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Sclerotium rolfsii lectin (SRL), from the soil-borne phytopathogenic

fungus S. rolfsii, has been crystallized. SRL crystals were grown by

the hanging-drop vapour-diffusion method using an MPD±ammo-

nium acetate mixture in Tris±HCl buffer pH 8.5. A complete data set

from a single crystal at 100 K was collected to 1.1 AÊ resolution using

synchrotron radiation. Preliminary crystallographic analysis showed

that the crystals belong to the tetragonal space group P42212, with

unit-cell parameters a = b = 99.81, c = 63.99 AÊ and two molecules per

asymmetric unit.
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1. Introduction

Lectins are non-enzymatic carbohydrate-

binding proteins present in plants, bacteria,

fungi and animals which preferentially bind

reversibly to speci®c carbohydrate structures,

either free in solution or on cell surfaces, and

play an important role in cell recognition.

Sclerotium rolfsii lectin (SRL) was puri®ed

from the sclerotial bodies of S. rolfsii, a soil-

borne phytopathogenic fungus (Swamy et al.,

2000). SRL is a monomer under acidic condi-

tions (pH 4.3) with a molecular weight of

17 kDa and forms a dimer at neutral or basic

pHs. SRL has been shown to recognize the

Gal�1!3GalNAc-�1!Ser/Thr residues in

glycoproteins, but has a diminished reactivity

towards sialylated glycotopes (Swamy et al.,

2000; Wu et al., 2001). This carbohydrate

sequence occurs as the mucin type I core

structure of O-linked oligosaccharide chains

and its role as a T-antigenic substance has been

established (Springer et al., 1979). SRL binds

to this glucosyl moiety; considering that the

T antigen is an oncodevelopmental cancer-

associated antigen that predominantly occurs

in several carcinoma cell surfaces (Spinger et

al., 1975; Itzkowitz et al., 1989; Shamsuddin et

al., 1995), SRL and similar lectins may have

greater applications (Wu, 1984). In this regard,

peanut agglutinin and a lectin from Agaricus

bisporous have been widely employed as

special reagents for cell markers and as ®ne

tools for elucidating changes on mammalian

cell-surface structures during their differ-

entiation. It has also been shown that subtle

differences in carbohydrate reactivity of such

T-antigen-binding lectins have marked effects

on their interactions with human cancer cells

and melanoma cell lines (Yu et al., 1993; Lorea

et al., 1997; Ryder et al., 1998).

Microbial lectins, particularly bacterial

lectins called adhesins, have gathered signi®-

cance over the last two decades, as they play a

pivotal role in the initiation of the infection

process by mediating adhesion to host cells

(Sharon & Ofek, 2000). Findings with bacterial

adhesins have attracted many to assign a

similar role to phytopathogenic fungal lectins

in host±parasite interaction (Rudiger, 1998). In

the past, only a few fungal lectins, mostly from

higher fungi (mushrooms), have been success-

fully crystallized. Notable examples are those

from Flammulina velutipes (Hirano et al.,

1987), Aleuria aurentia (Nagata et al., 1991)

and Pleurotus ostreatus (Chattopadhyay et al.,

1999). Partial structural characterization of two

lectins from Coprinus cinereus (Cooper et al.,

1997) and Rhizoctonia solani (Candy et al.,

2001) has been reported based on their

primary sequence; to date, no crystal structure

is known of a fungal lectin. The structure

determination of SRL will provide the ®rst

crystal structure of a fungal lectin and may also

help in de®ning the structure±function rela-

tionships of other fungal lectins. Furthermore,

structural analysis of SRL will allow the

elucidation of the structural basis of its ®ne

sugar speci®city and will shed light on its

biological role.

2. Crystallization

Puri®cation of SRL from the fungus S. rolfsii

has been described previously (Swamy et al.,

2000). The freeze-dried lectin was diluted in

5 mM Tris±HCl buffer pH 8.0 prior to crystal-

lization trials. Commercially available screens

were used to determine the initial crystal-

lization conditions (Molecular Dimensions

Ltd, UK) using the hanging-drop vapour-
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diffusion method at a temperature of 289 K.

Initial crystallization trials produced small

needle-like crystals on mixing 2 ml of protein

solution (20 mg mlÿ1) with an equal volume

of a reservoir solution containing 0.2 M

ammonium acetate, 30%(v/v) 2-propanol,

0.1 M Tris±HCl buffer pH 8.5. However,

these crystals (Fig. 1a) were extremely thin,

while the drops contained a large amount of

precipitate. The crystals diffracted to 4.0 AÊ

resolution using an R-AXIS IV image plate

mounted on a Rigaku RU-H3RHB rotating-

anode X-ray source with Cu K� radiation

(� = 1.5418 AÊ ). As these SRL crystals grew

in the presence of 2-propanol, various

concentrations of 2-propanol, MPD and

PEGs of various molecular weights were

used to improve the crystal quality and size.

