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Galectins are a family of lectins characterized by their carbohydrate recognition domains containing eight
conserved amino acid residues, which allows the binding of galectin to p-galactoside sugars such as
Galp1-4GlcNAc. Since galectin-glycan interactions occur extracellularly, recombinant galectins are often
used for the functional analysis of these interactions. Although it is relatively easy to purify galectins via
affinity to Galp1-4GIlcNAc using affinity adsorbents such as asialofetuin-Sepharose, it could be difficult to
do so with mutated galectins, which may have reduced affinity towards their endogenous ligands.
However, this is not the case with Caenorhabditis elegans galectin LEC-6; binding to its endogenous recog-
nition unit Galp1-4Fuc, a unique disaccharide found only in invertebrates, is not necessarily affected by
point mutations of the eight well-conserved amino acids. In this study, we constructed mutants of mouse
galectin-1 carrying substitutions of each of the eight conserved amino acid residues (H44F, N46D, R48H,
V59A, N61D, W68F, E71Q, and R73H) and examined their affinity for Galp1-4GlcNAc and GalB1-4Fuc.
These mutants, except W68F, had very low affinity for asialofetuin-Sepharose; however, most of them
(with the exception of H44F and R48H) could be purified using Galp1-4Fuc-Sepharose. The affinity of
the purified mutant galectins for glycans containing Galp1-4Fuc or Galp1-4GIcNAc moieties was
quantitatively examined by frontal affinity chromatography, and the results indicated that the mutants
retained the affinity only for Galp1-4Fuc. Given that other mammalian galectins are known to bind
GalB1-4Fuc, our data suggest that immobilized GalB1-4Fuc ligands could be generally used for easy
one-step affinity purification of mutant galectins.
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Introduction

Galectins are a family of animal lectins that, through their bind-
ing to glycans, play important roles in various biological processes.
Galectins are characterized by the evolutionarily conserved
carbohydrate-recognition domain (CRD)' containing eight well con-
served amino acid residues responsible for galectin binding to gly-
cans with B-galactoside structures such as Galp1-4GlcNAc [1,2].
Since galectin-glycan interactions occur in the extracellular com-
partments, a simple and direct approach to elucidate functional
properties of galectins is to analyze the effect of recombinant
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galectins on cultured cells in vitro [3-6]. In such an approach, galec-
tin mutants that could not bind to their endogenous ligand glycans
could be useful for obtaining definitive results.

The preference of galectins to B-galactosides can be exploited
for one-step purification of recombinant proteins by affinity
chromatography using affinity adsorbents with immobilized-
B-galactoside glycans or glycoconjugates such as lactosyl-
Sepharose and asialofetuin—-Sepharose [7]. However, such adsorbents
could not be used for the purification of mutant galectins,
which have low or no affinity to endogenous glycans such as
GalB1-4GIcNAc; mutants of each of the aforementioned well con-
served amino acids in the CRD of human galectin-1 have little
affinity for asialofetuin-Sepharose [8,9]. In such cases, the purifica-
tion of galectin mutants defective in B-galactoside-binding
requires the addition of an epitope tag [10] or the combination of
several types of chromatographic techniques [11]. However, the
introduction of epitope tags could affect protein conformation
and/or functional activity and multi-step chromatographic
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purification can be difficult and time-consuming and in most cases
results in product loss.

Galactosep1-4Fucose (Galp1-4Fuc) is a unique disaccharide
unit found only in N-glycans of invertebrates [12,13]. As evidenced
by species distribution of potential orthologs of GALT-1, the
galactosyltransferase gene responsible for the synthesis of Galp1-
4Fuc in Caenorhabditis elegans, is detected in invertebrates but
not in mammals [14].

GalB1-4Fuc has been identified as an endogenous recognition
unit of C. elegans galectin LEC-6 [15,16]. The eight amino acid resi-
dues important for the recognition of Galp1-4GIcNAc are also con-
served in LEC-6, which is able to bind glycans containing Galp1-
4GIcNAc [17]. X-ray crystallographic analyses have revealed that
almost all of the eight amino acid residues in the CRD of LEC-6
and CGL-2, a fungal galectin that interacts with Galp1-4Fuc-con-
taining N-glycans of C. elegans, are also important for the binding
to Galp1-4Fuc [18,19]. However, as evidenced by site-directed
mutagenesis, each of the eight amino acid residues in LEC-6 had
a relatively small impact on the interaction with Galp1-4Fuc
compared to that with Galp1-4GIcNAc [16]. Furthermore, experi-
ments with immobilized-Galp1-4Fuc have revealed that various
C. elegans galectins have the affinity for Galp1-4Fuc disaccharide
[20], although the eight amino acids are relatively less conserved
in C elegans galectins [21], for example, LEC-9, which has two
substitutions among the 8 amino acid residues, could bind
immobilized-GalB1-4Fuc. These results indicate that immobilized
Galp1-4Fuc adsorbent may be useful for affinity purification of
mutant galectins that cannot bind vertebrate-type glycans.
Therefore, in the present study, we examined the effect of site-
directed mutagenesis of each of the eight amino acid residues in
mouse galectin-1 (mGal-1) on its affinity for Galp1-4GIlcNAc and
Galp1-4Fuc. Our results show that immobilized Galp1-4Fuc could
be applied for the purification of galectins with the mutations in
the conserved eight amino-acid residues.

