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A novel N-acetylglucosamine-1-phosphate pyrophosphorylase was identified from Campylobacter jejuni
NCTC 11168. An unprecedented degree of substrate promiscuity has been revealed by systematic studies
on its substrate specificities towards sugar-1-P and NTP. The yields of the synthetic reaction of seven
kinds of sugar nucleotides catalyzed by the enzyme were up to 60%. In addition, the yields of the other
nine were around 20%. With this enzyme, three novel sugar nucleotide analogs were synthesized on a
preparative scale and well characterized.

© 2013 Elsevier Ltd. All rights reserved.

Unnatural sugar nucleotides, analogs of common sugar nucleo-
tides equipped with functional groups or its derivatives, are
indispensable materials for deciphering structure-function rela-
tionships in carbohydrate-associated pathways and discovering
carbohydrate-based drugs. In addition to presenting nine common
sugar nucleotides identified in mammalian cells, several unnatural
sugar nucleotides have been discovered from different organisms,
for example, UDP-2-acetamindo-2,6-dideoxy-o-p-xylo-hexos-4-
ulose,! UDP-4-keto-6-deoxyl-GIcNAc,?> UDP-2,4-diacetamido-Bac,
ADP-Glc,> dTDP-Glc, dTDP-4-keto-L-rhamnose, dTDP-L-rhamnose.*
Recent studies show that those unnatural sugar nucleotides are
considered to have functional impact on biological activity, selec-
tivity and pharmacokinetic properties of glycoconjugates.

Uridine 5’-diphosphate N-acetylglucosamine (UDP-GIcNAc) is a
ubiquitous and essential cytoplasmic amino sugar nucleotide, plays
an important role in the biosynthetic pathway of peptidoglycan,>®
the core and lipid A moieties of the lipopolysaccharides,” entero-
bacterial common antigen, some O antigens of Gram-negative
bacteria and the teichoic acid of Gram-positive bacteria. Chemical
and/or enzymatic approaches have been thoroughly studied to
synthesize UDP-GIcNAc.®® Given the potential roles of unnatural
sugar nucleotides and the functional roles of UDP-GIcNAc, the

* Corresponding author. Tel.: +86 531 88366078; fax: +86 531 88363002.
E-mail address: xianweiliu@sdu.edu.cn (X. Liu).

0960-894X/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.bmcl.2013.06.003

development of chemical and/or enzymatic methods to derivatize
UDP-GIcNAc with diverse moieties has attracted much attention,
however, for enzymatic methods, the major bottleneck is the lim-
ited availability of functional enzymes which have broad substrate
specificity. N-acetylglucosamine-1-phosphate pyrophosphorylase
(GlmU) is a cytoplasmic enzyme involved in prokaryotic biosynthe-
sis pathway and an attractive target for antibiotic drug discovery.'°
Our previous work on Escherichia coli K12 GImU (EcGImU) demon-
strated that EcGImU could be used to prepare UDP-GIcNAc deriva-
tives.!! Unfortunately, the relatively strict substrate specificity and
low yields of products have restricted the application of this
enzyme.

To gain insight into chemoenzymatic synthesis of unnatural su-
gar nucleotides, especially those UDP-GIcNAc derivatives, we focus
on Campylobacter jejuni glycosylation system'2~'° to find a feasible
and effective approach to synthesize unnatural sugar nucleotides
which can greatly benefit synthetic, biological and medicinal
chemistry. Herein, we provide a chemoenzymatic method to syn-
thesize multiple unnatural sugar nucleotides using a novel N-ace-
tylglucosamine-1-phosphate pyrophosphorylase (CjGlmU) from C.
jejuni NCTC 11168 (Scheme 1).

According to our previous work on Escherichia coli K12
GImU,'"'® we cloned and overexpressed CjGlmU. The catalytic
activity of CjGImU was detected under standard condition in a total
100 pL solution system containing 20 mM Tris-HCl (pH 7.5), 5 mM
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MgCl,, 5 mM GlcNAc-1-P, 5 mM UTP, 1 U/mL yeast inorganic pyro-
phosphatase and 10 pL purified protein (about 6 pg). Yeast inor-
ganic pyrophosphatase could drive the reaction forward by
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Scheme 1. Enzymatic synthesis of unnatural sugar nucleotides using CjGImU from

sugar-1-Ps and NTPs.

Table 1
Yields of NDP-GIcNAc analogs synthesized by CjGImU

Forward Reaction Yield
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Figure 1. Divalent metal-ion preference.
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? Yield from profiles of capillary electrophoresis.
> No product detected by MS or capillary electrophoresis.
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