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A new method to construct a fluorescent saccharide
biosensor based on a lectin protein is successfully proposed
using post-photoaffinity labeling modification coupled to
aldehyde chemistry.

A biosensor is regarded as one of the ideal systems to monitor
ions and molecules of biological importance both in vivo and
in vitro,1,2 since a protein framework can provide a superior
molecular recognition scaffold. To carry out the rational
coupling of a signal transduction device with the molecular
recognition events on a protein scaffold, most examples rely
upon site-directed mutagenesis,3 GFP (green fluorescent pro-
tein) fusion strategy4 and protein total-5 or semi-6synthesis. In
contrast to genetic technologies, however, chemistry-based
versatile methods for the manipulation of biomacromolecules
have not been satisfactorily developed. In fact, there are still
limited numbers of procedures that are capable of the site-
directed introduction of unique thiol3 or ketone7 groups into
native proteins in order to tag unnatural signaling molecules.

We describe herein a new method named as ‘post-photo-
affinity labeling modification’ to construct a fluorescent
saccharide-biosensor based on a naturally occurring saccharide-
binding protein, concanavalin A (Con A). Con A, a kind of
lectin family, can bind a-D-mannoside and a-D-glucoside
derivatives selectively.8 An active site-directed modification of
the lectin was conducted by the photoaffinity-labeling tech-
nique using p-azidophenyl-a-D-mannopyranoside 1. The sub-
sequent oxidative degradation of the mannose part to produce
aldehyde tags, followed by the chemical modification with a
hydrazine derivative yields a fluorescent lectin.

The affinity ligand 1 which has both a a-mannoside unit, the
strongest monosaccharide ligand for Con A, and a phenylazide
group as a photoaffinity labeling group was synthesized as
shown in Scheme 1. Peracetylmannose was glycosylated by p-
nitrophenol in the presence of BF3·Et2O,9 followed by deacyla-

tion with NaOMe and conversion of the nitro-group to azide in
the conventional manner to afford the target 1.10

The post-photoaffinity labeling modification for Con A is
briefly outlined in Scheme 2. When the ligand 1 was bound to
the binding pocket of Con A, photolabeling via nitrene
generation was carried out by UV light irradiation (l =
254 nm).10 The labeled Con A was purified by gel chromatog-
raphy (Biogel-P-30), followed by affinity chromatography
(Sephadex G-100). Two fractions bearing the lessened affinity
to the Sephadex column than native Con A were obtained.†  The
analysis by MALDI-TOF mass spectroscopy shows that the first
fraction showing no affinity to Sephadex is a Con A
homodimer, the monomer of which is modified with 1 mole of
1 (a mass peak appeared only at 25 850 ± 10 due to Con A plus
1), and the second one showing moderate affinity is a
heterodimer that comprises the modified Con A monomer (1
mole of 1 per 1 mole of Con A) and the unmodified monomer
[two mass peaks appeared at 25 850 ± 10 and 25 583 (native
Con A)]. The total yield of the modified Con A is about 30%. To
determine the labeled site, the labeled Con A was digested by
lysyl-endopeptidase (at 37 °C, pH 9.0 for 15 h in the presence of
3 M urea).11 The HPLC (ODS column) and MALDI-TOF mass
analyses of the digested peptides showed that only two
fragments [the peptide 1 (A1-K30) and the peptide 6 (R60-
K101)] among 10 fragments of the digested peptide were
labeled with 1 mole of the ligand 1. The crystal structure of Con
A12 shows that these two peptides are strongly involved in the
sugar binding. Especially, Tyr12 in fragment 1 and Tyr100 in
fragment 6 form a hydrophobic fence of the binding pocket.
These reasonably suggest that the photoaffinity labeling
reaction site-selectively proceeds under the present conditions.
Subsequently, the mannose unit of 1 introduced by photo-
affinity labeling can be converted by oxidation with periodate
(IO4

2) under mild conditions into unique aldehyde groups
(CHO-Con A),13 that can be chemoselectively labeled with
hydrazine- or aminooxy-appended fluorophores [DCCH-Con A
in the case of DCCH (a coumarin derivative)-hydrazine].14

Secondary structure of the modified Con As was monitored
by CD spectroscopy. A negative Cotton peak at 218 nm,
characteristic of the typical b-sheet, in all of the modified Con
As (the labeled, CHO-, and DCCH-Con A), is comparable to
that of native Con A,15 suggesting that the secondary structure
is not significantly disturbed by the present modification.

