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Summary: One of the main difficulties in the research of lectins is the absence of an adequate technique for their
specific and routine detection. Here, we present a photoreactive carbohydrate-probe which could help to overcome
this problem. The probe was comopsed by joining four segments:

(i) a carbohydrate moiety,

(ii) the digoxigenin tag,
(iii) the photoreactive cross-linker and
(iv) the lysyl-lysine backbone.

After incubation with lectins in the dark, the probe can be activated and cross-linked to the lectins by illumination.
The result is a lectin with covalently incorporated digoxigenin tag. Such a labelled lectin can be easily identified
using anti-digoxigenin antibodies in a Western blot technique. This method is of high specificity and sensitivity and

enables direct detection of lectins in complex mixtures, even whole cell homogenates.

Introduction

Almost all living cells contain a large number of dif-
ferent carbohydrate structures on their surface (1). The
potential for encoding information contained in these
carbohydrates is immense (2, 3). In peptides and oligo-
nucleotides, the information content originates only
from the number of monomeric units and their sequence,
whereas in carbohydrates, information is also encoded
in the position and anomeric configuration (o or f) of
the glycosidic unit, and in the occurrence of branching
points (4). According to the current knowledge of the
biosynthetic machinery which generates the carbohy-
drate structures, the glycosyltransferases responsible for
the assembly process have highly specific substrate
requirements and each enzyme generates only a very
limited number of bonds (5, 6). Thus, the diversity exist-
ing in carbohydrate structures presumably arises from a
multiplicity of synthetic enzymes, suggesting that infor-
mation can be, and probably is encoded in carbohy-
drates.
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Lectins are physiological receptors for glycoconjugates,
thus being the molecules responsible for interpretation
of information contained in carbohydrate structures (7).
Although known for more than a century (8), lectins
have only recently started to attract wider attention. This
was mainly prompted by studies which demonstrated
lectins as useful reagents for detection and isolation of
glycoproteins (4). The idea that lectins may act in cell
recognition originates from Harrison & Chesterton, who
proposed that a group of low M, B-galactoside-specific
animal lectins, which they have called galaptins, might
mediate adhesion via a cell-cell bridging mechanism (9).
The background for this hypothesis was the realization
that surface carbohydrates may function in cell recogni-
tion (10, 11), and demonstration that lectins are not con-
fined to plants, as originally believed, but are ubiquitous
in nature (4, 7).

The major obstacle in the research of lectins is the ab-
sence of an adequate technique for specific detection of
carbohydrate-binding activity. Generally, it is first nec-
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essary to purify lectin by some kind of affinity chroma-
tography, and only then it is possible to detect it with
classical protein-staining methods (12, 13). Definitive
proof that the protein eluted from the carbohydrate-af-
finity column is indeed a lectin is very hard.to obtain.
All currently existing methods measure only total sugar-
binding activity in the sample, and cannot attribute this
activity to a specific polypeptide, nor can they distin-
guish between two lectins of a similar specificity. In the
case of proteins which are able to refold on a membrane
after SDS PAGE and blotting, neoglycoproteins could
serve this purpose (14), but this is not very often. Usu-
ally lectins lose their activity during SDS PAGE. The
final proof that the protein of interest is indeed a lectin
is possible only after cloning, i.e. when the presence of
carbohydrate recognition domain is demonstrated (15).

Materials and Methods
A
Methods

5-Bromo-4-chloro-3-indolylphosphate, nitro blue tetrazolium, 4-
azidobenzoic acid-N-hydroxysuccinimide ester, lysyl-lysine, a-D-
glucopyranoside-phenylisothiocyanate and other carbohydrates
were purchased from Sigma (St. Louis, MO); Immobilon PVDF
membrane from Millipore (Bedford, MA), digoxigenin-3-O-
methylcarbonyl-g-aminocaproic acid-N-hydroxysuccinimide ester,
anti-digoxigenin F(ab), fragments labelled with alkaline phospha-
tase and anti-digoxigenin F(ab), fragments labelled with horse-rad-
ish peroxidase from Boehringer Mannheim (Mannheim), Bio-Gel
P2 from Bio-Rad Laboratories (Hercules, CA).

