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One of the main consequences of the completion of the
human and other genome-sequencing projects has been the
fact that the challenge in biological research has shifted to-
wards the assignment of functions to the numerous gene
products. The field of proteomics contributes to this process
by developing and applying novel methods for the global
analysis of protein expression in biological samples of high
complexity.[1] Proteomics research typically starts by reducing
the sample complexity through multidimensional separation
methods based on the unique characteristics of the proteins or
their peptides, such as isoelectric point, molecular mass or hy-
drophobicity, followed by identification and quantification by
mass spectrometry. This methodology, however, has some dis-
advantages as it may overlook, for example, low-abundance or
extremely lipophilic proteins that are physiologically important.
Moreover, these methods are based on the detection of pro-
tein abundance rather than protein activity, whereas numerous
forms of post-translational regulation[2] take place that turn the
proteins into their active forms.

Only recently new synthetic molecular probes have been de-
veloped that are capable of selectively capturing enzymes by
means of their catalytic activity.[3] This “activity-based” ap-
proach holds promise for the study of enzyme families for
which irreversible inhibitors can be designed, but cannot be
applied to proteins devoid of catalytic activity. Amongst those,
the lectins are a particularly intriguing group. These proteins
recognise carbohydrate motifs and are involved in multiple im-
portant cellular-recognition processes.[4] Considering their im-
portance, we envisaged the need for developing new synthetic
molecular probes for the functional study of lectins in biologi-
cal systems. We here report on the development of a new
chemical probe that allows the covalent capture and subse-
quent analysis of members of an important lectin family: the
galectins.[5] Galectins are a subfamily of lectins known to bind
monovalent b-galactoside-containing motifs. Around 14 mem-
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bers of the family have been characterised in mammals and
they are known to be implicated in many different processes
such as development, differentiation, cell–cell adhesion, cell–
matrix interaction, growth regulation, apoptosis, RNA splicing
and tumour metastasis.[6, 7] Gaining insight into the levels of ga-
lectins in biological samples is highly relevant as their levels
are linked to, for example, malignancy.[8] In a neuroblastoma
model, galectin-1 induced tumour cell apoptosis, while galec-
tin-3 blocked the effect.[9]

The probes designed in our lab are based on the combined
application of three elements: 1) a ligand containing a photo-
affinity label,[10] 2) a chemoselective ligation motif[11] and 3) a
chemical tag for visualisation (Scheme 1). Several examples
exist in the literature in which some of these elements have
been successfully employed.[12] A chemoselective ligation
method proved useful in in vivo enzyme profiling without the
disturbance of a bulky fluorescent tag,[12e] and a photoaffinity
label was shown to capture kinases.[12b] To our knowledge this
is the first report in which all three of the mentioned elements
are employed together to generate a new chemical probe.

The design of the probe was based on available crystal
structures. Close inspection of the Lac and LacNAc complexes
of galectin-1[13] and galectin-3[14] revealed the possibility of
elaborating the 3-OH position of the galactose unit without in-
terference with the binding of the sugar. While the 4’-OH is en-
gaged in hydrogen bonding, substituents at the 3’-OH could
run parallel to the surface of the protein. The orientation of
the sugar is conserved in both crystal structures, and elabora-
tion of the 3’-OH has already been exploited to synthesise ga-
lectin-3 inhibitors with enhanced activity.[15] We thus decided
to position the photoreactive group at the 3’-OH of the lacto-
side. Benzophenone was chosen, since it can be activated in a
reversible manner, it does not react with protic solvents and it
only modifies C�H bonds within 3 � of the carbonyl oxygen.[16]

Due to the highly lipophilic nature of the benzophenone sub-
stituent and in order to minimise the overall hydrophobic char-
acter of the probe, a water-solubilising linker containing ethyl-

ene glycol units was incorporated. Finally, an azido functionali-
ty was included with the purpose of taking advantage of the
highly efficient 1,3-dipolar chemoselective copper-catalysed cy-
cloaddition between azides and alkynes, denoted as “click”
chemistry.[11] All of these features are present in compound 6.

The synthesis of 6 (Scheme 2) started with the mono-tosyla-
tion of commercially available tri(ethylene glycol) to yield the
mono-substituted spacer 1.[17] Glycosylation of 1 with hepta-O-
acetyl-lactosyl bromide 2[18] under IBr-promoted conditions
gave only the b-O-glycosylated product 3. After displacement
of the tosyl group with sodium azide to give 4,[19] the acetates
were fully removed to yield the deprotected lactoside 5.[19] Mi-
crowave-assisted, tin-mediated regioselective 3-O-alkylation[20]

with 4-(bromomethyl)benzophenone gave the desired 3’-O-
substituted photoprobe 6 in high yield. The alkyne–rhodamine
conjugate 8, for in-gel visualisation of trapped proteins, was
prepared from commercially available succinimidyl ester 7.