Single crystals of identical morphology but

of considerably better quality and size were

grown within two weeks at 289 K using a

reservoir solution containing 0.2 M ammo-

nium acetate, 30% MPD, 0.1 M Tris±HCl

buffer pH 8.5 and a protein concentration in

the drop of 8 mg mlÿ1 (Fig. 1b). Although

these conditions produced better crystals,

they did not help to eliminate protein

precipitation in the drop. This optimization

procedure is a good example of the in¯uence

that different non-polar precipitants can

have on the quality and size of protein

crystals.

2.1. Data collection

Diffraction data were collected from a

single crystal at 100 K at station BW7B

(� = 0.8441 AÊ ), EMBL Hamburg c/o DESY.

As SRL crystals were grown in a medium

containing 30% MPD, no other cryoprotec-

tant media was used and the crystal was

simply transferred to a nitrogen-gas cold

stream (Oxford Cryosystems Cryostream

Cooler). Diffraction data to 1.1 AÊ resolution

were recorded on a MAR Research 345 mm

image-plate detector (Fig. 2). The exposure

time was 5±10 s per image (dose mode), the

oscillation range was 0.6� and a total of 160

images were collected. Addi-

tional data to medium (2.45 AÊ )

and low (3.45 AÊ ) resolution were

collected using oscillation ranges

of 1.4 and 2�, respectively. A

total of 237 images were

collected, producing 1 560 478

measurements. Raw data images

were indexed, integrated,

corrected for Lorentz polariza-

tion effects, scaled and merged

together using the HKL program

suite (Otwinowski & Minor,

1997). Complete data-collection

statistics are presented in

Table 1.

3. Preliminary X-ray
diffraction analysis

The systematic absences and

symmetry were consistent with

the space group P42212, with

unit-cell parameters a = b = 99.81,

c = 63.99 AÊ . The real-space self-rotation

function with origin removal as imple-

mented in the program CNS (BruÈ nger et al.,

1998) showed a single strong peak at � = 180�,
indicating twofold non-crystallographic

symmetry. Thus, assuming two SRL mole-

cules per crystallographic asymmetric unit,

the Matthews coef®cient (Matthews, 1968) is

2.3 AÊ 3 Daÿ1 and approximately 47% of the

crystal volume is occupied by solvent. The

presence of a dimer in the asymmetric unit is

consistent with biochemical data indicating

that SRL exists as a dimer at neutral or basic

pH values (Swamy et al., 2000).

Attempts to solve the structure by mole-

cular-replacement methods using as a

starting model structures of various plant

lectins [e.g. pea lectin (Prasthofer et al.,

1989), peanut lectin (Banerjee et al.,

1996), Maackia amurensis leukoagglutinin

(Imberty et al., 2000)] and animal lectins

[galectins 1 (Liao et al., 1994), 7 (Leonidas et

al., 1998) and 10 (Leonidas et al., 1995)] have

so far failed. These failures might be attrib-

uted to the high internal symmetry of the

lectin-fold motif (�-sandwich; 12±14 strands

in two sheets). We are presently searching

for suitable heavy-atom derivatives in order

to apply the isomorphous replacement

method to the SRL crystal structure deter-

mination.
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Figure 1
Photograph of the SRL crystals (a) grown from the
initial screening and (b) after optimization of the
crystallization conditions. The dimensions of the
crystal in (b) are approximately 1.0 � 0.1 � 0.1 mm.

Figure 2
An SRL crystal X-ray diffraction oscillation image. Inset: a
magni®cation of a section of the diffraction pattern, where it can
be seen that the SRL crystal diffracts beyond 1.1 AÊ (the edge).

Table 1
Data-collection statistics.

Values in parentheses are for the last resolution shell.

Space group P42212
Unit-cell parameters (AÊ ) a = b = 99.81,

c = 63.99
No. of crystals 1
Temperature (K) 100
Resolution range (AÊ ) 30.0±1.1 (1.14±1.10)
No. of measurements 1560478 (89797)
No. of unique re¯ections 128064 (10622)
Mosaicity (�) 0.15
Multiplicity 12.2 (8.5)
Rmerge² 0.034 (0.129)
Completeness (%) 98.1 (94.8)
I/�(I) 27.4 (13.1)
B factor from Wilson plot (AÊ 2) 6.2

² Rmerge =
P�jIj ÿ hIij�=

PhIi, where Ij is the observed

intensity and hIi is the statistically weighted average intensity

of multiple observations of symmetry-related re¯ections.
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