Concanavalin A ELISA

Pro-Bind plates (Falcon) were precoated with Concanavalin A by
4 h incubation with 0.1 mg/well Concanavalin A. After overnight
blocking with 3% bovine serum albumin in phosphate-buffered sa-
line, wells were incubated with samples (fractions from the gel
filtration during purification of the photoreactive glucose probe)
for 2 hours. After washing, wells were screened with anti-digoxi-
genin F(ab), labelled with horse-radish peroxidase, and developed
with 0.04 g/l o-phenylenediamine in 0.05 mol/l Na citrate, 0.15
mol/l Na phosphate, 0.1 g/l H,0,, pH = 5.0 as a substrate.

Thin-layer chromatography

Purity of the u-D-glucose probe was analyzed by thin-layer chro-
matography (HPTLC Precoated plates, 0.2 mm thick kieselgel,
10 X 10 cm, Merck, Darmstadt) using chloroform: methanol: 40
mmol/l KCl = 50 + 42 + 11 (by vol.) solvent system. The sample
was applied, and the plate developed in a dark room under red
light. After development the plate was cut into two halves. One
half was stained for glucose-containing compounds, and the other
for amino groups. For detection of glucose containing compounds
plates were sprayed with resorcinol/HCI reagent (2 g/l resorcinol;
025 mmol/l CuSO, in 10 mol/l HCI). For detection of NH,-con-
taining compounds plates were sprayed with 2.5 g/l ninhydrin in
96% ethanol. Immediately after spraying, plates were layered onto
an another glass plate (pre-heated to 100 °C), fastened with a pair
of clips and maintained at 100 °C until the colour developed.

Cross-linking assay

Eight pul of protein sample were supplemented with 0.7 mmol/l
CaCl, and 0.5 mmol/l MgCl,. The NaCl concentration was.adjusted
to 250 mmol/l. Two pl of 0.5 umol/l u-D-glucose probe were added
to samples (final volume = 10 pl) and incubated 30 minutes in the
dark at room temperature. Samples were cross-linked by illumina-
tion for 30 s in ‘Strategene cross-lirnk.el‘r 1800°.

Results and Discussion
The photoreactive carbohydrate probe

To overcome the obstacles to the specific and routine
detection of lectins we have designed a photoreactive-
carbohydrate probe. The probe consists of four seg-
ments:

(i) the carbohydrate moiety,

(ii) the digoxigenin tag,
(iii) the photoreactive cross-linker and
(iv) the lysyl-lysine backbone.

The structure of the a-D-glucose probe is shown in fig-
ure 1. In this study only the synthesis and use of the a-
D-glucose probe will be described, but we have success-
fully applied analogous procedures for synthesis of ga-
lactose and mannose probes.

Lysyl-lysine was selected as backbone for the probe be-
cause it contains three spatially distant amino groups
prone to chemical modifications. a-D-Glucopyranoside-
phenylisothiocyanate was used to introduce a carbohy-
drate group into the lysyl-lysine backbone. This reagent
is commercially available, and it was demonstrated that
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Fig. 1 Structure of the photoreactive a-D-glucose probe.

One of the possible structures is shown. The digoxigenin tag (DIG)
is” almost exclusively bound to the a-amino group of the lysyl-
lysine backbone. The a-D-glucose and the photoreactive cross-
linker are randomly distributed over t'iue two €-amino groups.
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the phenyl spacer does not interfere with the binding
of a-D-glucose to nuclear lectins (3). Digoxigenin, a
commonly used molecular tag, was selected for a spe-
cific label because of its absence in mammalian tissues
and commercial availability. Biotin was not used due
to its presence in many tissues, especially liver. 4-
Azidobenzoic acid, a photoreactive cross-linker, was
used to create a covalent linkage between the probe
and the lectin. The 4-azidobenzoic acéd is completely
inert when incubated in the dark. However, when illu-
minated with UV light, the azide group is converted
to a nitrene group which rapidly reacts with a variety
of chemical bonds including N-H, O-H, C-H and
C=C (16—18).

