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Crystallization and preliminary crystallographic
study of an invertebrate C-type lectin, CEL-I, from
the marine invertebrate Cucumaria echinata

CEL-I is a GalNAc-specific carbohydrate-binding protein (lectin)
isolated from the sea cucumber Cucumaria echinata. This protein
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belongs to the widely distributed C-type lectin family of animal
lectins, which require Ca?* for their carbohydrate-binding ability and
play important roles in various molecular-recognition processes in
organisms. CEL-I was crystallized with 2-methyl-2,4-pentanediol
using the hanging-drop vapour-diffusion technique. The CEL-I
crystals belong to the monoclinic space group C2, with unit-cell
parameters a = 92.38 (3), b=69.94 (3), c=76.69 (3) A, B=136.46 2)°.
Diffraction data were collected to 2.0 A resolution using synchrotron
radiation. The asymmetric unit contains one CEL-I molecule.

1. Introduction

Lectins are a group of carbohydrate-binding
proteins originally isolated from plant seeds.
They recognize various types of carbohydrate
chains on the cell surface and exhibit cell-
agglutinating activity through cross-linking the
carbohydrate chains. In addition to agglutin-
ation, lectins induce several cellular events,
such as proliferation and apoptosis, by stimu-
lating the intracellular signal transduction
pathway. Various lectins have also been found
in animal tissues and body fluids over the past
1020y (Gabius, 1997). Of these, the C-type
lectins are so named because of their
Ca”*-dependent carbohydrate-binding proper-
ties (Drickamer, 1988). C-type lectins consti-
tute one of the major animal lectin families and
they have been shown to play important roles
in molecular-recognition processes. The C-type
lectins in vertebrates fall into seven categories
(Day, 1994) and in many cases have multi-
domain structures which include C-type
carbohydrate-recognition domains (CRDs).
They function via the binding of CRDs
to specific carbohydrate chains on other
molecules or the cell surface. In contrast,
invertebrate C-type lectins mostly occur as
single-domain proteins consisting almost solely
of CRDs. Studies have revealed that they play
important roles in the host-defence system.
Binding to the surface carbohydrates on the
invading microorganisms leads to their agglu-
tination and the activation of phagocytes such
as macrophages (opsonization). Although C-
type CRDs show relatively low homology,
tertiary structures indicate that their basic
folds are common. In the marine invertebrate

C. echinata (Holothuroidea), there are four
Ca®*-dependent  galactose/N-acetylgalactos-
amine (GalNAc) specific lectins (CEL-I, II, IIT
and IV; Hatakeyama et al., 1994). Of these
lectins, CEL-1V (Hatakeyama, Ohuchi et al.,
1995) and CEL-I (unpublished results) have
already been found to belong to the C-type
lectin family from their amino-acid sequences,
while CEL-III is not a C-type lectin but a novel
haemolytic lectin possessing partial homology
to the toxic plant lectins ricin and abrin
(Nakano et al., 1999). Since a tunicate (Poly-
androcarpa misakiensis) lectin is the only
invertebrate C-type lectin whose tertiary
structure has been determined so far, the
X-ray crystallographic study of C. echinata
lectins should deepen our understanding of
the carbohydrate-recognition mechanism of
invertebrate C-type lectins. CEL-I is especially
interesting as this lectin exhibits a much higher
specificity for N-acetylgalactosamine than the
other lectins. CEL-I is composed of two iden-
tical subunits with a molecular mass of 16 kDa
which are linked by a single disulfide bond.
Here, we describe the crystallization and
preliminary X-ray diffraction study of CEL-I.

2. Purification of CEL-I

CEL-I was purified from C. echinata, which
was collected in the sea of Genkai (Fukuoka,
Japan). The proteins extracted from the
homogenate of C. echinata were applied to a
lactosyl-Cellulofine column (Teichberg et al.,
1988) equilibrated with 0.15 M NaCl, 10 mM
Tris-HCl pH 7.5 (TBS) containing 10 mM
CaCl,. Adsorbed lectins (CEL-I, CEL-IIT and
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CEL-1V) were eluted with TBS containing
20 mM EDTA. The lectins were then sepa-
rated by a GalNAc-Cellulofine column,
utilizing their difference in carbohydrate-
binding specificity (Hatakeyama, Nagatomo
et al., 1995). After the elution of CEL-III
with TBS containing 0.1 M lactose, CEL-I
and CEL-IV were eluted with TBS
containing 20 mM EDTA. CEL-I and CEL-
IV were finally separated by gel filtration on
Sephadex G-75 in TBS.

