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Ribulose 1,5-bisphosphate carboxylase/oxygenase (RuBisCO) from a red alga, Galdieria
partita, has been crystallized by the hanging drop vapor diffusion method. Two forms
(Forms I and II) of crystals were obtained under distinct conditions. The Form I crystal
belongs to monoclinic space group C2 with cell dimensions of a=190.2, 5=140.0, c=189.0
A, and 8=102.6, and diffracts up to 3.0 A resolution. Diffraction from the Form II crystal
was too weak to determine crystal data.
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Ribulose 1,5-bisphosphate carboxylase/oxygenase (RuBis-
CO: EC 4.1.1.39) is an enzyme that catalyzes primary
reactions in photosynthesis as well as in photorespiration
(1). In the photosynthetic process, the enzyme catalyzes the
carboxylation of ribulose 1,5-bisphosphate (RuBP), yield-
ing 2 mol of 3-phosphoglycerate. The competing oxygena-
tion reaction produces 1 mol of 3-phosphoglycerate and
1 mol of phosphoglycolate from RuBP. The oxygenation
reaction reduces the rate of photosynthesis and severely
limits the crop yield. Consequently, the enhancement of the
carboxylation/oxygenation ratio is one of the most im-
portant factors for creating RuBisCOs with more useful
properties for current global problems.

Most RuBisCOs have a hexadecameric structure com-
posed of eight large (L, 50-55 kDa) and eight small (S, 12-
18 kDa) subunits. The crystal structure of this Lz S; type
RuBisCO was reported for two higher plants, tobacco (2-5)
and spinach (6-10), and a cyanobacterium, Synechococcus
(11, 12). The rate of carboxylation and the affinity to
substrates are quite different between the higher plants and
cyanobacterium (1). Nevertheless no significant structural
difference was found at the active site of RuBisCO (12),
probably due to the conservation of the amino acid sequence
around the active site.

Red algal RuBisCOs have higher substrate specificity
factors ( Vo, Ko,/ Vo, Kco,) (13, 14) than higher plants, green
algae, and photosynthetic bacteria (1, 14). The gene se-
quences of red algal RuBisCOs (15-17) indicate that the
amino acid sequences around the active site are rather
different from those of RuBisCOs obtained from other
species. In order to determine the reason for the high
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specificity factor, structural studies, especially at the active
site, are essential. Here we report the crystallization and
preliminary crystallographic studies of RuBisCO obtained
from a red alga, Galdieria partita.

Purification of the Galdieria RuBisCO was carried out by
the same method as that for the red alga, Porphyra
yezoensis, described by Uemura et al. (14). A quaternary
complex of RuBisCO and 2-carboxy-arabinitol 1,5-bisphos-
phate (CABP) was prepared as reported previously (18),
and concentrated to 10 mg/ml by ultracentrifugation.
Galdieria RuBisCO was crystallized by the hanging drop
vapor diffusion technique. Three microliters of a protein
solution comprising 20 mM MgCl,, 20 mM NaHCO,, and 2
mM CABP was mixed with the same volume of the
precipitant solution on a cover slide glass, which was placed
over a reservoir well containing the precipitant solution.
The droplet and the reservoir well were stored at 298 K.
The crystallization conditions are listed in Table I.

X-ray diffraction studies were carried out at room tem-
perature with a Rigaku R-AXIS IIC imaging plate detector
system mounted on a Rigaku RU-300 rotating-anode X-ray
generator with a graphite monochromator (fine-focused
CuKa, operating at 40 kV and 100 mA). The crystal-to-de-
tector distance was set at 160 mm and the exposure time
for each frame was 1 h. Each crystal was sealed in a thin-
walled glass capillary. Cell constants were determined by
means of the auto-indexing routine of the program,
DENZO (19). Data processing was carried out with the
programs DENZQO and SCALEPACK. V,, was calculated as
described by Matthews (20).

The crystallographic data are summarized in Table I.
Two crystal forms were obtained: Form I crystals grew as
prismatic rods, and Form II ones as square plates (Fig. 1).
Both forms of crystals were grown using polyethylene
glycol 8000 as the precipitant. Form I crystals appeared
after two months under low ion strength conditions, while
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TABLE 1. Crystallization conditions and crystal data for crystals of Galdieria RuBisCO.

Crystal form Shape Crystallization conditions Space group Cell constants Z Va (A?-Da™") (Solvent content, %)
Form I Prismatic rod 10% PEG8000 C2 a=190.2 A 4 2.23 (44.8)

8% Ethylene glycol b=140.0 A

100 mM Hepes, pH 7.5 c=189.0 A

£=102.6

Form IT Square plate 10% PEG 8000 nd nd nd nd

100 mM MgCl,

100 mM Tris, pH 8.5

Fig. 1.

Crystals of RuBisCO from Galdieria partita. (a) Form I
and (b) Form II. The dimensions of these crystals are approximately
1.5%0.16X0.156 mm and 0.2%0.15x0.03 mm, respectively. In the
droplet of the Form II crystal, small hexagonal plate crystals can also
be observed.

Form II ones grew completely within three days at higher
ion strength than that for Form I. Only the Form I crystal
was suitable for X-ray work. X-ray diffraction from the
Form II crystal was too weak to determine its crystal data.

Intensity data were collected for a Form I crystal. Ninety
frames with a rotation angle of 2.0° were recorded and
processed. The combined set was obtained from 307,530
reflections in total, which were reduced to 82,842 unique
reflections with an Ryerge of 11.1% and a completeness of
86% at 3.0 A resolution. The Rierge value is rather high
because of the weak diffractions at around 3.0 A resolution
(Fig. 2), and gradual X-ray damage to the crystal. The data
obtained using synchrotron radiation may be necessary to
carry out structural analysis at higher resolution.
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Fig. 2. Anoscillation diffraction pattern of a Galdieria RuBis-
CO crystal with a zoom window. The image was obtained with a
Rigaku R-AXIS IIC imaging plate detector system (crystal-to-
detector distance, 160 mm). The black arrow in the zoom window
indicates the diffraction spot at 3.0 A resolution.

We are currently attempting to solve the structure of the
Form I crystal by the molecular replacement method.
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