Materials and methods
Materials

Galp1-4Fuc-Man-ol-PA and Galp1-3Fuc-Man-ol-PA, sugars
labeled with pyridylamine (PA) via a spacer derived from mannitol,
were synthesized as described previously [22]. NA2-PA (PA-sugar
chain 001; Galp1-4GIcNAcB1-2Mana1-3 (Galp1-4GlcNAcB1-
2Mano1-6) Manp1-4GlcNAcB1-4GIcAc-PA), NA3-PA (PA-sugar
chain 002; Galp1-4GIcNAcB1-2 (Galp1-4GIcNAcB1-4) Mana1-3
(Galp1-4GIcNAcp1-2Mana1-6) Manp1-4GIcNAcB1-4GIcNAc-PA),
NA4-PA (PA-sugar chain 004; GalB1-4GIcNAcB1-2 (GalBl-
4GIcNAcB1-4) Mana1-3 (Galp1-4GIcNAcB1-2 (Galp1-4GIcNAcB1-
6) Mano1-6) ManB1-4GIcNAcB1-4GIcNAc-PA), LNnT-PA (PA-sugar
chain 041; Galp1-4GIcNAcB1-3Galp1-4Glc-PA), and rhamnose-
PA were purchased from Takara Bio (Shiga, Japan).

Plasmid construction

In this study, we used mGal-1 carrying C2S substitution, which
is thought to inhibit oxidation-dependent inactivation of its
carbohydrate affinity without affecting carbohydrate-binding
specificity [8]. Site-directed mutagenesis of mGal-1 was performed
by PCR using the pET-mGal-1 C2S plasmid [23] and the following

primers (substitutions are underlined): H44F, 5-TTCTTCAATC-
CTCGCTTCAATG-3 and 5'-TAGGCACAGGTTGTTGCTG-3’; N46D,

5'-GATCCTCGCTTCAATGCCC-3' and 5'-GAAGTGTAGGCACAGGTTG-
TTGC-3'; R48H, 5'-CACTTCAATGCCCATGGAG-3' and 5'-AGGATTG-
AAGTGTAGGCACAG-3’; V59A, 5-GCGTGTAACACCAAGGAAG-3’

and 5'-AATGGTGTTGGCGTCTCC-3’; N61D, 5-GACACCAAGGA-
AGATGGGAC-3’ and 5'-ACACACAATGGTGTTGGC-3’; WG6SF,

5'-TTTGGAACCGAACACCGGGAAC-3' and 5-GGTCCCATCTTCCT-

mGal-1  li---———————m———mmm oo ACGLVASNLN-LKPGECLKVRGEVASDAKSFVLNLGKDSNN 40
hGal-1  li---———————————mmmoo ACGLVASNLN-LKPGECLRVRGEVAPDAKSFVLNLGKDSNN 40
LEC-6 1:MIGGGIGISFCNEFFNPQTPVNI---PVQGFSNGARLRLVLLPTSADSRFHINLRTPD-D 56
* * * * K
o e o L] e o e
mGal-1 41:LCLHFNPRFNAHGDANTIVCNTKEDGTWGTEHREPAFPFQPGSITEVCITFDOADLTIKL 100
hGal-1 41:LCLHFNPRFNAHGDANTIVCNSKDGGAWGTEQREAVFPFQPGSVAEVCITFDOANLTVKL 100
LEC-6 57 : IVLHFNARFDEG---AV-VNNSTSGGGWQSEDRHAN-PFOONKIYTLEFVSNGGIISIFV 111
*hkkKk Kk x * K *x % * ok * kK
mGal-1 101:PDGHEFK-FPNRLNMEAINYMAADGDFKIKCVAFE - 134
hGal-1 101:PDGYEFK-FPNRLNLEAINYMAADGDFKIKCVAFD- 134
LEC-6 112:NGA-HFADFVERTPSHGVHLIEIEGGVHVHSAHVSH 146
* *

Val59

Fig. 1. Multiple sequence alignment of mouse and human galectin-1 and C. elegans galectin LEC-6, and a model of interaction between Galp1-4Glc and galectin-1. (A) Amino
acid sequence alignment of mouse galectin-1 (mGal-1; NP_032521.1), human galectin-1 (hGal-1; NP_002296.1), and LEC-6 (NP_497215.1). The initiating methionine is not
indicated in mGal-1 and hGal-1, because it is removed during processing to mature hGal-1 [30]. The eight amino acids (H, N, R, V, N, W, E, and R) conserved among the
galectin family proteins are denoted by closed circles; other conserved amino acids are denoted by asterisks. (B) A model of interaction between Galf1-4Glc and the binding
site of mGal-1 based on the crystal structure of human galectin-2 in complex with Galp1-4Glc [31]. Hydrogen bonds are denoted by broken lines; van der Waals interactions

are denoted by gray circles.
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