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Crystallization and preliminary X-ray diffraction

analysis of mouse galectin-4 N-terminal carbohy-
drate recognition domain in complex with lactose

Galectin-4 is thought to play a role in the process of tumour conversion of cells
of the alimentary tract and the breast tissue; however, its exact function remains
unknown. With the aim of elucidating the structural basis of mouse galectin-4
(mGal-4) binding specificity, we have undertaken X-ray analysis of the N-
terminal domain, CRD1, of mGal-4 in complex with lactose (the basic building
block of known galectin-4 carbohydrate ligands). Crystals of CRD1 in complex
with lactose were obtained using vapour-diffusion techniques. The crystals
belong to tetragonal space group P42,2 with unit-cell parameters a = 91.1,
b =91.16, ¢ = 57.10 A and preliminary X-ray diffraction data were collected to
32 A resolution. An optimized crystallization procedure and cryocooling
protocol allowed us to extend resolution to 2.1 A. Structure refinement is
currently under way; the initial electron-density maps clearly show non-protein
electron density in the vicinity of the carbohydrate binding site, indicating the
presence of one lactose molecule. The structure will help to improve
understanding of the binding specificity and function of the potential colon
cancer marker galectin-4.

1. Introduction

Galectins, a family of evolutionarily conserved S-galactoside binding
proteins (Barondes et al, 1994), can bind various galactose-
containing oligosaccharides and thus play a role in important
processes such as mitosis, apoptosis and cell-cycle progression
(Cooper, 2002). Although galectins do not have any protein secretion
signal sequence, they are localized not only in intracellular
compartments, but also on the cell surface (Ackerman et al., 2002).
The mechanism of their extracellular targeting is not known (Hughes,
2001). The conserved galectin family is defined by the presence of a
homologous carbohydrate recognition domain (CRD) with pM-nM
affinity for various f-galactosides (Barondes et al., 1994; Kilpatrick,
2002; Stowell et al., 2008). These features are common to all 14
members of the galectin family. Based on the domain composition,
the galectin family can be divided into three subfamilies: (1) chimera
type (galectin-3), (2) monomer type (galectins-1, 2, 5,7, 10, 11, 13, 14)
(Lovell et al., 2003), and (3) tandem-repeat subfamily (galectins-4, 6,
8,9, 12) (Wang e al., 2004).

Galectin-4 is composed of two distinct but homologous domains,
CRD1 and CRD2. These domains share 40% identity and are
connected by a proline- and glycine-rich peptide linker (Huflejt et al.,
1997), which is highly sensitive to tissue proteases. In fact, galectin-4
was first discovered as a 17 kDa protein in rat intestinal extract (Oda
et al., 1993); it was only after gene cloning that Oda et al. found that
this protein was a proteolytic fragment of a larger 36 kDa protein.

Several studies have confirmed the expression of galectin-4 on the
surface of the epithelium lining of the whole alimentary tract
(Danielsen & van Deurs, 1997). The lipid raft microdomains of
intestinal epithelial cells contain galectin-4 as an organizer and
stabilizer of the brush border membrane, preventing loss of digestive
enzymes and protecting the glycolipid microdomains (Danielsen &
Hansen, 2006; Wrackmeyer et al., 2006). Galectin-4 was also detected
in the lung, breast, liver and placenta by the highly sensitive technige
of RT-PCR (reverse-transcription polymerase-chain reaction) (Nagy
et al., 2003). Ideo et al. (Ideo et al., 2002, 2005) recently demonstrated
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that galectin-4 binds to O-linked sulfoglycans and to sulfated glyco-
sphingolipids, and to carcinoembryonic antigen present on the cell
surface of human colon adenomacarcinoma cells. Galectin-4 may thus
be a valuable diagnostic marker and target for the development of
inhibitory carbohydrate-based drugs (Huflejt & Leffler, 2004).

The presence of two CRD non-identical core domains separated by
a link region suggests the possible role of tandem-repeat galectin
members in a crosslinking function (Brewer, 2002). It is believed that
mGal-4 could crosslink two distinct types of ligands, rather than
identical molecules. Therefore, binding specificity for each domain
was recently studied in rat and human galectin-4 (Sorme et al., 2003;
Holikova et al., 2002; Cao et al., 2002). The function of galectin-4 still
remains unclear, however.

