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Abstract The affinity of a lectin from the sponge Geodia
cydonium (GCL-I) for multi-antennary GalLL1C4GlcNAc and
GalLL1C3GalNAc ligands was studied by both the biotin/avidin-
based microtiter plate lectin binding assay and the inhibition of
lectin-glycoform interaction. Among the glycoforms tested for
binding, GCL-I reacted strongly with three multi-antennary
GalLL1C4GlcNAc clusters containing glycoproteins (asialo hu-
man and bovine KK1-acid gps and asialo fetuin), T (GalLL1C3Gal-
NAc) rich glycoprotein from porcine salivary gland, asialo bird
nest gp, and human blood group A active cyst gp, while human
and bovine KK1-acid gps, fetuin, and Tn containing gps were
inactive. Among the haptens tested for inhibition, tri-antennary
GalLL1C4GlcNAc (Tri-II) was about 1500, 72, and 72 times
more active than GalNAc, GalLL1C4GlcNAc (II), and
GalLL1C3GalNAc (T), respectively.
Based on the present and previous results, it is proposed that tri-
antennary GalLL1C4GlcNAc and GalLL1C3GalNAc clusters, in
addition to GalNAcKK1C3GalNAc and GalNAcKK1C3Gal, are
also important ligands for binding; and sialic acid of glycoprotein
does interfere with binding.
z 1998 Federation of European Biochemical Societies.
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1. Introduction

The soluble agglutinins from the marine sponge Geodia cy-
donium (GCL) are involved in the sorting-out of cells during

reaggregation of allogenic cells [1]. In the early nineties, GCL-
I, which is one of the important soluble agglutinins from
sponge G. cydonium [2,3], has been sequenced on the protein
and DNA levels and shown to exhibit striking homology to
the carbohydrate recognition domain characteristic for mam-
malian galectin-1 [2,3]. The lectin molecule binds two moles of
lactose per mole of native lectin in a calcium independent
manner [4]. Recently, it was shown that GCL binds with
high a¤nity for the blood group A trisaccharide and even
more strongly for the Forssman di- and pentasaccharides
[5]. In order to clarify the relationship of the a¤nity of this
lectin for various ligands reported by di¡erent investigators
[2,4,5], the combining site of GCL-I was here further charac-
terized by both lectin-enzyme binding assay and inhibition
pro¢le of lectin-glycoform interaction. The results provide
evidence that multi-antennary GalL1C4GlcNAc and
GalL1C3GalNAc clusters, in addition to GalNAcK1C de-
rivatives at nonreducing ends, also play a major role in bind-
ing GCL-I.

2. Materials and methods

2.1. Lectin
The sponge G. cydonium was collected in the Mediterranean Sea

near Banyuls sur Mer, France. The sponge tissue was minced and
dried at 35³ to 40³C. The dried material was homogenized in a blen-
der and stored at 320³C until use. To prepare saline extracts, 50 g of
sponge tissue were stirred with 1 l of 1 N NaCl for 16 h at 4³C. One
normality (1 N) NaCl solutions were used because the lectin precipi-
tated in 0.9% NaCl during concentration. The extract was centrifuged
at 2000 rpm for 30 min and then for 5 h at 15 000 rpm in the cold.
The dark brown supernatant was passed through a 45-Wm pore size
Millipore ¢lter; 0.02% NaN3 was added to this crude extract as a
preservative.

G. cydonium lectin I was isolated by adsorption to a column of hog
A+H coupled to Sepharose 4B and eluted by 0.2 M lactose [2].

2.2. Glycoproteins and polysaccharide
Fetuin, human and bovine K1-acid glycoprotein, and mannan were

purchased from Sigma Chemical Co. (St. Louis, MO). MSS and
Mcdon cyst human blood group A active gps were prepared from
human ovarian cyst £uid as described previously [6^9]. Porcine and
ovine salivary glycoproteins were puri¢ed according to the method of
Tettamanti and Pigman [10] and its modi¢cation [10^12]. Hamster
submaxillary glycoprotein and its preparation are described by Downs
et al. [13] and Wu et al. [14]. The crude salivary gland mucus glyco-
protein (native BN gp) of the Chinese swiftlet (genus Collocalia) was
extracted at 66³C with distilled H2O for 20 min from commercial bird
nest (BN) [15,16]. For desialylation, a glycoprotein sample in 0.01 N
HCl was hydrolyzed at 80³C for 90 min and dialyzed against distilled
H2O [10,14,17]. Native ASG-Tn, an armadillo salivary glycoprotein
containing only Tn (GalNAcK1CSer/Thr) as carbohydrate side
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chains, was isolated from the 0.01 M PBS pH 6.8 gland extract after
removal of ASG-A, which is one of the sialic acid containing glyco-
proteins in armadillo glands [17^19].

