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Crystallization and preliminary X-ray analysis of
lectin C from the roots of pokeweed (Phytolacca

americana)

Lectin C from the roots of pokeweed (Phytolacca americana) (PL-C;
13 747 Da, 126 amino-acid residues), which consists of three chitin-
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binding domains, was initially crystallized in two crystal forms. One
form, obtained in the presence of 30% (w/v) PEG 4000, belongs to the
tetragonal system. The other, obtained in the presence of 2.0 M
ammonium sulfate, belongs to the rhombohedral system. Statistical
analyses of the X-ray diffraction intensities showed that both crystals
were twinned. Single crystals suitable for a diffraction experiment
were obtained by the addition of 0.5%(v/v) dioxane to the latter
precipitant solution. They belong to space group R3, with unit-cell
parameters a = b = 104.1, ¢ = 69.7 A, and diffract X-rays to 1.8 A
resolution. A heavy-atom derivative crystal has been obtained and
structure determination is presently ongoing using the SIRAS

method.

1. Introduction

Lectins are carbohydrate-binding proteins that
cause cell agglutination and are widely
distributed in nature. Binding of lectins to
glycoconjugates on cell surfaces has been
shown to be involved in a variety of biological
processes (Brandley & Schnaar, 1986; Hadden,
1988; Sairam, 1989; Kooijman et al, 1989;
Perillo et al, 1995). The most remarkable
functional feature of lectins is to induce the
proliferation and maturation of resting
lymphocytes, which is termed mitogenic
stimulation and is key to the immune response
to the antigen.

Pokeweed lectin is known to be a mitogenic
lectin that exceptionally activates both Tand B
cells, in contrast to almost all other mitogenic
lectins which only stimulate T cells (Borre-
baeck & Carlsson, 1989; Di Sabato et al., 1987).
The roots of pokeweed contain five lectins
(PLs), designated PL-A, PL-B, PL-C, PL-D1
and PL-D2. Amino-acid sequence analyses
have shown that PLs are composed of several
chitin-binding domains comprising about 40
residues, which are homologous to one another
in sequence and have conserved positions of
four disulfide bridges and three putative
aromatic residues for carbohydrate binding
(Yamaguchi et al., 1995, 1996, 1997). PL-A
(22 kDa) is an N-terminal half-fragment of
PL-B. PL-B (35 kDa) and PL-C (13 kDa) are
novel lectins consisting of seven and three
chitin-binding domains, respectively, in
contrast to almost all other lectins which

contain even numbers of chitin-binding
domains (usually two or four). PL-D1 (9 kDa)
comprises two chitin-binding domains. PL-D2
(9 kDa) is exactly the same as PL-D1 in amino-
acid sequence except for the lack of two
C-terminal residues, Leu and Thr. Thus, PLs
are characterized by two, three or seven
chitin-binding domains. This characteristic
suggests that PLs have evolved by a different
mechanism from ‘the subsequent duplication
mechanism’ proposed for Urtica dioica agglu-
tinin and wheat germ agglutinin (Wright ez al.,
1991; Yamaguchi et al., 1997). In the subse-
quent duplication mechanism, a single-domain
protein, the ancestor of a multicomponent
protein, first evolves into a two-domain inter-
mediate, which subsequently evolves into a
four-domain protein. Of the five pokeweed
lectins, PL-B is the glycoprotein with the most
potent haemagglutination and mitogenic
activities. PL-C has mitogenic activity but does
not have haemagglutination activity. PL-D2
has both haemagglutination and mitogenic
activities, while PL-D1 has haemagglutination
activity but does not have mitogenic activity. In
this way, the PLs have acquired various
physiological properties, such as haemaggluti-
nation, mitogenicity and carbohydrate-binding
specificity, by changing the number of domains
in the polypeptide chain in the evolutionary
process.

In order to understand the relationships
between the domain-repeat structures and
their physiological properties, we have carried
out a series of crystal structure determinations
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of PLs. Here, we report the characterization
of the crystals of PL-C, which is a novel
chitin-binding protein consisting of three
repeat domains.