Several crystal structures of human galectins have already been
solved and deposited in the PDB, e.g. Leonidas et al. (1998) who
reported the high-resolution crystal structure of human galectin-7
(hGal-7), in free form and in the presence of galactose, galactos-
amine, lactose and N-acetyl-lactosamine.

In this work we report the crystallization of the N-terminal
carbohydrate recognition domain of mouse galectin-4 (mGal-4) in
complex with lactose. An optimized crystallization procedure yielded
crystals suitable for X-ray analysis, and high-quality diffraction data
will be used to determine the structure of the complex and elucidate
the structural basis of the carbohydrate binding specificity of mGal-4.

(b)

Figure 1

Crystals of galectin-4 CRD1 domain in complex with lactose. (@) Initial crystals
obtained using the vapour-diffusion hanging-drop technique using reservoir
solution 0.1 M sodium cacodylate buffer pH 5.0, 15%(w/v) PEG 4000, 0.2 M
(NH,4),SO4, 5mM p-mercaptoethanol, 80 mM lactose. (b) Optimized crystals
grown using the same reservoir solution listed above, supplemented with 18% (v/v)
glycerol combined with introducing crystal nuclei by microseeding.

2. Materials and methods
2.1. Molecular cloning, protein expression and purification

The plasmid used for protein expression contained sequence
coding for amino acids 2-142 of mouse galectin-4 N-terminal
carbohydrate recognition domain (the GenBank accession number of
the complete mGal-4 sequence is AY044870). This sequence was
preceded by a segment coding for the MRGSHHHHHHTDP affinity
tag present in the pQE-31 expression vector (QIAGENE). A detailed
description of the molecular cloning and construction of the bacterial
expression vector for the N-terminal CRD1 domain of mGal-4 has
been published previously (Markova et al., 2006).

For expression, the Escherichia coli M15 cells containing the
expression plasmid were cultivated in LB media at 310 K until the
culture reached Assonm = 1. The temperature was then lowered to
303 K, protein expression was induced with 1 mM IPTG (isopropyl-
B-D-1-thiogalactosylpyranoside) (at Assonm = 1.2) and the culture
grown for 4 h.

Bacterial cells were disrupted by sonication in PBS (phosphate
buffered saline) buffer (10 mM sodium phosphate buffer pH 7.4,
140 mM NaCl, 5mM EDTA, 5mM S-mercaptoethanol) supple-
mented with 50 pM PMSF (phenylmethanesulfonyl fluoride). Cell
supernatant was applied on a lactosyl-agarose (Sigma Aldrich)
column at 277 K. The column was washed with 40 column volumes of
PBS buffer and the bound CRD1 domain was then eluted by PBS
buffer supplemented with 200 mM lactose. The flow rate was main-
tained at 0.1 ml min~" during all steps. Final purification was achieved
by gel filtration on Superdex 200 HR (10/30) (Amersham Bio-
sciences) in PBS buffer. Purified protein migrated on SDS-PAGE as
one clear band whose position corresponded well to the calculated
molecular weight of 18.75 kDa. Purified protein in PBS buffer was
stored at 203 K.

2.2. Crystallization

For crystallization, mGal-4 CRD1 domain in PBS buffer was
concentrated to 9.6 mgml~' using ultrafiltration. Crystallization
experiments were performed at 291 K by the hanging-drop vapour-
diffusion method using classical 24-well Linbro boxes with 1 ml
crystallization buffer in reservoir. Crystallization drops consisted of
1 pl of protein solution, 0.2 pl of 0.8 M lactose solution and 1 pl of
reservoir solution. The final molar excess of lactose over protein in
the drop was 300-fold.

2.3. Data collection

The first data set was collected on in-house X-ray equipment
(MAR345 Image Plate Detector, Nonius FR 591 generator) using
Cu KR1 radiation. Crystals were cryocooled in nitrogen gas stream
(Oxford Cryosystems) at 110 K. A total of 93 diffraction images were
collected, each covering 1° of crystal rotation. All data were inte-
grated using MOSFLM (Leslie, 1999) and scaled using SCALA
(Evans, 1993), both from the CCP4 package (Collaborative
Computational Project, Number 4, 1994). A high-resolution data set
was collected at 100 K at beamline 19-ID of the Structural Biology
Center at the Advanced Photon Source, Argonne National Labora-
tory, Argonne, IL, USA. A total of 111 diffraction images were
collected, each covering 1° of crystal rotation. Diffraction data were
processed using the HK L-3000 suite of programs (Minor et al., 2006).
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Table 1

Crystal parameters and data-collection statistics.