Synthesis of the glucose probe
Glc-Lys-Lys

As the first synthesis step the a-D-glucose (Glc) tag
was introduced into the lysyl-lysine backbone by re-
acting o-D-glucopyranoside-phenylisothiocyanate with
one of the amino groups of lysyl-lysine. One mg of
a-D-glucopyranoside-phenylisothiocyanate was  dis-
solved in 15 pl dimethylsulphoxide and slowly trans-
ferred to 1 ml lysyl-lysine solution under constant
shaking. To prevent introduction of more than one
glucose molecule into the probe, the molar ratio of a-
D-glucopyranoside-phenylisothiocyanate to lysyl-lysine
was adjusted to 1:5. Reaction was performed for
4h at room temperature in 0.1 mol/l borate buffer
(pH 8.8).

The reaction product (Glc-Lys-Lys) was separated
from non-reacted a-D-glucopyranoside-phenylisothio-
cyanate and lysyl-lysine molecules by gel filtration
through a Bio-Gel P2 column (1 X 150 cm), equili-
brated in 0.1 mol/l borate buffer (pH 7.4). Eluted
fractions were analyzed for the presence of glucose
with the resorcinol sulphuric acid micromethod (19),
and for the presence of NH, groups with ninhydrin.
Approximately 98% of glucose was found to be incor-
porated into the Glc-Lys-Lys complex and was eluted
in the first peak (V./V, = 1.44). Non-reacted lysyl-
lysine and a-D-glucopyranoside-phenylisothiocyanate
co-eluted in the retarded fraction (V/V, = 1.78).

Glc-Lys-Lys-Dig

The second step was the introduction of the digoxigenin
label into the probe. Digoxigenin-3-O-methylcarbonyl-
g-aminocaproic acid-N-hydroxysuccinimide ester (0.3
mg) was dissolved in 15 ul dimethylsulphoxide and
added to the Glc-Lys-Lys solution. The labelling reac-
tion was performed for 4 h at room temperature. The pH
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of 7.4 was used to assure that only one digoxigenin tag
would be introduced. At this pH the g-amino groups of
lysyl-lysine are virtually completely protonated and only
the a-amino group can react with the hydroxysuccini-
mide ester. Because approximately 50% of the a-amino
groups in Glc-Lys-Lys complex were already occupied
with the glucose label introduced in the previous step,
the molar ratio of digoxigenin-3-O-methylcarbonyl-e-
aminocaproic acid-N-hydroxysuccinimide ester to Glc-
Lys-Lys complex was set to 1 : 3.

The reaction product (Glc-Lys-Lys-digoxigenin com-
plex) was separated from non-reacted molecules by a
second gel filtration procedure applying the same col-
umn as above, but equilibrated and eluted with 0.1 mol/l
borate buffer pH = 8.8. Based on absorbance measure-
ments more than 90% of the added digoxigenin-3-O-
methylcarbonyl-g-aminocaproic acid-N-hydroxysuccini-
mide ester was incorporated into Glc-Lys-Lys-digoxi-
genin complex and eluted as a first peak.

The identity of Glec-Lys-Lys-digoxigenin was con-
firmed using ELISA with concanavalin A-precoated
plates as described in “Materials and Methods”. As
expected, the first peak gave positive result in the
assay confirming the presence of molecular species
which contain both glucose and digoxigenin. The se-
cond peak, containing Glc-Lys-Lys, gave negative re-
sult in the same assay.

The purity of the Glc-Lys-Lys-digoxigenin was analyzed
by thin layer chromatography as described in “Materials
and Methods”. After chromatography the plate was cut
in two halves and stained for sugars (with resorcinol)
and for amino groups (with ninhydrin). Both stainings
revealed the single band with r./re = 0.4 which con-
firmed the assumed homogeneity of the probe (fig. 2).

3
o

Fig. 2 Thin-layer chromatography of the photorecactive a-D-glu-
cose probe.

Five pg of Glc-Lys-Lys-digoxigenin were analyzed by thin layer
chromatography on TLC plates using chloroform : methanol : 40
mmol/l KCl =50 + 42 + 11 (by vol.) solvent system. Samples
were applicd, and the plate developed in a dark room under red
light.