2. Materials and methods
2.1. Crystallization

PL-C was purified to homogeneity and
lyophilized as described previously (Kino et
al., 1995). The lyophilized protein was
dissolved in 100 mM Tris—HCI buffer pH 7.5
to a final concentration of 10 mgml™".
Crystallization was performed using the
hanging-drop vapour-diffusion method at
298 K. Droplets were prepared by mixing
1 pl of protein solution and 1 pl of precipi-
tant solution. Two crystal forms were
obtained by equilibrating drops of the
protein solution against 500 pl reservoir
solutions containing different precipitants.
Crystals belonging to the tetragonal system
(Fig. 1a), with dimensions of 0.2 x 0.2 X
0.2 mm, were grown in 5 d in 100 mM Tris—
HCI buffer pH 8.5 containing 30%(w/v)
PEG 4000 and 200 mM magnesium chloride.
Crystals belonging to the rhombohedral

()

Figure 1

Crystals of PL-C. (a) Tetragonal twinned crystal with
approximate dimensions of 0.2 x 0.2 x 0.2 mm and
(b) rhombohedral single crystal with approximate
dimensions of 0.3 x 0.3 x 1.0 mm.

system, with dimensions of 0.2 x 0.2 X
0.2 mm, were grown in one week in 100 mM
sodium acetate pH 4.6 containing 2.0 M
ammonium sulfate. These two crystal forms
were twinned, as described later.

Attempts to further search for crystal-
lization conditions were made in order to
circumvent the twinning problem entirely.
Single crystals suitable for X-ray diffraction
were obtained by the addition of 0.5% (v/v)
dioxane to the crystallization solution for
the rhombohedral crystal (Fig. 1b). Large
single crystals, with dimensions of 0.3 x 0.3
x 1.0 mm, were obtained in two weeks by
the repeated microseeding method, in which
a slight amount of the precipitant solution
containing only a few microseeds was added
to 1 pl of the protein solution just prior to
preparing the hanging drop. Typical crystals
diffracted X-rays to 1.8 A resolution.

2.2. X-ray data collection

Diffraction data from the tetragonal and
rhombohedral twinned crystals were
collected on an R-AXIS Ilc imaging-plate
system using Cu Ko radiation from an
RU-300 X-ray generator. For the tetragonal
crystal, the crystal-to-detector distance was
set to 95 mm and each oscillation frame was
taken with a 2.0° oscillation range. For the
rhombohedral crystal, each frame was taken
with a 1.5° oscillation range at a crystal-to-
detector distance of 95 mm. The collected
intensities were processed with DENZO and
scaled with SCALEPACK (Otwinowski &
Minor, 1997). Diffraction data from the
rhombohedral single crystal were collected
using a Quantum-4 CCD detector (ADSC)
at the BL-18B station (A = 1.000 A) of the
Photon Factory (PF), National Laboratory
of High Energy Physics, Tsukuba, Japan.
The crystal-to-detector distance was set to
115 mm and each oscillation frame was
taken with a 1.5° oscillation range for 50 s.
The intensities were integrated with
MOSFLM (Leslie, 1992) and scaled with
SCALA (Evans, 1993) from the CCP4 suite
(Collaborative ~ Computational  Project,
Number 4, 1994). The structure-factor
amplitudes for all data sets were produced
with TRUNCATE (Collaborative Compu-
tational Project, Number 4, 1994).

3. Results and discussion
3.1. Detection of twinning

Details of the data-collection statistics for
the twinned crystals are summarized in
Table 1. The tetragonal crystal belongs to
space group P4, or P4;, with unit-cell para-
meters a = b = 47.9, ¢ = 722 A. The 2.8 A

Table 1
Data-collection statistics for twinned crystals of
PL-C.

Values in parentheses refer to the highest resolution
shell.

