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Abstract—Inhibition kinetics of two isosteric analogues of GDP-fucose (GDP-Fuc) were investigated against fucosyltransferase V
using electrospray ionization mass spectrometry coupled to multiple reaction monitoring. The carba-Fuc analogue was found to be
a competitive inhibitor with a Ki value of 67.1�9.8 mM, similar to the Km value for GDP-Fuc (50.4�5.5 mM), while the C-Fuc
analogue exhibited significantly weak competitive inhibition with a Ki value of 889�93 mM.
# 2003 Elsevier Ltd. All rights reserved.
Fucosyltransferases (Fuc-Ts) transfer fucose (Fuc) from
GDP-Fuc to oligosaccharide acceptors with inversion of
the anomeric configuration (i.e., b!a), completing the
biosynthesis of fucosylated oligosaccharides. Since
the fucosylated oligosaccharides play pivotal roles in
cell–cell recognition phenomena, Fuc-T’s have been the
subject of considerable interest in glycobiology.1,2

Among the known Fuc-T’s, Fuc-T V is the most thor-
oughly characterized enzyme and responsible for the
biosynthesis of the Lewis�determinant [Galb1-4(Fuca1-
3)GlcNAcb1-R].3 The Fuc-T V reaction is believed to
follow an ordered sequential Bi–Bi kinetic mechanism
with GDP-Fuc binding first and the product GDP being
released last.4 Based on isotopic studies it is proposed
that the transition state of the Fuc-T V reaction involves
considerable oxocarbenium ion character of the Fuc
moiety.4
To date a number of GDP-Fuc analogues that resemble
the Fuc moiety in either the ground state or the putative
transition state have been synthesized as potential inhi-
bitors of Fuc-Ts.5,6 The GDP-Fuc analogues, comprised
of carba-Fuc and C-Fuc (i.e., 1 and 2, respectively), are
of particular interest due to their isosteric nature to
GDP-Fuc and their inherent stability towards enzy-
matic cleavage7�10 (Fig. 1). Thus, both 1 and 2 can be a
valuable tool for understanding the molecular interac-
tion between GDP-Fuc and Fuc-Ts. However, to the
best of our knowledge, little biological data have been
reported and hence their biological significance remains
uncertain.5,11 Accordingly, we have undertaken the
kinetic characterization of 1 and 2 against commercially
available Fuc-T V using a mass spectrometry-based
assay method, which we developed recently.12,13

The isosteric analogues 1 and 2 were synthesized as
previously described,7,8 purified by reversed-phase
HPLC14 and used as their disodium salts. Their 1H
NMR spectra confirmed the conformational similarity of
the carba- andC-Fuc moieties to the Fucmoiety of GDP-
Fuc (i.e., 1C4 conformation).15 Detailed kinetic studies
of 1 and 2 were carried out using electrospray ionization
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mass spectrometry coupled to multiple reaction
monitoring (ESI-MS/MRM) as reported previously.12,13

ESI-MS/MRM serves as a rapid and highly accurate
method for the kinetic characterization of enzymes and
inhibitors. The enzyme reactions were performed using
Fuc-T V (0.085 milliunit) and 20 mM N-acetyl-
lactosamine in 20 mM Bis-Tris (pH 6.8) containing 10
mM MnCl2 and 2 mM dithiothreitol at 37 �C.16 After
termination of the reactions by addition of MeOH con-
taining 20-deoxyguanosine 50-diphosphate (dGDP) as an
internal standard, each sample was diluted with MeCN–
H2O–Et3N (35/65/0.2, v/v/v) and analyzed by ESI-MS
in negative ion mode. MRM analysis was performed to
monitor the temporal progress of the reactions. Thus, the
reaction product transition m/z 442 [(GDP–H)�]!m/z
159 [(P2O6H)�] was monitored with reference to the
internal standard transition m/z 426 [(dGDP–H)�]!m/z
159 [(P2O6H)�]. The standard calibration curve was
used to obtain a quantitative value of the enzyme velo-
city expressed in units of concentration of GDP per
min. In addition, the GDP-Fuc transition m/z 588
[(GDP-Fuc–H)�]!m/z 442 [(GDP–H)�] was monitored
to insure that less than 10% of the substrate was con-
sumed during the course of the reaction, and the tran-
sitions for 1 m/z 586 [(1–H)�]!m/z 362 [(GMP–H)�]
and for 2 m/z 586 [(2–H)�]!m/z 362 [(GMP–H)�] were
used to verify the stability of 1 and 2 during the reaction.

Dixon analysis of 1 and 2 showed a signature plot for
competitive inhibition (Fig. 2) with a Ki=67.1�9.8 mM
and 889�93 mM, respectively.17 The Ki value for 1 is
considered moderate and similar in magnitude to the
Km value for GDP-Fuc (50.4�5.5 mM).12 The results
indicate that the ring oxygen of Fuc is not critical for
recognition of GDP-Fuc by the enzyme, however, it is
essential for transfer to occur. In contrast, the data from
2 represents a greater than one order of magnitude
change in affinity caused by the replacement of the gly-
cosidic oxygen with a methylene group. This indicates
that the glycosidic oxygen plays an important role in
GDP-Fuc binding to the enzyme. A similar magnitude
of change in affinity was observed with GDP when the
b-phosphate oxygen was replaced with a methyl
group.18 Interestingly, divalent metal ions are known to
participate in leaving group activation by direct coordin-
ation to the departing atom.19 In the case of galactosyl-
transferase (Gal-T) reactions, a Mn2+ is reported to
leave the enzyme as a UDP-Gal.Mn2+ complex.20,21

Since Fuc-T V is reported to be Mn2+-dependent,4 it is
conceivable that the coordination of a metal cofactor
(Mn2+) to the glycosidic oxygen might be an important
interaction between GDP-Fuc and Fuc-T V. Such a
coordination phenomenon is absent in the currently
available X-ray crystal structures of glycosyltransferase
in complex with a sugar nucleotide donor, where a
metal cofactor is coordinating with the negative charges
of the pyrophosphate group of the sugar nucleotide.22

However, this is not surprising since the Mn2+-glycosi-
dic oxygen interaction is most likely to occur when the
second substrate (sugar acceptor) is bound, hence pro-
moting activation (transition state).

We previously reported the Ki value for the unsaturated
carba-Fuc analogue 3 (25.6�2.8 mM),13 which, as com-
pared to the Ki value for 1, indicates that Fuc-T V has a
preference towards a half-chair conformation (i.e., 3)
over the stable 1C4 conformation (i.e., 1). The con-
formational distortion of the Fuc moiety from the
ground state 1C4 to a half-chair (or a boat) conformation
Figure 1. Structure of GDP-Fuc and its carba- and C-Fuc analogues
(1 and 2, respectively) as well as the unsaturated carba-Fuc analogue 3.
Figure 2. Dixon analysis showing a signature plot for competitive inhi-
bition for 1 (A) and 2 (B) at the indicated concentrations of GDP-Fuc.
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results in a quasi-equatorial (or quasi-axial) orientation
for the glycosidic bond. This conformation places the
glycosidic bond antiperiplanar to the sp3 lone pairs on
the ring oxygen, which is a stereoelectronically favor-
able arrangement for aglycon departure.23,24 Accord-
ingly, in addition to the leaving group activation by a
Mn2+, the substrate distortion toward the catalytically
favorable conformation within the enzyme active site
may possibly be an important factor for lowering the
activation energy in the Fuc-T V catalyzed reaction.25
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