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Crystallization and Preliminary X-Ray Diffraction Studies of a Rice
Cysteine Proteinase Inhibitor, Oryzacystatin-I
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Oryzacystatin-I from rice seeds was overexpressed in Escherichia coli, purified, and
crystallized by the sitting-drop vapor diffusion method. Crystals obtained with 2-methyl-
2,4-pentanediol as a precipitant exhibited space group 74,22, with unit cell parameters of
a = b = 100.0 A, c = 54.2 A, and diffracted up to 2.8 A resolution at 100 K. The crystals have
one molecule per asymmetric unit.
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Cystatins are a group of proteins which bind to cysteine
proteinases and inhibit their activities (1). All the proteins
belonging to the cystatin superfamily exhibit similarities in
their amino acid sequences and functions, and have been
classified into three distinct families, stefins, cystatins, and
kininogens, based on their primary sequences (1). Several
biochemical studies have shown that the N-terminal region
of cystatins, especially a conserved Gly in the region, is
important for the inhibitory activity (2-4). Previously, the
three-dimensional structures of some cystatins were de-
termined; that of chicken cystatin (cystatin family) by X-
ray crystallography (3, 5), and those of human stefin A and
cystatin A (stefin family) by NMR (6, 7). Crystallographic
analysis of a papain-stefin B complex revealed that the
N-terminal region of cystatin masks the catalytic cleft of
papain (8), which strongly supported the above assump-
tion.

Cystatins from plants are distinguishable from those
from other sources, because they are single-chain proteins
and contain no cysteine residues to form disulfide bonds.
This suggests that plant cystatins can be classified into a
new family of cystatins, phytocystatins (9, 10). Phytocys-
tatins share only about 30% sequence homology with other
cystatin families.

OC-I is a phytocystatin from rice seeds (Oryza sativa)
(11). The cDNA and genomic DNA of OC-I have been
cloned into Escherichia coli, and its expression system has
been established in E. coli cells (12, 13). Using the
expressed protein, the functional region of OC-I has been
analyzed (14, 15). Interestingly, an OC-I mutant lacking
the N-terminal region containing the conserved Gly has
been found to inhibit papain (14). This suggested that OC-I
inhibits the proteinase in a manner different from in the
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cases of other cystatins. To understand the inhibitory
activity of OC-I, we have crystallized OC-I and collected
preliminary X-ray diffraction data. This is the first report
of the crystallization of a phytocystatin family protein.

In order to obtain the large quantities of OC-I required
for screening of the crystallization conditions, a new
expression system involving the T7 promoter was con-
structed in E. coli (16). A fragment of the OC-I cDNA was
amplified by the polymerase chain reaction using pOC26 as
a template (12) and oligonucleotides (5'-CC CAT ATG TCG
AGC GAC GGA GGG CCG-3' and 5'-CC GAA TTC TTA
GGC ATT TGC ACT GGC ATC-3') as primers. The former
oligonucleotide contains the translational initiation codon,
ATG, of OC-I, and the latter includes the stop codon, TAA.
After digestion with Ndel and EcoRl, the resulting DNA
fragment was ligated with a pET26b plasmid digested at
which restriction sites, and the introduced into E. coli BL21
(DE3). The plasmid thus constructed was termed p0C-I-w.

A large amount of OC-I was produced as an active
molecule in E. coli cells and purified by the procedure
reported by Arai et al. (15) with a minor modification. An
overnight preculture (15 ml) of E. coli BL21 (DE3) carry-
ing p0C-I-w was transferred to 1.5 liters of Terrific Broth
medium (17) supplemented with 50^g/ml kanamycin,
followed by cultivation at 37°C for 3 h. IPTG was then
added to a final concentration of 1 mM. At 15 h after the
IPTG addition, the cells were harvested by centrifugation
(10,000x#, 5 min), suspended in 25 mM Tris-HCl, pH 7.5
(buffer A), and the lysed by sonication. After centrifugation
(20,000 X g, 20 min) of the sonicate, ammonium sulfate
was added to the supernatant to obtain 75% saturation. The
precipitant was dissolved in buffer A and dialyzed against
the same buffer. The resulting solution was applied to a
Q-Sepharose Fast Flow column (25 X 150 mm, Pharmacia),
equilibrated with buffer A, and eluted with a linear gradient
of 0 to 1.0 M NaCl. The fractions containing papain -
inhibitory activity were collected and applied to a Superdex
200 FPLC gel filtration column (Pharmacia), equilibrated
with buffer A containing 150 mM NaCl, at the flow rate of
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TABLE II.
OC-I.