Data set Tetragonal Rhombohedral
X-ray source RU-300 RU-300
Wavelength (A) 1.542 1.542
Resolution limit (A) 2.80 2.00
(2.90-2.80)  (2.07-2.00)
No. of observations 32067 146035
No. of unique reflections 3707 18134
Redundancy 8.7 8.1
Completeness (%) 90.6 (69.3) 94.6 (85.0)
Runerget (%) 5.4 (27.6) 12.8 (29.4)
Ilo(I) 11.3 (1.7) 7.9 (2.0)

T Rumerge = 2_; I — (I))|/>_; 1;, where (I)) is the average of I;
over all symmetry equivalents.

resolution data set of 3707 independent
reflections was collected with an Ry Of
5.4% (the completeness was 90.6%). The
presence of one molecule in the asymmetric
unit corresponds to a reasonable Matthews
coefficient (Matthews, 1968) of
301 A’Da™' and a solvent content of
approximately 60%. However, the self-
rotation function in space group P4, or P4;
for this crystal showed the presence of a
twofold axis along [110], which runs along
the diagonal between the a and b axes.
Assuming that the asymmetric unit of the
crystal contains two molecules, the
Matthews coefficient is calculated to be
1.50 A® Da™', which is extremely low. Such a
phenomenon may be observed as a possible
symptom of perfect twinning (Yeates, 1997).
For protein crystals, hemihedral twinning is
the most common. In this twinning, the
crystal consists of two distinct components
which are oriented so that their diffraction
patterns exactly overlap. Consequently, two
twin-related  reflections  independently
contribute to each measured diffraction
intensity and to peaks in the Patterson map.
Thus, the twofold symmetry observed in the
self-rotation function seemed to correspond
to the twin operator. In the case of the
tetragonal symmetry, the reflections of
indices (hkl) and (khl) are related by the
twin operator.

It is possible to detect and characterize
twinning by analyzing the intensity statistics.
A cumulative distribution function N(Z)
gives the fraction of reflections having an
intensity less than or equal to Z, where Z
represents the intensity relative to the mean
intensity (Z = I/{(I)) (Howells et al., 1950).
For a twinned crystal, fewer reflections are
observed with extremely high or low inten-
sity and the distribution curve for acentric
reflections has a sigmoidal shape. The N(Z)
plot for the tetragonal crystal revealed that
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it was twinned (Fig. 2a). Therefore, the twin
fraction () was estimated according to the
Britton plot (Britton, 1972; Fisher & Sweet,
1980). The twin fraction is the fractional
volume of the minor twin component with
respect to the whole crystal and hence
0.0 < o < 0.5. The Britton plot for the
tetragonal crystal showed that the twin
fraction was approximately 0.40 (Fig. 2b).
The rhombohedral crystal belongs to
space group R3, with unit-cell parameters
a=b=1041,c=697 A (in the hexagonal
setting). A 2.0 A resolution data set of
18 134 independent reflections was collected
with an Ry,cree Of 12.8% (the completeness
was 94.6%) (Table 2). The high value of
Rumerge may arise from inherent character-
istics of the present rhombohedral twinned
crystal, because the value is slightly high
even at low resolution, although the signal-
to-noise ratio is reasonable. Assuming the
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Figure 2

Analysis of the intensity statistics for the tetragonal
twinned crystal. (a) A graphical representation of
N(Z) curves against Z for acentric data. The
cumulative distribution function N(Z) gives the
fraction of reflections having an intensity less than
Z (Z = I/{I), where [ is the observed intensity and (/)
is the mean intensity). Atheor, theoretical distribu-
tion for acentric reflections; Acen, observed distribu-
tion for acentric reflections; Ctheor, theoretical
distribution for centric reflections; Cen, observed
distribution for centric reflections. The figure was
produced with TRUNCATE (Collaborative Compu-
tational Project, Number 4, 1994). (b) Britton plot
(Britton, 1972; Fisher & Sweet, 1980) showing the
number of negative intensities as a function of the
assumed twin fraction. The figure was produced with
DETWIN (Collaborative Computational Project,
Number 4, 1994).