2.3. Sugar inhibitors
Monosaccharides, their derivatives and most oligosaccharides were

purchased from Sigma Chemical Company (St. Louis, MO).
Tri-antennary GalL1C4GlcNAc glycopeptides were prepared from

asialo fetuin by pronase digestion and repeatedly fractionated by Bio-
Gel P-4 400 mesh, column chromatography. Peak II was used for this
assay. The chemical structure of this peak was analyzed by NMR at
the Complex Carbohydrate Research Center, The University of Geor-
gia, Athens, GA, USA on a Bruker AMX500 instrument. The samples
were exchanged twice with D2O, and ¢nally dissolved in 0.5 ml
99.96% D2O. Acetone was added as an internal standard. The proton
one-dimensional spectra were obtained at 25³C at 500.139 MHz. The
signal due to residual HDO at N 4.78 was suppressed with low power
preirradiation at that frequency. Chemical shifts were referenced to
the internal standard, acetone, at N 2.225.

2.4. Lectinochemical assays
The assay was performed according to the procedures described by

Duk et al. [20]. The volume of each reagent applied to the plate was
50 Wl/well, and all incubations, except for coating, were performed at
20³C. The reagents, if not indicated otherwise, were diluted with TBS
containing 0.05% Tween 20 (TBS-T). The TBS bu¡er or 0.15 M NaCl
containing 0.05% Tween 20 was used for washing the plate between
incubations.

For inhibition studies, the serially diluted inhibitor samples were
mixed with an equal volume of lectin solution containing a ¢xed
amount of GCL-I. The control lectin sample was diluted two-fold
with TBS-T. After 30 min at 20³C, the samples were tested by the
binding assay, as described by Duk et al. [20,21]. The inhibitory ac-
tivity was estimated from the inhibition curve and is expressed as the
amount of inhibitor (nmole/well) giving 50% inhibition of the control
lectin binding.

3. Results and discussion

Sponges are a rich source of carbohydrate binding proteins.
Crude extracts of the sponge G. cydonium contain at least two
di¡erent lectins [2,3,5]. Two of them bound to a¤nity chro-
matography resins composed of hog A+H, a glycoprotein
with blood group A and H activities, coupled covalently to
Sepharose 4B. Lectin I could be eluted in a highly puri¢ed

form with 0.2 M lactose; lectin II was removed from the
column by 3 M MgCl2, but the eluate may be contaminated
with lectin I. G. cydonium lectin I has a molecular mass of
about 60 000 daltons of four identical subunits [2,3]. The lec-
tin is mitogenic for human lymphocytes in which the lympho-
cytes are triggered after 24 h incubation with the lectin in the
absence of fetal calf serum.

In an earlier study, it was demonstrated that GCL-I precip-
itates well with GalL1C3/4GlcNAc (I/II) and GalL1C3Gal-
NAcK1C (TK) containing glycoproteins [2,22^24]. Recently,
studies on the cross reactivities of terminal structural carbo-
hydrates revealed that the a¤nity of GCL-I for sugar ligands
is in the decreasing order of GalNAcK1C3GalNAcLsGal-
NAcK1C3(LFucK1C2)GalLEGalL1C3GlcNAcLs
GalL1C4Glc [5]. Thus, the di¡erent binding abilities of this
lectin toward ligands described in previous reports [2,5,22^24]
deserve to be clari¢ed. In this communication, the combining
site of GCL-I was further characterized by both lectin-enzyme
binding assay and inhibition of lectin-glycoform interaction.

The binding pro¢le of GCL-I with various glycans, studied
by a microtiter plate lectin-enzyme binding assay [20,21], is
shown in Fig. 1, and its avidity toward glycoproteins is sum-
marized in Table 1. When 2 ng of biotinylated lectin was
added to concentrations of glycans ranging from 0.081 ng
to 1 Wg, GCL-I reacted strongly with three multi-antennary
GalL1C4GlcNAc clusters containing gps (asialo human K1-
acid gp in Fig. 1a; asialo bovine K1-acid gp in Fig. 1b; and
asialo fetuin in Fig. 1c); TK (GalL1C3GalNAcK1CSer/Thr)
containing gp from porcine salivary gland (Fig. 1d); FK (Gal-
NAcK1C3GalNAcK1CSer/Thr) containing gp (asialo bird
nest gp in Fig. 1e); and two human blood group A active
glycoproteins (Fig. 1f). All reactions reached A405 more than
2.0 within 1 h, indicating that GCL recognizes strongly all of
the following ligands: multivalent GalL1C4GlcNAc (mII);
cluster forms of GalL1C3GalNAc (cTK) ; GalNAcK1C3Gal-
NAc (F); and GalNAcK1C3(LFucK1C2)Gal (Ah). Among
the other glycans tested for binding, all Tn containing gps,
human and bovine K1-acid gps, fetuin, and mannan were in-
active. These results suggest that: (1) GCL-I recognizes e¤-
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Table 1
Comparison of avidity of GCL-I lectin for human blood group A active glycoproteins as well as sialo, asialo glycoproteins and polysaccharidea