In order to asses the effect of photoactivation on the pro-
tein, the probe was irradiated in the presence of human galec-
tin-1 (360 nm, 30 min), and the ability of the isolated protein
(after ultrafiltration) to bind a carbohydrate chip surface was
measured. A 40 % decrease in the equilibrium SPR signal was
observed when compared to unmodified protein. To unequivo-
cally establish the covalent attachment of the probe to the
target protein, galectin-1 was irradiated in the presence of a
50-fold excess of probe 6 (2 mm), and the resulting mixture
was ultrafiltrated (cut-off 5 kDa) to eliminate excess labelling
reagent. The filtrate was diluted tenfold in 0.1 % (v/v) acetic
acid and 50 % (v/v) acetonitrile in H2O, then analysed by ESI-
MS (Figure 1). MS data showed that around 70–80 % of the
protein was labelled with 6. The 14.8 kDa galectin-1 peaks
were always accompanied by peaks corresponding to the addi-
tion of one probe molecule 6 (Figure 1). Under these condi-
tions, the possibility of formation of noncovalent adducts can
be excluded. Repeating the experiment with a 20-fold excess
of competing lactose (with respect to 6) resulted in complete
prevention of covalent attachment of the probe to the protein;

Scheme 1. General outline for the recognition-based selective tagging of proteins. The initial binding event is followed by covalent capturing through photoactiva-
tion and subsequent chemoselective ligation for in-gel visualisation.
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this clearly showed that binding-site recognition was necessary
for the covalent attachment of the probe to the protein (data
not shown).

After validating the photoinduced covalent attachment of 6
to galectin-1, we focused on the “bio-orthogonal” (inert to
chemical functionalities present in common biological samples)
chemoselective attachment of the labelled protein to a report-
er group that would allow visualisation by attachment of a
rhodamine dye to the targeted protein. Our choice was the
copper-catalysed 1,3-dipolar cycloaddition “click” reaction be-
tween azides and alkynes.[11] The azido functionalised probe 6
was treated with the alkyne-containing rhodamine derivative 8
in the presence of CuSO4, a tris(triazolyl)amine ligand,[21] and
copper wire for 1 h in phosphate buffer (pH 8); this resulted in
the total consumption of alkyne 6 to generate the triazolyl-
containing adduct. Once optimal conditions for the “click” re-
action were determined, we proceeded to analyse its potential
application in the presence of the azide-containing labelled
protein. Thus galectin-1 was incubated with probe 6 under
360 nm light, and the resulting mixture was ultrafiltrated to
eliminate excess labelling reagent. The protein was treated
with the alkyne-derivatised rhodamine 8 (2 mm, twofold excess
with respect to probe), and, after ultrafiltration, the solution
was run on an 18 % SDS-PAGE gel. Visualisation by a laser-in-

duced fluorescence scanner produced the image depicted in
Figure 2 (lane 2). After visualisation, the same gel was immedi-
ately stained with Coomassie blue to reveal both labelled and
unlabelled protein. It could be clearly observed that the rhoda-
mine tag had been incorporated into galectin-1. In order to
rule out unspecific tagging of the protein, the same sample
preparation was repeated with denatured protein. As shown in
Figure 2 (lane 1), no labelling was observed in that case; this
confirmed that specific binding is required for galectin-1 label-
ling.

In order to further support the carbohydrate binding-site
dependent nature of the labelling, galectin-1 and galectin-3
together with cytochrome C and glyceraldehyde-3-phosphate
dehydrogenase were subjected to the same photolabelling
and tag-attachment routine as described before to generate
the image observed in Figure 3. Selective labelling of the gal-
actose-recognising proteins was observed.

In conclusion, we have described the synthesis and valida-
tion of a new chemical probe for the study of galectins based
on the combined application of photoaffinity labelling, chemo-
selective ligation and affinity-tag visualisation. Placement of
the photoaffinity label was based on the crystal structures of
galectins and proved to be a crucial factor, since attachment of
the label to the reducing end of lactose (see Supporting Infor-

Scheme 2. Synthesis of chemical probe 6 and rhodamine derivative 8. Reagents and conditions : a) IBr, DCM/CH3CN, 61 %; b) NaN3, DMF, reflux, 95 %; c) NaOMe,
MeOH, 93 %; d) Bu2SnO, Benzene/CH3CN (5:1), mW, 5 min. , 150 8C, followed by e) 4-(Bromomethyl)benzophenone, Bu4NI, Benzene/CH3CN (5:1), mW 10 min. , 150 8C,
71 %; f) propargyl bromide·HCl, iPr2NEt, CH2Cl2, 94 %.
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mation) yielded no detectable protein labelling. Our method,
which includes design aspects, complements the application
of the Sulfo-Bed cross-linking agents that were conjugated to
(neo)glycoproteins and shown to capture bacterial adhesin
proteins.[22] Whether the design aspect of the placement of the
photoreactive group is required might depend on the targeted

lectin or lectin class. This novel probe will now be applied in a
proteomic study in complex biological samples to help unravel
different aspects of galectin biology. The approach is amenable
to many protein families, since only the existence of a photo-
reactive version of a ligand/inhibitor is needed. The use of
large molecular constructs is also minimised, as the result of
the use of chemoselective ligation methods to incorporate the
reporter group. To those attractive features must be added its
simplicity and sensitivity, the small amounts of probe required
and the ease of synthesis, thus providing a quick and inexpen-
sive way for many laboratories to analyse particular subpro-
teomes of interest.
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