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Abstract—Galectins are involved in various biological processes, e.g. cell—cell and cell-matrix adhesion and the transmis-
sion of cellular signals. Despite the diversity of functions, little is known about the nature of their physiological cognate lig-
ands on the cell surface and the localization of galectins in the glycocalyx, although this information is important for under-
standing the functional activity of galectins. In this work, localization of endogenous and exogenously loaded galectins in
the glycocalyx was studied. The following main conclusions are drawn: 1) galectins are not evenly distributed within the gly-
cocalyx, they are accumulated in patches. Patching is not the result of a cross-linking of cellular glycans by galectins.
Instead, patch-wise localization is the consequence of irregular distribution of glycans forming the glycocalyx; 2) galectins
are accumulated in the inner zone of the glycocalyx rather than at its outer face or directly in vicinity of the cell membrane;

3) patches are not associated with cell rafts.
DOI: 10.1134/S000629791806010X
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The term “glycocalyx” was introduced for the sugary
coating of cells (a “sweet husk™) [1]. In the case of mam-
malian cells, it especially applies to a layer or surface coat
on the apical membrane of most cells [1-4], resulting
from the organized meshwork of membrane-bound and
matrix component molecules, especially glycoproteins,
proteoglycans, and glycolipids. Changes in the glycocalyx
composition affect cell proliferation, differentiation,
mobility, and their capacity for adhesion. For example,
decrease in expression of O-glycans in acute monocytic
leukemia THP-1 cells led to increase in their adhesion to
fibronectin [5]; aberrations in biosynthesis of N-glycans
suppressed migration and adhesion of MV3 human
melanoma cells to extracellular matrix [6]; inhibition of
biosynthesis of O-glycans in mucins led to an increase in

Abbreviations: biot, biotin; BSA, bovine serum albumin; CRD,
carbohydrate recognition domain; CTB, cholera toxin B-sub-
unit; DSA, agglutinin from Datura stramonium; FITC, fluores-
cein isothiocyanate; Gal, galectin; PBS, phosphate-buffered
saline, pH 7.2; PBA, phosphate-buffered saline, pH 7.2, con-
taining 0.2% BSA; RPE, R-phycoerythrin; Str, streptavidin.

* To whom correspondence should be addressed.

the adhesion of Staphylococcus aureus to the epithelium
and promoted the penetration causing bacterial infection
[7].

Electron transmission, electron paramagnetic reso-
nance spectroscopy, and fluorescence microscopy, in par-
ticular confocal fluorescence laser scanning microscopy
and two-photon laser scanning microscopy [3, 8-12], are
widely used for the study of the structure of glycocalyx.
Visualization of glycans by these methods is often carried
out by using a panel of plant lectins, proteoglycan binding
proteins, and antibodies to glycoproteins, sometimes in
combination with application of glycosidases.

The thickness of the glycocalyx of animal cells usual-
ly varies from 30 to 500 nm, is minimal in erythrocytes (5-
15 nm), whereas it can reach 4.5 um in endothelial cells
[1]. A glycocalyx is clearly revealed in separated cells at
apical membranes, whereas it is difficult to distinguish the
glycocalyx for the cells inside the tissue. The size of mem-
brane proteins is about 10-12 nm, which is significantly
less than the glycocalyx thickness. Thus, proteins are
masked by glycans, likely preventing their interaction via
protein—protein recognition with other cells. It is
assumed that cell—cell adhesion is accompanied by
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mechanical deformation and decrease in the glycocalyx
thickness at the place of contact of cells, this allowing the
interaction between the proteins and their ligands [13].

The objects of our study are galectins, which mediate
the processes of cell—cell and cell—extracellular matrix
adhesion [14] and are involved in the transmission of
intercellular signals. Despite the large variety of galectin
functions, the structure of their counter-receptors and
their particular glycan chains is known only in a small
number of cases, such as ganglioside GM1 or the asp,-
integrin. Even less is known about the localization of
galectins in the glycocalyx, though these data are helpful
for the understanding of their functioning. In one case, it
was shown that galectin-4 was detected in the basal layer
of the membrane in T84 colon cancer cells and galectin-
3 on the apical layer of the membrane [15]; galectins-8
and -9 binding sites were identified in the inner layer of
the pellucida zone [16], and galectins-1 and -2 were seen
to be accumulated in the upper layer of epithelium of tra-
chea [17].