Curve in Fig. 1 Glycoprotein (gp) or polysaccharide (ps) Applied lectin determinantsb A405 Avidityc

a human K1-acid gp sialyl mII 0.2 þ
a asialo human K1-acid gp mII 2.1 ++++
b bovine K1-acid gp sialyl mII 0.3 þ
b asialo bovine K1-acid gp mII 2.4 ++++
c fetuin sialyl mII, T 0.2 þ
c asialo fetuin mII, T 2.4 ++++
d porcine salivary gp (PSM) sialyl A, Ah, TK, Tn 2.0 +++
d asialo PSM A, Ah, TK, Tn 3.0 ++++
d asialo HSM Tn 0.2 þ
e bird nest gp (BN) sialyl II, E, TK, FK 1.6 +++
e asialo BN II, E, TK, FK 2.4 ++++
e mannan 0.03 3
f MSS Ah;A 2.7 ++++
f cyst Mcdon 15% EtOH Ah;A 2.7 ++++
f asialo OSM Tn 0.1 3
f native ASG-Tn Tn 0.2 þ
aTwo ng of biotinylated lectin was added to various concentrations of glycoprotein ranging from 0.081 ng to 1 Wg.
bThe following symbols indicate the human blood group activity and/or lectin determinants [22^24]: F, GalNAcK1C3GalNAc; A, Gal-
NAcK1C3Gal; Ah, GalNAcK1C3[LFucK1C2]Gal; E, GalK1C4Gal; T, GalL1C3GalNAc; Tn, GalNAcK1CSer/Thr; I/II, GalL1C3/
4GlcNAc; mII, multivalent II.
cThe results were interpreted according to the spectrophotometric absorbance value at 405 nm (A405) after 1 h incubation as follows: ++++, A405 :
s 2.0; +++, A405 : 2.0^1.5; ++, A405 : 1.5^0.75; +, A405 : 0.75^0.3; þ , A405 : 0.3^0.1; and 3, A405 : 6 0.1.
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ciently GalNAcK1C linkages at nonreducing ends (Ah and
FK) but not Tn containing gps tested; (2) clusters of
GalL1C3GalNAc (cTK) and multivalent GalL1C4GlcNAc
(mII) are also potent ligands; (3) sialic acid does interfere
with binding (masking e¡ect on the binding).

In order to prove that the lectin-glycan interaction occurs
through the above structural units (lectin determinants) [22^
24], eleven sugar inhibitors, including six lectin determinants
were used to inhibit the lectin-asialo bird nest gp interaction.
As shown in Fig. 2 and Table 2, tri-antennary GalL1C4Glc-

NAc (Tri-II) was the best inhibitory structural feature (curve
1 in Fig. 2). It was 1500 and 72 times more active than Gal-
NAc (curve 8 in Fig. 2) and GalL1C4GlcNAc (curve 3 in
Fig. 2), respectively, while GalL1C4GlcNAc and
GalL1C3GalNAc (curves 3 and 4), which were equally po-
tent, were about 20 times stronger than Gal or GalNAc.

It has recently been reported that GalL1C3GlcNAc (I) and
GalL1C4GlcNAc (II) are low a¤nity inhibitors as compared
with F or Ah [5]. However, it was demonstrated that GCL-I
precipitated strongly with Smith degraded or mild acid treated
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Table 2
Amount of various saccharides giving 50% inhibition of binding of GCL-I (2 ng/50 Wl) by asialo bird nest gp (10 ng/50 Wl)a

Order of activity Inhibitor Quantity giving 50% inhibition (nanomoles) Reciprocal of relative potencyb

1 Tri-II 1.5 1.5U103

2 GalL1C4Glc (L) 53 41.5
3 GalL1C4GlcNAc (II) 105 20.9
4 GalL1C3GalNAc (T) 110 20.0
5 GalL1C3GlcNAc (I) 300 7.3
6 melibiose 1300 1.7
7 Gal 2200 1.0
8 GalNAc 2200 1.0

GalK1C4Gal (E) s 243.3 (2.1% inhibition)
GlcNAc s 376.7 (310.0% inhibition)
Glc s 2333.3 (8.0% inhibition)

aThe inhibitory activity was estimated from the inhibition curve in Fig. 2 and is expressed as the amount of inhibitor giving 50% inhibition. Total
volume 50 Wl.
bReciprocal of relative potency of sugars when GalNAc was taken as 1.0 [25].

Fig. 1. Binding of GCL-I to microtiter plates coated with serially diluted glycoproteins and polysaccharide. The lectin was used at a constant
amount of 2 ng per well. Total volume 50 Wl. Read at 1 h.
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cyst glycoproteins which contain no A and Ah, but a large
number of branched or clustered forms of GalL1C3GlcNAc
(I), GalL1C4GlcNAc (II) and GalL1C3GalNAcK1CSer/
Thr (TK) [4,22] indicating that the a¤nity of GCL-I for spe-
ci¢c glycoforms can be enhanced by ligands occurring in a
clustered or multivalent form. From our previous studies
[4,22] and the present data, it is concluded that tri-antennary
GalL1C4GlcNAc and GalL1C3GalNAc clusters, in addition
to GalNAcK1C3GalNAc and GalNAcK1C3Gal, can be im-
portant ligands for binding.
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