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A direct continuous fluorescence assay for translocase II MurG
based on fluorescence resonance energy transfer (FRET) has
been developed using a 6-substituted fluorescent analogue of
UDP-N-acetylglucosamine.

The glycosyltransferase enzyme translocase Il (MurG) catalyses
the second step of the lipid cycle of bacteria peptidoglycan
biosynthesis, namely the transfer of a GIcNAc residue from UDP-
N-acetylglucosamine (UDP-GIcNAC) to undecaprenyl pyrophos-
phoryl MurNAc-pentapeptide (lipid intermediate I) to form un-
decaprenyl pyrophosphoryl GIcNAc-MurNA c-pentapeptide (lipid
intermediate I1) (Fig. 1).* Enzymes of this pathway are important
targets for antibiotic chemotherapy.! MurG is known to be
inhibited by the cyclic peptide ramoplanin.2 The availability of an
X-ray crystal structure for MurG makes it an attractive target for
drug development,3 but assay of this enzyme is difficult, due to the
complexity of the substrates.

Since lipid | is not readily isolable from bacterial cells, and is
difficult to handle, somelipid | anal ogues have been synthesized.4-7
Generally, a radiochemical assay is the only method for measure-
ment of MurG activity.46 Recently a coupled assay has been
reported, in which the release of UDP was detected by coupling
with pyruvate kinase/lactate dehydrogenase.5.” In this communica
tion, we report a direct continuous fluorescence assay for MurG
based on fluorescence resonance energy transfer (FRET).
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Fig. 1 MurG catalysed reaction. In the FRET assay, the dansy! fluorophore
(F1) acceptor is attached to position 3 of pentapeptide, the indole-3-acetic
acid fluorophore (F,) donor is attached to the C-6 position of UDP-
GlcNAc.
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FRET involvesthe transfer of fluorescence energy from a donor
to an acceptor in the substrate or product of the reaction. FRET has
become an important technique for investigating a variety of
biological phenomena that produce changes in molecular prox-
imity.8 We have previously used a UDPMurNAc-pentapeptide
substrate modified with a dansyl fluorophore at position 3
(modified on N of meso-DAP) as a fluorescent substrate for the
preceding enzyme translocase | (MraY).?® We have therefore
investigated the possibility of attaching a fluorophore to the
UDPGIcNAc substrate of MurG, in order to set up aFRET assay for
MurG. We have used an indole-3-acetic acid fluorophore (Aem 345
nm), which isableto transfer fluorescence energy effectively to the
dansyl fluorophore (Aex 340 NM, Aem 500 NM).

Functionalisation of UDP-GIcNAc was achieved by PU/O,
oxidation of the C-6 hydroxyl of UDP-GIcNActo acarboxylic acid,
using the method of Yamazaki et al.10 1-(3-(Dimethylamino)pro-
pyl)-3-ethylcarbodiimide (EDC) coupling of amines to the C-6
carboxylic acid was unsuccessful, but coupling of hydrazides at pH
4.75 proceeded smoothly, using the method of Pouyani et al.l1
Indole-3-acetic hydrazide was successfully attached to oxidized
UDP-GIcNACc in 63% yield (Scheme 1). Using adipic hydrazide, a
further indole-acetic acid derivative containing a 10-atom linker
was also synthesized.

Escherichia coli MurG was purified from overexpressing
construct pET3a carrying the murG gene. UDPMurNAc-L-Alap-
Glu-m-DAP (Ne-dansyl)-p-Ala-p-Ala was prepared as previously
described,® and was converted to dansyl-labelled lipid | having Css
prenyl chain2 by treatment with E. coli translocase |, followed by
extraction into n-butanol.23 The fluorescent UDP-GIcNAC ana-
logues!4 were tested as substrates for MurG, in the presence of
dansyl-labelled lipid I, in 0.2 M TrisHCl buffer (pH 7.5)
containing 10 mM MgCl,, 0.2% CHAPS. Time-dependent fluores-
cence changes were observed (Ae 290 Nm, Aem 500 nm), dependent
upon both substrate and enzyme, as shown in Fig. 2.

A linear relationship between enzyme concentration and rate of
increase in fluorescence was observed (Fig. 3). No fluorescence
changes were observed in the absence of enzyme. Turnover of lipid
I tolipid Il wasfurther confirmed by measurement of UDP release,
using a coupled assay,>7 and by thin layer chromatography.
Interestingly, the two fluorescent anal ogues demonstrated different
behaviour: 1 showed 1.5-fold higher rates of fluorescence increase
than 2, implying a more efficient energy transfer in 1, due to the
shorter linker.

Using the dansyl-labelled lipid | and 1 as substrates, the kinetic
parameters for processing by MurG were determined using a

N H
C ;
. 0. NH | |
b %
o O N
AcHN

EDC, H,O/ DMF, pH 4.75, 63% HO

o, o-
1
HO Q
R R
AcHN / /
0-UDP Hy N |
o. NH H N

HO'
EDC, H,0 / DMF, pH 4.75, 62%  HO

AcHN

Scheme 1 Synthesis of fluorescent analogues of UDP-GIcNAC.
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Fig. 3 Relative rate of increase in fluorescence against enzyme concen-
tration.

Lineweaver—Burk plot. The measured K, value for 1 was 0.06 uM,
much lower than the reported K, vaue for unmodified UDP-
GIcNAC (58 uM4), in which case radiochemical assay was used.
The measured key value was 153 Fl units'mg protein/min.
Measurement of UDP rel ease using the coupled assay gave arate of
turnover of 0.025 umoles/mg protein/min. Fluorescence changes
could betotally inhibited by 20 uM ramoplanin, and 40% inhibited
by 0.02 uM ramoplanin.

A number of other detergents were examined for activity in this
assay. Fluorescence changes were only observed using zwitterionic
detergents (CHAPS, SB3-10), at detergent concentrations below
the critical micellar concentration (CMC). Thereforeit appears that
the reaction is not taking place in a detergent micelle, but that
probably thelow concentration of detergent isrequired to solubilise
the lipid | substrate.

In conclusion, UDP-GIcNA ¢ was successfully modified through
the C-6 position with afluorescent label. Assayswith E. coli MurG
have shown that the enzyme can accept the modified UDP-GIcNAc
as substrate, and energy transfer is observed under certain
conditions with a dansyl-labelled lipid | substrate. To our
knowledge, thisisthefirst direct continuous fluorescence assay for
MurG.15 The availability of fluorescently modified UDP-GIcNAc
will enable fluorescent assays to be established for other glycosyl-
transferases that use UDP-GIcNAC.
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