In general, galectins lack any structural motifs for
anchoring in membranes. The only way of becoming a
part of glycocalyx is binding with glycans. Almost all
galectins have two carbohydrate recognition domains
(CRDs). To function as a mediator of cell—cell adhesion,
a galectin should anchor by one CRD to a glyco-mole-
cule, whereas the second one must remain free for the
binding to neighboring glycans. Of relevance, it was
shown [18] that both CRDs are involved in the binding
with glycocalyx, this seeming natural in a medium satu-
rated with glycans. It is expected a priori that for an active
interaction a galectin should be localized at the periphery
of glycocalyx, where it is accessible for binding, but
stronger (two-valent) binding is expected to proceed in
the depth of glycocalyx.

The aim of this work was to reveal (i) where galectins
are present in glycocalyx, i.e. whether in its upper or inner

Galectins loading on Raji cells

Galectins*
Loading mode
Stage 1 Stage 2
Sequentially, one Gal-1 Gal-3-biot
after the other Gal-3-biot Gal-1
Gal-1 Gal-9-biot
Gal-9-biot Gal-1
Gal-8 Gal-9-biot
Gal-9-biot Gal-8
Gal-1 Gal-9-biot
Gal-9-biot Gal-1
Simultaneous Gal-8 and Gal-9-biot —
Gal-1 and Gal-3-biot —
Gal-1 and Gal-9-biot -

* Concentration of galectins was 0.4 mg/ml.
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layer or both, and (ii) whether galectins are associated
with glycocalyx regions that contact particular micro-
domains like membrane rafts.

MATERIALS AND METHODS

Reagents. Biotinylated lectin DSA-biot (agglutinin
from Datura stramonium) was obtained from Vector
Laboratories (USA); BSA, FITC-labeled streptavidin
(Str-FITC), anti-rabbit IgG conjugated with RPE and
FITC, FITC-labeled anti-mouse IgG, and Mowiol®4-88
(Mw = 31,000) were from Sigma (USA). Anti-rabbit IgG
conjugated with Alexa Fluor®594 and cholera toxin B
labeled with Alexa Fluor®488 were from Molecular
Probes Invitrogen (USA). Culture medium RPMI-1640,
fetal calf serum, glutamine, and antibiotic—antimycotic
were obtained from Invitrogen (USA). The hybridoma
line producing the Mac-2 monoclonal antibody (No.
TIB-166) was obtained from ATCC (USA).

Recombinant Gal-1, -3, -4, -8, -9 (including
biotinylated proteins) and anti-galectin antibodies were
produced and tested as described previously [19-25].

Cell cultures. The following three human cell lines
were tested: Raji (B-lymphoma, ATCC® CCL-86™),
Jurkat (T-leukemia, ATCC® TIB-152™) and HT-29
(colon adenocarcinoma, ATCC® HTB-38™). The cells
were cultured in RPMI-1640 medium supplemented with
10% fetal calf serum, 2 mM glutamine, and 50 ug/ml of
antimycotic at 37°C in an atmosphere of 5% CO,.

Loading of cell surfaces with galectins. Cells were
washed three times with PBA to deplete the solution of
glycoproteins from the serum using centrifugation at 4°C.
Aliquots of the cell suspension (2-10° cells in 100 ul of
PBA) were incubated with 50 pl of galectin-containing
solution (0.04 or 0.4 mg/ml in PBA) for 30 min at 4°C
under gentle agitation on a shaker in the wells of U-shape
plates (Nunc, Denmark). To study kinetics of galectin
distribution in the glycocalyx (0.04 mg/ml), the plate was
incubated for periods of 1, 5, 10, or 20 min.

If two galectins were loaded on the cells, the follow-
ing combinations were tested (table).

Sample preparation for flow cytometry. Binding of
galectins to cells in the presence of DSA. Cells loaded with
Gal-1, -3, or -9 were incubated with DSA (0.01 mg/ml in
PBA) at 4°C for 20 min. After that, the cells were washed
by centrifugation and incubated with a solution of corre-
sponding antibodies (0.02 mg/ml) in PBA for 20 min at
4°C. To detect fluorescence of cells, anti-rabbit (Gal-1 or
Gal-9) or anti-mouse (Gal-3) IgG-FITC (dilution 1 : 50
in PBA) were added to the cell suspension followed by
incubation for 20 min under the same conditions, wash-
ing three-times with PBA, transferring solution into
tubes, and adding 2 ml of PBS. Flow cytometry was per-
formed using a FACScan instrument (Becton-Dickinson,
USA) equipped with Flowing Software [26] at 488 nm at
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room temperature. In each run, at least 5000 cells were
analyzed.