presence of two molecules in the asymmetric
unit, the Vy value is calculated to be
2.64 A® Da!, with a solvent content of 53%.
The self-rotation function for this crystal
showed the presence of a twofold axis
(6 =90.00, ¢ = —64.07, x = 180.00°). There-
fore, it seemed reasonable that the asym-
metric unit contained two molecules related
by a twofold axis. However, the N(Z) plot
for the rhombohedral crystal indicated that
twinning was likely (Fig. 3a), as was the case
with the tetragonal crystal. The o value was
estimated to be 0.20 using the Britton plot
(Fig. 3b). From these results, we concluded
that the tetragonal and rhombohedral crys-
tals were heavily twinned and that applica-
tion of detwinning was not suitable for the
present twinned data because of the high
twin fraction.

The crystals obtained by the addition of
dioxane, on the other hand, were shown to
be single by the N(Z) plot and Britton plot.

3.2. Quality of the single crystal and
preparation of a heavy-atom derivative

The rhombohedral single crystal has the
same crystallographic parameters as those of
the rhombohedral twinned crystal. The
crystal contains two molecules in the asym-
metric unit. The diffraction data were
collected at 1.8 A resolution. The data set
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Figure 3

Analysis of the intensity statistics for the rhombo-
hedral twinned crystal. (a) Cumulative intensity
distribution curves. The crystal belongs to space
group R3; hence there are no observed centric
reflections. (b) Britton plot.

Table 2
Crystal preparation and data-collection statistics of
PL-C single crystal.

Values in parentheses refer to the highest resolution
shell.

Data set Native Hg
Soaking conditions
Reagent — HgCl,
Concentration (mM) — 1
Time (h) — 5

Data collection

X-ray source PF (BL-18B) PF (BL-18B)

Wavelength (A) 1.000 1.000

Resolution limit (A) 1.80 3.00
(1.89-1.80)  (3.16-3.00)

No. of observations 134896 26694

No. of unique reflections 26091 5680

Redundancy 52 4.7

Completeness (%) 99.9 (99.9) 99.7 (97.9)
Ruerget (%) 6.7 (27.9) 6.5 (11.8)
Risot (%) - 14.0
Io(I) 7.1 (2.4) 9.4 (5.3)

T Ruerge = 2 I — (I)|/>_; I, where (I;) is the average of I;
over all symmetry equivalents. % R, = Z||F,,,_,| -
\F,,H/Z|F,.|, where |Fp| and |Fpy| are the native and
derivative structure-factor amplitudes, respectively.

had an Ryeree 0f 6.70% for 26 091 indepen-
dent reflections (the completeness was
99.9%) derived from 134 896 observations.
In the highest resolution shell (1.89-1.80 A),
the data set was 99.9% complete, with a
signal-to-noise ratio [I/o(I)] of 2.4. Details of
the data-collection statistics are summarized
in Table 2.

For the structure solution of PL-C using
the rhombohedral single crystal, an isomor-
phous heavy-atom derivative crystal was
prepared by soaking the native crystal in a
reservoir solution containing 1 mM mercury
chloride for 5h at room temperature.
Intensity data from the derivative crystal
were collected to 3.0 A resolution on the
BL-18B station of PF, Tsukuba, Japan, in the
same manner as for the data collection from
the native crystal (Table 1). An isomorphous
difference Patterson map was calculated
with the program FFT from the CCP4 suite
(Collaborative ~ Computational  Project,
Number 4, 1994). This map revealed the

Figure 4

Harker section (w = 0) of the difference Patterson
map computed using 10-5 A resolution data from
the native and mercury-derivative crystals. The
contouring starts from 2o at intervals of 1o.
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presence of a single Hg-atom position in the
asymmetric unit of the derivative crystal
(Fig. 4). The structure determination of
PL-Cis under way using the SIRAS method.
Concurrently, preparation of another
isomorphous derivative crystal has been
tried using a soaking method.
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