Summary of X-ray data collection statistics for

Fig. 1. A typical crystal of oryzacystatin-I. The approximate
size of the crystal is 0.5x0.5x0.5 mm3.

TABLE I. Strategy and statistics for data collected.
Detector

Crystal used
Cell dimensions
Detector distance
Collected reflections
Unique reflections
Resolution
iJ-sym
Completeness

Rigaku R-AXIS lie (imaging-plate,
200 X 200 mm)

1
o=6=100.0 A, c = 54.2 A
130 mm
12,556
6,551
2.8A
4.5%
88.6%

2.5 ml/min. The active fractions were dialyzed against 25
mM Tris-HCl, pH 8.0, and then applied to a Mono-Q
column (Pharmacia) equilibrated with the same buffer.
Elution was carried out with a linear gradient of 0 to 0.3 M
NaCl. The active fractions were dialyzed against 10 mM
Tris-HCl buffer, pH 7.5, and then concentrated in Centri-
prep 3 ultrafiltration tubes (Amicon). Purity was analyzed
by SDS-polyaerylamide gel electrophoresis (18).

Crystallization trials were performed with the hanging-
drop vapor diffusion method using a crystallization screen-
ing kit (Hampton Research). Plate-like crystals appeared in
the presence of MPD as a precipitant. After refinement of
the crystallization conditions, crystals suitable for X-ray
analysis were obtained by mixing 10 //I of the protein
solution (50 mg/ml in 10 mM Tris-HCl, pH 7.5), and 10 /A
of a reservoir solution consisting of 50-60% MPD, 100 mM
magnesium chloride, and 0.1 M HEPES-NaOH, pH 7.5. A
drop was set against 750 pi\ of the reservoir solution at 5-
20°C by the sitting-drop vapor diffusion method. Crystals
were obtained in 5 days. Figure 1 shows a typical crystal
(0.5x0.5x0.5 mm3) suitable for X-ray diffraction mea-
surements. The X-ray diffraction patterns were recorded
using a Rigaku imaging-plate detector system, R-AXIS lie,
with double mirror-focused CuKa radiation from a Rigaku
RU-200R X-ray generator. A cooling device was used to
keep the crystals at 100 K (Rigaku CN2364B2). The
reflection intensities were evaluated with the program
package, PROCESS (Rigaku). Crystals mounted on a
hair-loop were subjected to flash-cooling to 100 K in a cold
nitrogen stream. Because MPD is a good cryo-protective
agent, no further treatment was required for cryo-crystal-
lography. Three-dimensional data sets to 2.8 A were col-
lected. The crystals belong to space group I4n22 with cell

Resolution
(A)

-15.0
15.0-10.0
10.0-7.5
7.5-5.0
5.0-3.5
3.5-3.0
3.0-2.8

Average
intensity (/)

184.0
199.4
139.2
56.3
48.2
10.5

3.9
All reflections 34.0

Average
Had)
19.2
27.3
19.8
15.6
13.4

4.8
2.4

11.7

R- factor
0.082
0.062
0.080
0.084
0.089
0.126
0.162
0.091

No. of
Reflections

40
94

182
769

2,140
1,804
1,522
6,551

Completeness
0.645
0.752
0.798
0.861
0.907
0.902
0.878
0.886

,, where <J(/i)> is the aver-
age intensity of i observation of reflection h.

dimensions of a= b= 100.0 A, and c = 54.2 A. The system-
atic absence of reflections (hkl = OOl, l = 4n) indicated that
the space group was 14! 22. Assuming that there is one
molecule per asymmetric unit, the crystal volume per unit
molecular mass (Vm) and the solvent volume fraction (Vsoi)
were estimated to be 2.98 Da/A3 and 0.587, respectively.
These values are within the ranges of those of typical
protein crystals (19). Among 12,556 recorded observa-
tions, 6,551 reflections were unique. This represented more
than 88.6% of the possible reflections (7,400) at 2.8 A. The
average I/al was greater than 2.4 in the highest resolution
range. Tables I and II summarize the strategy and statistics
for the data collected, respectively. Since OC-I is homol-
ogous with other cystatins, whose structures have been
solved (3, 5-8), we are now in the process of determining
the structure of OC-I using molecular replacement meth-
ods.
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