Competition of galectins loaded on cells. Non-labeled
galectins were detected with corresponding antibodies
(0.02 mg/ml in PBA) by incubation for 20 min at 4°C. To
determine fluorescence of cells, conjugates of anti-rabbit
IgG-RPE (Gal-1 or Gal-8) were added (in dilution 1 : 50
in PBA). Biotinylated galectins (Gal-3, Gal-9) were
detected with Str-FITC (dilution 1 : 50 in PBA). Cells
were incubated for 20 min at 4°C with agitation on a shak-
er. The extent of binding of galectins to cells was analyzed
as described above.

Sample preparation for confocal microscopy.
Labeling of glycocalyx. Cells were fixed with 4% solution
of formalin in PBS for 20 min at 37°C, followed by wash-
ing by centrifugation in PBS at 800 rpm for 3 min. To
50 ul of intact or fixed cells in suspension in PBA (1-10°
cells/ml), 50 pl of DSA-biot-containing solution
(0.01 mg/ml) was added. The cells were incubated for
20 min at 4°C, washed with PBA, and incubated with
Str-FITC (dilution 1 : 50 in PBA) under the same con-
ditions.

Labeling of galectins within glycocalyx of Raji cells. A
solution of the corresponding antibodies (50 ul in PBA)
was added into the wells of a plate containing Raji cells
loaded with Gal-1 or Gal-9. To detect glycans, 50 pl of
DSA-biot-containing solution (0.01 mg/ml in PBA) was
added into wells. The plate was incubated for 20 min at
4°C with agitation. To detect galectins and bound DSA,
conjugates of anti-rabbit IgG-Alexa Fluor®594 (dilution
1 : 200 in PBA) and Str-FITC (dilution 1 : 50 in PBA)
were added to the wells of the plate, respectively.

Labeling of galectins in glycocalyx of HT-29 and
Jurkat cells. The solution of antibodies (50 ul) to Gal-1 or
Gal-9 and DSA-biot (50 pl) were added to the wells of a
plate containing HT-29 or Jurkat (1-10° cells/ml) cells.
The plate was incubated for 20 min at 4°C with agitation.
DSA was detected as described above.

Labeling of Gal-9N. A 50-pl sample of solution of
Gal-9N (0.04 mg/ml) was added into the wells of plates
containing Raji and Jurkat cells. The plate was incubated
for 20 min at 4°C under agitation. After that, the cells
were washed with PBA as described above. To detect the
galectin, the cells were incubated with rabbit antibodies
against Gal-9 and then with anti-rabbit IgG-Alexa
Fluor®594 (dilution 1 : 200 in PBA).

Labeling of galectins that were loaded on cells sequen-
tially (one after the other) or simultaneously. Galectins
were loaded on Raji cells as indicated in the table. To
detect Gal-1 or Gal-8, the corresponding antibodies and
anti-rabbit IgG-Alexa Fluor®594 were added to the wells.
Gal-3-biot and Gal-9-biot were stained with Str-FITC.

Revealing of galectins in cellular rafts. To detect rafts,
Raji cells were washed with PBS and incubated with
cholera toxin B subunit conjugated with Alexa Fluor®488
(dilution of solution 1 : 5000 in PBS) on ice for 20 min.
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After that, the cells were washed with PBA and loaded
with Gal-1, Gal-4, or Gal-9 as described above. The
galectins were detected by their corresponding antibodies
and anti-rabbit IgG-Alexa Fluor®594.

Confocal microscopy. The mixture (15 pl) containing
2.4 g of Mowiol®4-88, 6 g of glycerol, 6 ml of water, and
12 ml of 0.2 M Tris-HCI (pH 8.5) were dropped on slide
followed by addition of cell suspension (10 ul). Images
were obtained with an Eclipse TE-2000-E confocal
microscope (Nikon, Japan). At least 10 randomly select-
ed cells were analyzed in each experiment. Cell nuclei
were stained with a solution of 4',6-diamidino-2-
phenylindole (DAPI), 1 pug/ml.

Analysis of images. Images were analyzed using pro-
grams ImageJ, Excel 2013 (Microsoft Office), and soft
EZ-C1 (Nikon, Japan) supplied with the confocal micro-
scope.

RESULTS AND DISCUSSION

The Raji cells were selected primarily because they
do not express galectins on their surface, which has been
demonstrated using antibodies to galectins [27]. First, we
planned to determine whether galectins are evenly dis-
tributed throughout the entire glycocalyx or in restricted
zones, and if in certain zones, then in which ones.

