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AbstractÐUridine-50-diphospho-b-l-arabinofuranose, a possible donor of l-arabinofuranose residues in plants, was synthesized.
This compound, in the presence of UDP-galactopyranose mutase, underwent interconversion with UDP-b-l-arabinopyranose that
is a likely precursor of l-arabinofuranose in vivo. This result provided a working model for the biogenesis of arabinofuranose in
plants. # 2001 Elsevier Science Ltd. All rights reserved.

Introduction

Glycoconjugates containing furanose residues are
ubiquitous in nature.1 Among the known naturally
occurring furanose sugars, galactofuranose and
arabinofuranose are most frequently found. They are
especially abundant in the surface constituents of
microorganisms, such as bacterial O-antigens, fungal
exopolysaccharides, protozoal glycoproteins, and the
cell walls of mycobacteria. For example, all of the
galactose and arabinose units in two major myco-
bacterial cell wall polysaccharides, arabinogalactan
(AG) and lipoarabinomannan (LAM), have been shown
to exist in the furanose form.2 Arabinofuranose is also a
common structural component in plant cell walls.1,3 Its
occurrence in plant arabinan, rhamnogalacturonan,
arabinogalactan, and arabinogalactan proteins has been
well documented, in which arabinofuranose is typically
coupled to other sugar components via an a-l-(1!5),
a-l-(1!2), or a-l-(1!3) linkage.1

The precursor of d-galactofuranose (d-Galf ) found in
various glycoconjugates is UDP-d-Galf (1), which is
biosynthetically derived from the corresponding galac-
topyranose (2, UDP-d-Galp) via an unusual ring con-
traction reaction catalyzed by UDP-galactopyranose
mutase.4ÿ8 This enzyme mediated interconversion

greatly favors the thermodynamically more stable pyr-
anose form 2.5 The catalytic mechanism has recently
been shown to involve cleavage of the anomeric C±O bond
to form a bicyclo-acetal intermediate (3, Scheme 1).9 While
enzymes responsible for the biosynthesis and transfer of
d-Galf have attracted much attention due to their
potential as drug targets for bacteria, fungi, and para-
sites, less is known about the biosynthesis of arabino-
furanose (4, Araf) at enzymatic level. Structurally,
l-arabinofuranose di�ers from d-galactofuranose only
by a shorter side chain at C-4. It is thus conceivable that
biosynthesis of l-arabinofuranose follows a path similar
to that of d-galactofuranose, involving an enzyme cata-
lyzed ring contraction of l-arabinopyranose. Indeed,
preliminary data have shown that the source of l-
arabinofuranose (Araf ) residues of the plant poly-
saccharides is UDP-l-arabinopyranose (UDP-l-Arap,
5, see Scheme 3),10,11 which may be the substrate of the
putative mutase. In order to test the viability of this
hypothesis, we have chemically synthesized UDP-l-
Araf (4) and examined its competence as a substrate for
UDP-galactopyranose mutase, a homologue of the
putative arabinopyranose mutase. Reported in this
paper are the results of these experiments.

Results and Discussion

The synthesis of UDP-b-l-arabinofuranose (4) was
accomplished by a sequence of reactions delineated in
Scheme 2. l-Arabinose was converted, according to a
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one-pot procedure developed by Ichikawa et al.,12 to
tetra-O-acetyl-l-arabinofuranose (6) as a 1:1 mixture of
a,b isomers. Subsequent preparation of b-l-arabinofur-
anosyl phosphate followed a strategy of de Lederkremer
and co-workers.13 As shown in Scheme 2, upon treat-
ment with bromotrimethylsilane, tetra-acetate 6 was
converted to the corresponding tri-O-acetyl-l-arabino-
furanosyl bromide (7), which was chromatographically
unstable on silica gel. Hence, without puri®cation,
compound 7 was reacted directly with excess triethyl-
ammonium dibenzyl phosphate in anhydrous toluene
overnight. The resulting mixture was ®ltered and the
®ltrate was chromatographed on silica gel (ethyl ace-
tate/hexanes, 3/5) to yield the desired product 8 as a
single isomer. This product was isolated as a syrup. The
1-H signal in the 1H NMR spectrum appeared as a
doublet of doublets (J1,2=4.5, JH-1,P=5.4), and those of
C-1 and C-2 in the 13C NMR spectrum, due to coupling
with 31P, resonated as a doublet at d 97.8 (J=5) and d
75.9 (J=5), respectively. The observed coupling constant
between 1-H and 2-H clearly indicates a cis relationship
between the two hydroxyl groups at C-1 and C-2.14 The
product 8 was therefore characterized as dibenzyl (2,3,5-
tri-O-acetyl-b-l-arabinofuranosyl) phosphate. The
corresponding a isomer was not observed in this case.

