
(GImU), pyruvate kinase (PykF), and inorganic pyrophospha-
tase (PPase) from E. coli K12; GIcNAc phosphate mutase
(Agml) from S cerevisiae; and GIcNAc kinase (GICNACK)
from C. albicans (Scheme 3). This system further reduces the
cost of glycosylation reactions because it avoids the use of
expensive sugar nucleotides. An overal yield of 70% was
achieved in the reaction. We have previously used the accepter
4 in the synthesis of «-Gal conjugated polymers that sig-
nificantly inhibit the binding of human anti-Gal antibody to
mouse laminin glycoprotein and mammalian PK15 cells.®
Similarly, the oligosaccharide product 5 can be easily trans-
formed into other functional glycoconjugates that may serve as
toolsin bacterial toxin inhibition, xenotransplantation and other
pharmaceutical studies.
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