Staining of glycocalyx. To designate a glycocalyx
area, we used agglutinin DSA [28, 29] that recognizes the
GalB-4GIcNAcp disaccharide common for most cellular
glycoproteins and glycolipids.

It was necessary to determine whether the addition
of DSA to cells loaded with galectin would result in de-
sorption of the latter, because the specificities of DSA and
galectins overlap. To this end, Raji cells were loaded with
proto- (Gal-1), chimera- (Gal-3), or tandem-repeat-
(Gal-9) type galectins.

The binding of anti-galectin antibodies to cells in the
presence or absence of DSA was comparable (Fig. 1, a-c),
i.e. DSA did not displace the galectins.

Then, the uniformity of the distribution of glycans
was estimated; Raji, Jurkat, and HT-29 cells were stud-
ied. The last two were chosen because they express Gal-9
and Gal-1, respectively [30, 31].

Both native (Fig. 2, upper panel) and fixed (by for-
malin) cells (Fig. 2, lower panel) were stained. As Fig. 2
shows, the colored zones have sizes from 2 to 5 pum.
Uneven distribution of glycans was observed in both
native and fixed cells. This led to the conclusion that the
formation of the observed patches was not the result of
cross-linking by two-subunit DSA.

Localization of galectins-1 and -9 in cellular glycoca-
lyx. Unlabeled and biotinylated galectins were used in the
work. In the first case, galectins were stained by antibod-
ies, in the second by fluorescent streptavidin. Identical
results were obtained for Gal-1 and Gal-9 loaded on Raji
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Fluorescence intensity, log

Fig. 1. DSA does not displace galectins loaded on the cell. Gal-1 (a), Gal-3 (b), and Gal-9 (c) were loaded on Raji cells followed by incuba-
tion with DSA. After that, the cells were washed with PBA and incubated with antibodies to galectins as described in “Materials and Methods”.
The logs of fluorescence intensity are plotted against cell number: 7) binding of cells with anti-rabbit or anti-mouse IgG-FITC; 2, 3) binding
of galectin-loaded cells with antibodies in the presence or absence of DSA, correspondingly.

cells (not shown). Endogenous lectins can be revealed
only by corresponding antibodies, so we used unlabeled
proteins for loading on Raji cells, which were also visual-
ized using corresponding antibodies.

Galectins-1 and -9 exogenously loaded on Raji cells
are localized in patches, their size varying from 2 to § um
(Fig. 3), the size of some patches being comparable with
the thickness of the glycocalyx (Fig. 4, upper panel).

On HT-29 and Jurkat cells, endogenous Gal-1 and
Gal-9 were seen to be present also in patches (Fig. 4,
lower panel); there were no clearly visible individual fea-
tures for the discussed galectins. Mostly, the patches are
localized in the middle zone of the glycocalyx; tendency
to localization near membranes was not observed (though
it was expected for a galectin bound to glycolipid).
Comparing to endogenous galectins, the total area of the
stained zones and the size of single patches were bigger in
the case of exogenously loaded proteins; this can be
explained by the high (0.4 mg/ml) loading concentration
of the galectins.

To reveal how fast galectins are accumulated into the
glycocalyx layer, the kinetics of deposition was studied.
Incubation of galectins with cells in the first 5 min led to
association of the protein and its insertion into a depth of
glycocalyx; in 20 min galectin was detected in the inner
zone (Fig. 5).

Localization of galectins loaded together. Typically,
several galectins are expressed on the cell. They can com-
pete with each other for binding to glycans [32, 33]. We
studied the localization of two galectins loaded onto cells
simultaneously or one by one (according to the scheme
given in the table).

Unlike the divalent proto- or tandem-type galectins
(which have two CRDs) [32], Gal-3 has formally only
one CRD, but its N-domain is able to form multimers,
presumably pentamers in the presence of a suited carbo-
hydrate “grid” [34]. Due to potentially higher affinity of a
multimeric galectin, it is assumed that Gal-3 will displace
bivalent galectin. Indeed, the fluorescence intensity of
Gal-1 in the absence of Gal-3 proved to be higher (Fig. 6,
upper panel). Gal-1 did not interfere with Gal-3 binding.
As a rule, Gal-1 and Gal-3 are colocalized (Fig. 6, bot-
tom panel); however, in some cases Gal-1 is localized
separately. This is understandable; their specificity to the
glycans is only partly overlapping.