Lane a, staining of sugar-containing compounds with resorcinol/
HCI reagent;

lane b, staining of NH,-groups with ninhydrin.
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Gle-Lys-Lys-digoxigenin

The final synthesis step was the introduction of the pho-
toreactive cross-linker into the probe. 4-Azidobenzoic
acid-N-hydroxysuccinimide ester, (0.3 mg) dissolved
in 15pl dimethylsulphoxide, was added to the Glec-
Lys-Lys-digoxigenin complex (molar ratio 2:1), and
incubated at room temperature in the dark for 4 h.
Non-reacted hydroxysuccinimide was inactivated by
addition of a surplus of 1 mol/l ethanolamine/HCI, pH
= 8.0. After inactivation, the free 4-azidobenzoic acid-
N-hydroxysuccinimide ester became monovalent (i.e.
it contained only one group able to form covalent
bonds with proteins) and lost the ability to cross-link.
It remained together with the glucose probe, but did
not pose any problems in the subsequent application
of the probe.

Application of the photoreactive glucose-
probe

A flow scheme for application of the photoreactive car-
bohydrate probe for detection of lectins is shown in fig-
ure 3.

(i) The probe is first incubated in the dark with lectin-
containing samples.

(ii) After formation of the lectin-probe complexes, the
samples are illuminated under an UV lamp to activate
azidobenzoic acid, which then

(i11) covalently cross-links the probe to the lectin.

The product of the labelling reaction, a lectin with the
covalently incorporated digoxigenin label, can be subse-
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Fig.3 A flow scheme for application of the photoreactive carbo-
hydrate probe.

For specific label‘ling, the carbohydrate binding proteins were incu-
b.ated together with the carbohydrate probe. For a detailed explana-
tion see “Materials and Methods”.

quently detected by anti-digoxigenin antibodies. Due to
the small relative molecular mass of the probe (M,
< 1500), labelled lectins can be easily identified by the
Western blotting technique, following the electropho-
retic separation of proteins.

Figure 4 demonstrates the specificity of the a-D-glucose
probe. The mannose/glucose specific lectin Concana-
valin A was detected by the a-D-glucose probe in the
presence of excess bovine serum albumin. Optimal con-
centrations of probe have to be chosen to obtain specific
and sensitive signals (fig. 4). If the probe is used at ex-
ceedingly high concentrations (> 5 pmol/l) unspecific
labelling of protein occurs; as an example, bovine serum
albumin and Concanavalin A are almost equally stained
by the a-D-glucose probe when the probe is used at a
final concentration of 5 pmol/l (fig. 4). At optimal con-
centration (line c) the probe specifically detects the lec-
tin regardless of the presence of excess bovine serum al-
bumin.

Conclusion

In this study we have introduced a new method for the
detection of lectins using a photoreactive carbohydrate
probe. The probe contains three vital parts:

(i) a carbohydrate moiety,
(ii) the digoxigenin tag, and
(iii) the photoreactive cross-linker.

After incubation with lectins in the dark, the probe can
be activated and cross-linked to lectins by illumination,
resulting in a lectin with the covalently incorporated di-
goxigenin tag. Such a labelled lectin can be easily iden-
tified by anti-digoxigenin antibodies using the Western
blot technique.

Bovine serum L
L, — D

albumin ! |

i i

Concanavalin A—>> € ,  ww ° &‘3 !
...... Voo

Fig.4 Application of photoreactive a-D-glucose probe.
a-D-Glucose probe was incubated with protein samples (final vol-
ume, 10 pl) for 30 min at 37 °C in the dark and then illuminated
with 7 camera flashes at a distance of 25 cm. Samples were subse-
quently separated on 12% SDS PAGE (20), blotted to Immobilon
PVDF membrane (21) and detected with anti-digoxigenin-alkaline
phosphatase-conjugate. All samples contained 0.1 pug Concanavalin
A and 1 pg bovine serum albumin.

The final concentration of the a-D-glucose probe was 5 pmol/l
(lane a); 0.01 umol/l (lane b) and 0;1 pmol/l (lane c).
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This probe is the first method which enables direct de-
tection and identification of lectins on a Western blot
and it should be of a great help to all researchers study-
ing changes in lectins under various conditions (e.g.,
development, ageing, stress, cancer etc.).
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