3. Crystallization of CEL-I

Crystallization of CEL-I was carried out
using the hanging-drop vapour-diffusion
method. The initial screening for crystal-
lization used screening kits (Crystal Screens
1 and 2, Hampton Research). 2 pl of protein
solution (5mgml~") with TBS containing
10 mM CaCl, was mixed with an equal
volume of reservoir solution and was
allowed to equilibrate against 0.5 ml of
reservoir solution at 293 K. Rod-shaped
microcrystals were obtained using a reser-
voir solution with pH 8.5 containing
50%(v/v) 2-methyl-2,4-pentanediol (MPD)
and 02 M ammonium phosphate. The
condition was further optimized with
50-70%(v/v) MPD, 0.1 M Tris—-HCI pH 8.0.
Clusters of small thin plate-like crystals were
first obtained after a week using 65% MPD.
Crystal size and quality were further
improved with a combination of micro-
seeding and macroseeding techniques (Stura
& Wilson, 1992). As a result, single crystals
with maximum dimensions of 0.5 x 0.2 x
0.07 mm were obtained in sitting drops in
2-3 weeks using 56%(v/v) MPD, 10 mM
CaCl,, 0.1 M Tris—HCI pH 8.0 (Fig. 1).

4. Data collection and processing

Crystals of CEL-I were mounted in a nylon
CryoLoop (Hampton Research) and placed
directly into a nitrogen stream at 100 K.
Data collection from the CEL-I crystals was
performed on beamline BLISB of the
Photon Factory at the High Energy Accel-
eration Research Organization, Tsukuba,
Japan using an ADSC Quantum 4R CCD
camera (Watanabe et al., 1995). Image data
were processed with the programs DPS
(Rossmann & van Beek, 1999) and SCALA
(Collaborative ~ Computational  Project,
Number 4, 1994). Diffraction data statistics
are summarized in Table 1. The space group
was determined to be monoclinic C2, with
unit-cell parameters (standard deviations in
parentheses) a = 92.38 (3), b = 69.94 (3),

Figure 1

Crystals of CEL-I grown in the presence of CaCl,.
Single crystals were obtained by microseeding and
macroseeding techniques in sitting drops. The bar
represents 0.5 mm.

¢ =76.69 (3) A, B = 13646 (2)°. Assuming
one molecule of CEL-I, which contains two
identical subunits, in the asymmetric unit,
the value of the Matthews constant Vi
(Matthews, 1968) is 2.64 A’Da™', corre-
sponding to a solvent content of 53%, both
of which are within the normal values for
protein crystals. The reduction of a total of
72 844 reflections from CEL-I crystals
yielded 20 936 independent reflections with
a completeness of 92.3% in the resolution
range 40-2.0 A and an overall Rpnerge Of
6.1%. The completeness and Rmcrgce for the
highest resolution shell (2.11-2.0 A) were
82.2 and 20.1%, respectively.
Molecular-replacement calculations using
the CEL-I crystal data were performed with
the program AMoRe (Navaza, 1994). The
search model of the subunit of CEL-I was
the human lithostathine structure (PDB
code 1lit; Bertrand et al, 1996). Two clear
peaks were found with a correlation coeffi-
cient (CC) of 0.242 and an R factor of 51.7%
(10-4.5 A) after translation-function calcu-
lations. From the calculation of the self-
rotation function, these two solutions were
related by the non-crystallographic twofold
axis (Patterson CC of 0.252). The R factor
was reduced to 48.6% and the CC increased
to 0.392 (8-3 A) with rigid-body refinement.
Structure refinement is currently in progress.
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Table 1

Diffraction data statistics.

Values in square brackets refer to the highest resolution
shell (2.11-2.0 A).

X-ray source Photon Factory

BL-18B
Detector ADSC Quantum
4R CCD
X-ray wavelength (A) 1.00
Temperature (K) 100
Space group 2
Unit-cell parametersf
a(A) 92.38 (3)
b (A) 69.94 (3)
c(A) 76.69 (3)
B () 136.46 (2)
Resolution limit (A) 2.0

Total reflections
Unique reflections
Unique reflections [I/o(1) > 3]

72844 [5801]
20936 [2673]
19992 [2144]

Ruerget (%) 6.1 [20.1]
Completeness (%) 92.3 [82.2]
Completeness [I/o(I) > 3] (%) 88.1 [65.8]
Multiplicity 351022]

Ilo(I) 10.5 [2.5]

+ Standard  deviations in  parentheses. I Rmerge =

o i U (hkl); — (I(hkD)| /", I(hkD), where I(hkl); is the
ith measurement of the intensity of reflection hk/ and (I(hkl))
is the mean intensity of reflection Akl

(#12740305 to GK) from Japan Society for
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