Compound 8 was debenzylated by catalytic hydrogena-
tion over 10% palladium on charcoal in the presence of
triethylamine to a�ord the phosphate 9 as a mono-
triethylammonium salt in good yield (92%). Deacetyla-
tion of compound 9 was readily achieved by treatment
with methanol/water (5/2) in the presence of triethyl-
amine, providing the desired b-l-arabinofuranosyl
phosphate (10) as its bistriethylammonium salt in
quantitative yield. The ®nal product UDP-l-Araf (4)
was synthesized from 10 and uridine phosphomorpholi-
date in anhydrous pyridine in the presence of 1H-tetra-
zole.15,16 The reaction mixture was separated ®rst by
size exclusion chromatography (Sephadex LH-20,
methanol), and then by HPLC on a semi-preparative
C18 column (1.5% acetonitrile in 50mM triethyl-
ammonium acetate) to give nearly homogeneous UDP-
l-Araf (4) as the bistriethylammonium salt in 42%
yield. The structure of the puri®ed product was con-
®rmed spectroscopically by NMR (1H, COSY, 13C, and
31P) and high-resolution ESI-MS. The presence of two
doublets of similar intensity in the proton decoupled 31P
NMR con®rmed the presence of a diphosphate link-
age.17 The availability of this furanose derivative is
important for the bioassay. Since the equilibrium of the
interconversion greatly favors the pyranose form, little
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turnover would be seen if UDP-l-arabinopyranose was
used as the substrate.

To demonstrate that UDP-l-Araf (4) can undergo
interconversion to generate UDP-l-Arap (5) in the
presence of a mutase, the synthetic product 4 was incu-
bated with Escherichia coli UDP-galactopyranose
mutase puri®ed from an overproducing recombinant
strain, E. coli BL-21 (DE3)/pQZ-1.18 An assay solution
consisting of 2 mM UDP-l-Araf (4) and 72 mM mutase
in 30 mL of 100mM potassium phosphate bu�er (pH
7.5) was incubated for 10min at 37 �C. The resulting
mixture was analyzed by reversed-phase HPLC (C18

column, 1.5% acetonitrile in 50mM triethylammonium
acetate). The detector was set at 262 nm and the ¯ow
rate was 1.0mL/min. Under these conditions, a new
peak with a retention time of 5.9min was observed,
whereas UDP-l-Araf was eluted at 8.2min (Fig. 1).
More than 90% conversion of 4 to this new product
could be achieved by prolonged incubation or by
including 20mM sodium dithionite in the reaction since
the mutase is more reactive in its reduced form.18 A
preparative incubation allowed this product to be pur-
i®ed by semi-preparative HPLC under the aforemen-

tioned conditions. As expected, this compound was
identi®ed as UDP-l-Arap (5) by NMR and MS analy-
sis,19 and by comparison to reported data.20 The kinetic
analysis was carried out by the same discontinuous
HPLC assay. The product and substrate ratios were
calculated from the integration of the corresponding
peaks from the HPLC chromatogram. The Km and kcat
for UDP-l-Araf were determined to be 0.6mM and
12 sÿ1, respectively. The kcat value is comparable to that
(kcat=27 sÿ1) found for UDP-d-Galf, but the Km value
is nearly 30-fold greater than that of UDP-d-Galf
(Km=22 mM). These results suggest that signi®cant
interactions exist between the hydroxymethyl side chain
of UDP-d-Galf and the surrounding amino acid resi-
dues in the enzyme active site. Nevertheless, UDP-l-
Araf is clearly a reasonable substrate for UDP-galacto-
pyranose mutase.

The work presented here is a proof of concept that
UDP-l-Araf can be converted from UDP-l-Arap by the
action of a mutase. On the basis of our data, this con-
version can be catalyzed by a single enzyme, UDP-
galactopyranose mutase, which works on both the
d-Galp/d-Galf and l-Arap/l-Araf series. However, so
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far all the arabinofuranose units found in the surface
constituents of microorganisms are d-arabinose,21,22
and the precursor of d-arabinofuranose in microorgan-
isms has been established to be a b-d-arabinofuranosyl-
1-monophosphoryldecaprenol. This notion is supported
by many lines of evidence,23ÿ25 including the incor-
poration of chemically synthesized decaprenol phos-
phoarabinose into the oligosaccharide products in the
presence of a membrane preparation from myco-
bacteria.26 Therefore, in microorganisms it is likely that
two distinct mutases are required to catalyze these two
related ring contraction reactions, if d-arabinofuranose
is indeed derived from d-arabinopyranose in its phos-
phoryldecaprenol form.27 On the contrary, the arabino-
furanose units found in plant polysaccharides are l-
arabinose, where the scenario of one enzyme to catalyze
the conversion of 2 to 1 and 5 to 4 is de®nitely a possi-
bility. The ready availability of UDP-l-Araf (4) through
the chemical synthesis reported herein will certainly
facilitate the detection and isolation of the desired
mutase in plants. It would be interesting to compare
whether the putative UDP-l-Arap mutase and UDP-d-
Galp mutase are the same enzyme or are evolutionarily
related, and whether the Arap mutase can also accept
Galp/Galf as substrates. Additionally, with large quan-
tities of 4 available, one could also attempt to isolate the
arabinofuranosyl transferase and study how nature
incorporates arabinofuranose into biological molecules.
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