Regardless of the loading regimen, the level of bind-
ing of divalent Gal-1 and Gal-8 (or -8 and -9) in the case
of simultaneous loading remained the same as in the case
of loading only one protein (results not shown).
Colocalization of Gal-8 and Gal-9 was observed (Fig. 7).
Gal-1, loaded on the cells before or after Gal-9, was
located in the glycocalyx together with Gal-9 or separate
from it (Fig. 7). Their localization was observed in the
case of simultaneous loading.

Presentation of galectins is organized in patches, as
shown in Figs. 3-7. Presumably, patching is the result of
cross-linking carbohydrate ligands by galectins, initially sit-
uated far from each other [35]. To verify this, the localiza-
tion of galectins containing only a single CRD was studied.

Localization of Gal-9N. Unlike the full-length pro-
teins, single CRDs are monovalent: so, they cannot cause
cross-linking. We have studied the distribution of the N-
domain of Gal-9 (Gal-9N) in the glycocalyx of Raji and
Jurkat cells. As shown on the histograms of fluorescent
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distribution (Fig. 8) Gal-9N similar to full-size bivalent
protein localized in patches, and the patches varied by
their size.

Localization of galectins as related to rafts. Rafts are
well known as well-structured microdomains of the plas-
ma membrane [36]. The rafts are constituted by gly-
cosphingolipids and glycoproteins [36, 37], some of
which like ganglioside GM1 being capable of binding
galectins [38-42]. The repertoire of these glycoconjugates
in rafts and outside of the rafts is significantly different.
We studied the selectivity of binding of galectins-1, -4,
and -9 to rafts in comparison with neighboring glycocalyx
regions. Cholera toxin B-subunit (CTB), which binds
ganglioside GM1, an obligatory part of rafts [37], has
been used for flagging the rafts. The results of the simul-

Raji

Jurkat

731

taneous detection of rafts and galectins (Gal-1, Gal-4, or
Gal-9) using the appropriate antibodies are shown in Fig.
9. Although sporadic colocalization has been observed, it
is likely to be of a statistical, not causal nature, i.e. there
is no explicit direct or indirect association of galectins
and raft glycoconjugates.

Galectins do not contain an N-terminal signal pep-
tide sequence and are translocated to cytoplasm in a non-
classical way without passage through endoplasmic retic-
ulum and Golgi apparatus [43]. These proteins can be
exported to the surface of the cell in exosomes, formed by
protrusion of the membrane region in the place of accu-
mulation of galectin. At present, the mechanism of the
transfer is unknown. As mentioned above, galectins lack a
special domain for anchoring in the membrane, so their

HT-29
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Fig. 2. Visualization of glycocalyx of native (upper panel) and fixed (lower panel) cells, confocal microscopy, the bar corresponds to 10 pm.
The cells were fixed with a solution of 4% formalin in PBS as described in “Materials and Methods”. To stain glycans, the cells were incu-
bated with DSA-biot and Str-FITC (green color). The graphs show the distribution of fluorescence in the marked white rectangles areas; the
y-axis shows fluorescence intensity; the x-axis — length of the marked area, um.
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Fig. 3. Localization of Gal-1 (a) and Gal-9 (b) loaded on Raji cells, confocal microscopy, the bar corresponds to 6 um. Raji cells loaded with
Gal-1 or Gal-9 (0.04 mg/ml) were incubated with the corresponding antibodies and anti-IgG-Alexa Fluor®594 (red); nuclei are stained with
DAPI (blue). In each case, three typical images are shown. The graphs (below) show the fluorescence distribution in the marked areas (white
rectangles); the y-axis is fluorescence intensity; the x-axis is the size of the stained area, um.

Raji - Gal-1 Raji - Gal-9

0.04 mg/ml

0.4 mg/ml

Jurkat — Gal-9

Fig. 4. Localization of Gal-1 and Gal-9 within glycocalyx of Raji (upper panel), HT-29 and Jurkat cells (lower panel), confocal microscopy
(magnification x600), the bar corresponds to 6 pm. Raji cells loaded by Gal-1 or Gal-9 in concentration of 0.4 or 0.04 mg/ml, as well as HT-
29 and Jurkat cells expressing the same galectins endogenously were incubated with corresponding antibodies and IgG-Alexa Fluor®594 (red).
Glycocalyx was detected by DSA (green) as described in “Materials and Methods”, nuclei are stained with DAPI (blue). The areas of galectin
localization are indicated with arrows.
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1 min