Statistics for the highest-resolution shell are in parentheses.

X-ray source

Wavelength (A)
Temperature (K)
Space group

Unit-cell parameters: a, b, ¢ (A)

Resolution limit (A)
Roym™

No. of unique reflections

Completeness
Multiplicity
(Wlo(1)
Wilson B (Az)

Home source

154
110.0

P42,2

91.16, 91.16, 57.10
35.62-3.20 (3.28-3.20)
0.241 (0.695)

4260 (302)

99.5 (100.0)

6.1(62)

92 (2.8)

49.7

19-ID, APS

0.9795

100.0

P42,2

90.84, 90.84, 57.13
35.62-2.10 (2.18-2.10)
0. 071 (0.472)
14,348 (1374)
99.2 (97.5)

7.6 (5.4)

92 (2.4)

205

(I,) is the weighted average intensity for all observations / of reflection h.

3. Results and discussion

The first crystallization trials were performed using Crystal Screens 1
and 2 (Hampton Research). In the hanging-drop experiments, 1 pl of
protein solution was mixed with 0.2 pl of 0.8 M lactose and 1 pl of
reservoir solution, supplemented with 5 mM B-mercaptoethanol.
Initial microcrystals of size approximately 30 x 30 x 5 pum were
obtained in Crystal Screen 1 condition #15 [0.1 M sodium cacodylate
pH 6.5, 15%(w/v) PEG 8000, 0.2 M (NH,),SO,] supplemented with
S mM B-mercaptoethanol. By subsequent optimization, the quality of
crystals was improved by replacing PEG 8000 with PEG 4000 and
changing the pH to 5.0. The optimized crystallization procedure
yielded crystals with maximal dimensions of 0.05 x 0.05 x 0.06 mm
(Fig. 1a).

A complete set of diffraction data at 110 K from crystals soaked in
20% glycerol was collected up to 3.2 A resolution on the in-house
diffractometer (Nonius FR 591 generator using Cu Ko, radiation
with Mar345 Image Plate Detector). Crystal parameters and data-
collection statistics are summarized in Table 1. Our attempts to solve
the phase problem by molecular replacement were successful when
the protein chain from the structure of human galectin-7 (PDB code
2gal) (Leonidas et al, 1998) was used as a search model. The
tetragonal crystal form (space group P42,2) contained one molecule
in the asymmetric unit with a solvent content of 61.2%
(Vm =317 A’Da™).

The quality of the diffraction data obtained at the home source was
limited but obtaining higher-quality diffraction data was, to some
extent, hindered by the extreme sensitivity of the crystals to various
cryoprotectants. To overcome this problem, attempts were made to
introduce suitable cryoprotectant directly into the crystallization
conditions. The addition of 18%(v/v) glycerol into optimized
crystallization condition [0.1 M sodium cacodylate buffer pH 5.0,
15%(w/v) PEG 4000, 0.2 M (NH,4),SO,4, 5 mM B-mercaptoethanol,
0.2 mM lactose] did not prevent crystal growth; however, it slowed
down crystal nucleation and growth quite significantly (by up to 2
months). To accelerate the nucleation event, microseeding (strike
seeding) was further implemented and an optimized crystallization
procedure yielded crystals with dimensions of 0.1 x 0.1 x 0.06 mm
within 2 weeks (Fig. 1b).

Crystals grown in the presence of cryoprotectant could be cryo-
cooled directly in their mother liquor, thus preventing crystal damage
and stress from crystal soaking. These crystals diffracted to minimum
Bragg spacing (dmn) 2.1 A using the high brilliance synchrotron
source (19-ID at APS Argonne, IL). Crystal parameters and data-
collection statistics are summarized in Table 1. These crystals were

isomorphous with the crystals grown previously in the absence of
glycerol.

Structure refinement is currently under way. However, the initial
electron-density maps clearly show non-protein electron density in
the vicinity of the carbohydrate binding site, indicating the presence
of one lactose molecule. The structure will help to improve under-
standing of the binding specificity and function of the colon cancer
marker galectin-4.
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AV(0Z40550506. The authors wish to thank members of the Structural
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