DCCH-Con A showed an absorption at 435 nm16 (Fig. 1a)
and a strong fluorescence at 485 nm (excitation at 435 nm), due
to the coumarin unit, an environmentally sensitive fluorophore.
Thus, we monitored emission spectral changes of DCCH-Con A
by the addition of methyl-a-D-mannoside (Me-a-Man), the
strongest mono-saccharide ligand for native Con A (inset of
Fig. 1b). With increasing concentration of Me-a-Man, the
emission intensity at 485 nm is gradually lessened and the
change is saturated at less than 10 mM. The saturation curve
(Fig. 1b) obtained by the fluorescent titration can be analyzed by
a Benesi–Hildebrandt plot to give a binding constant of 1.9 3
10 3 M21 for Me-a-Man. Similar saturation curves were
observed in the fluorescent titration of other types of sacchar-
ides and the association constants are determined as summa-
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Scheme 1 Synthesis of photoaffinity labeling reagent 1. Reagents and
conditions: (a) (i) p-nitrophenol, BF3·Et2O (1 eq.), dry CH2Cl2, rt, 3 days;
(ii) NaOMe, dry MeOH, rt, 2 h (55% for 2 steps). (b) 10% Pd/C, MeOH, rt,
30 min (95%). (c) (i) NaNO2, 0.4 M HCl, 0 °C, 30 min; (ii) NaN3, 0 °C,
20 min (61%).
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rized in Table 1. It is clear that the order of the affinity constants
for various saccharides is the same as that of native Con A (Me-
a-Man > Me-a-Glc > Me-a-Gal, Me-b-Glc), although the
affinity constants are lower than the literature values of native
Con A17 determined by ITC (isothermal titration calorimetry)
measurement. Significantly these results imply that the molec-
ular recognition event occurring in the binding pocket of
DCCH-Con A can be directly transduced by the fluorescence
signal. This is the first step toward the rational design of
fluorescent saccharide biosensors based on lectins. The reduced
selectivity of DCCH-ConA might be due to the partial blocking
of the sugar-binding pocket by the appended fluorophore and/or
the structural disturbance of the binding site by the unnatural
groups. Details are now under investigation in our laboratory.

We believe that this strategy is so general that other
fluorescent biosensors may be produced showing different
saccharide specificities by the simple replacement of the sugar
part of 1 and the usage of the corresponding lectin.
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Scheme 2 Schematic illustration for semisynthesis of DCCH-ConA. The typical structures of the oxidative degradation of mannose are shown.

Fig. 1 (a) UV-vis spectrum of DCCH-ConA; (b) fluorescence titration
curve of DCCH-ConA with Me-a-Man. [DCCH-ConA] = 3 mM, 50 mM
HEPES buffer (pH 7.0), 1 mM MnCl2, 1 mM CaCl2, 0.1 M NaCl at 15
±1 °C, lex = 435 nm; inset: fluorescence spectral change of DCCH-ConA
by the addition of Me-a-Man.

Table 1 The binding constants (K) of DCCH-ConA for saccharides

K/M21

Saccharide DCCH-ConA Native ConA

Me-a-mannoside 1900 11 000a

Me-a-glucoside 1450 3 000a

Me-b-glucoside 520 —b

Me-a-glactoside 570 —b

a Ref. 16. b The binding constants for Me-a-galactoside and Me-b-
glucoside have not been reported because of their low affinity.
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