5 min

10 min

20 min

Fig. 5. Kinetics of loading of Gal-1 onto Raji cells, confocal microscopy, bar corresponds to 6 pm. Gal-1 (0.04 mg/ml) was incubated with
the cells for 1, 5, 10, or 20 min. After washing, the cells were incubated with corresponding antibodies and IgG-Alexa Fluor®594 (red).
Glycocalyx was stained with DSA (green) as described in “Materials and Methods”; nuclei are stained with DAPI (blue). In each case, three
typical images are shown. The areas of galectin localization are indicated with arrows.
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Fig. 6. Localization of galectins-1 and -3 on Raji cells. Gal-3-biot and non-labeled Gal-1 were loaded on the cells simultaneously (indicated
as “+” on the x-axis) or sequentially, one after the other (indicated as “—” on the x-axis) as described in the table; Gal-1 was detected with
corresponding antibodies and 1gG-Alexa®594 (red), Gal-3-biot — with Str-FITC (green). The bar corresponds to 2 pm. The binding of
galectins to cells analyzed by flow cytometry is shown on the upper panel; fluorescence was calculated as [(F;/F;)-100] — 100, where F; and
F, — fluorescence intensity of galectin-loaded or galectin-free cells after incubation with antibodies to Gal-1 or Str-FITC, correspondingly.
Three typical images are presented in each case.
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Gal-8+Gal-9 Gal-9 »Gal-8 Gal-8—»Gal-9

r

“

Gal-1+Gal-9 Gal-9 —»Gal-1 Gal-1->Gal-9

Fig. 7. Localization of galectins-8 and -9 (upper panel), or -1 and -9 (lower panel) on Raji cells. Galectins were loaded simultaneously or
sequentially (one by one) as described in the table; Gal-1 and Gal-8 were stained with corresponding antibodies and IgG-Alexa®594 (red),
Gal-9-biot — with Str-FITC (green). The bar corresponds to 2 pm. Three typical images are shown.
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Fig. 8. Localization of Gal-9N into glycocalyx of Raji and Jurkat cells, confocal microscopy (magnification x600). The bar corresponds to
6 um. Gal-9N (0.04 mg/ml) was loaded onto the cells followed by incubation with corresponding antibodies and IgG-Alexa®594 (red); nuclei
are stained in blue. The graphs show the distribution of fluorescence in the marked white rectangles areas; the y-axis shows fluorescence inten-
sity; the x-axis shows the size of the marked area, um. Four typical images are presented in each case.
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Fig. 9. Revealing of Gal-1 (a), or Gal-4 (b), or Gal-9 (c) and rafts on Raji cells by confocal microscopy. The bar corresponds to 6 pm. Rafts
were visualized with CTB-FITC (green), galectins were detected with the corresponding antibodies and IgG-Alexa®594 (red), and nuclei are

stained in blue. Three typical images are presented in each case.

retention on the cell surface is due to the binding to gly-
cocalyx. In this work, we studied the localization in the
glycocalyx of galectins, both endogenous and loaded arti-
ficially.

To function as a mediator of cell—cell adhesion, i.e.
to bind to glycans of adjacent cells, it is logical to assume
that a galectin should be localized in the upper layer of the
glycocalyx. On the contrary, considering the pathway of
galectins from the cytosol through the glycocalyx (packed
with galectin ligands), one can expect their presence in
the lower layer of the glycocalyx. In fact, these assump-
tions have not been confirmed: both endogenous and arti-
ficially loaded galectins are detected in the depth of the
glycocalyx. In the case of exogenous loading, reaching the
depth proceeds rapidly, within a few minutes. According
to a study carried out by electron microscopy, glycocalyx
is a quasi-ordered 3D-structure having distances up to
100 nm between glycans organized in clusters [44, 45].
For a galectin, a rather small-sized protein (10-12 nm), it
will likely not be difficult to penetrate this “net”. An
answer as to why galectin is present deep in the glycoca-
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lyx can be obtained by the determination of the 3D gly-
come of the glycocalyx, i.e. when spatial mapping of lig-
ands of the galectins is carried out.

In summary, galectins accumulate in patches, the
reason being irregular distribution of glycans in glycoca-
lyx. Bivalent galectins do not strictly compete with each
other for binding to glycans in glycocalyx, typically they
are localized together. Accumulation of galectins in rafts
was not observed even in the case of Gal-4, for which the
possibility of binding not only to glycolipids but also to
cholesterol was demonstrated [39].
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