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Abstract

Rice RuBPCase was purified by ammonium sulfate fractionation, Sephadex G-50
and DEAE Sepharose CL-6B chromatography. The purified enzyme had small subunit
and large subunit with molecular weight of 16 KD and 53 KD, respectively, as esti-
mated by SDS-PAGE. The molecular weight of holoenzyme was estimated to be 580
KD by Disc-PAGE. When the enzyme was injected into HPLC column (TSK G 3,000
SW) and eluted with 50 mM Tris buffer (pH 7.0) containing 0.5 M NaCl, there are
three peaks corresponding to molecular weight of 17 KD, 120 KD and >300 KD,
respectively. The activation of enzyme was temperature dependent and it took 50
min at 30°C to reach maximal activation. The fully activated enzyme was denatured
by heat and the first ordered thermal inactivation rate constants at 50°C, 55°C, 57°C
and 60°C were 0.003, 0.020, 0.029 and 0.162 min—!, respectively. The activation energy
for thermal denaturation was 20.8 Kcal/mole. The optimal pH range for enzyme
activity was between pH 7.2 and 8.7. The dramatic activity change between pH 6.3
and 7.2 could be involved in light-dark transition regulation of RuBPCase activty.
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Introduction

Ribulose-1, 5-bisphosphate carboxylase (RuBPCase) catalyzes photosynthetic CO;

fixation: Ribulose-1,5-bisphosphate + CO; = 2 3-phosphoglycerate, which is the key
step in photosynthesis (Miziorko and Lorimer, 1983). O: can compete with CO: for
the enzyme active site and lead to the formation of phosphoglycolate and 3-phospho-
glycerate. Since the C, plant lacks the COs; concentrating mechanism the competi-
tion of O: for the reduced carbon leads to great loss of fixed carbon. In C; plants,

the kinetic properties of RuBPCase might be the key determinant for their efficien-
cies of photosynthesis. ’
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Rice is a C; plant and is one of the most important crop in the world. It has
been shown that rice RuBPCase activity is highly correlated with the net rate of
photosynthesis and the level of this enzyme could be a limiting factor in photo-
synthesis throughout the life span of the rice leaf (Makino et al., 1983a). There
are several reports on the relationship between RuBPCase activities and rice Phys-
iology (Makino et al., 1983a, 1983b; Kabaki ef al.,, 1979; Kabaki and Tajima, 1982;
Nakamura and Saka, 1978; Saka, 1977; Shieh and Liao, 1985). Little informations
concerning the molecular properties of purified rice RuBPCase have been reported.
Although Makino ef al. (1983b) purified the RuBPCase from a cultivar of rice
(Oryza sativa L. cv. Sasanishiki), no serious attempt was made to study the enzyme
properties in detail. In the present work, we have purified the rice leaf RuBPCase
from a local cultivar (Owyza sativa L. cv. Hsingchu 56) and study its properties.

Materials and Methods

Materials

Leaves of rice cultivar (Onyza sativa L. cv. Hsingchu 56) were obtained from
the experimental farm of Academia Sinica at four leaf stage. Ribulose-1,5-bisphos-
phate (RuBP), polyvinylpolypyrrolidone, sodium dodecylsulfate (SDS), acrylamide
and N’-N-methylenebisacrylamide were obtained from Sigma Co. Sodium [*C]
bicarbonate was purchased from Amersham International. Ammonium sulfate
(Enzyme grade), BICINE and HCl were obtained from E. Merk Co. Ferritin,
catalase and thyroglobin were obtained from Pharmacia. Fine Chemicals. Other
reagents were of reagent grade.

Enzyme Assay

RuBPCase activities were assayed according to Pierce et al. (1982). The reac-
tion mixture was placed in a scintillation vial, which included 890 #1 of 25.3 mM
MgCl:-6H-0 in 0.1 M BICINE buffer (pH 82),50 #1 of 0.5 M NaHCO;, and 10 21 of
the activated enzyme solution. The solution was incubated at 30°C for 50 min. The
vials were stoppered with rubber serum caps. The reaction was initiated by the
addition of 50zl of 10 mM RuBP through the serum cap by Hamilton syringe.
After 2 minutes, the reaction was stopped by the addition of 200 #l of 4N HCI (or
300 #1 of 6 N acetic acid). After removing the serum caps, the vials were slowly
heated to dryness in an air-driven oven at 70°C (in a hood). After cooling, 1ml of
H:0 was added and followed by 10ml of scintillation cocktail. The cocktail used
was READYSOLV™ EEP (BECKMAN). Radioactivity was counted with BECKMAN
LC 7800 counter.

Purification of The Enzyme
Seventy grams of rice leal (taken at four-leaf stage) was homogenized in 100
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mM BICINE buffer (pH 82) containing 1mM DTT, 1mM EDTA and 2% polyvinyl-
polypyrrolidone by polytron homogenizer. This and all subsequent steps were
performed at 4°C. The ground slurry was filtered through 3-4 layers of cheesecloth
and centrifuged for 30 min at 10,000 rpm. The supernatant from this centrifugation
was filtered through glass wool to remove suspended material. The supernatant
was subjected to ammonium sulfate fractionation and the fractions precipitated at
379 to 502 saturation were collected. After centrifugation, the precipitated enzyme
was gently resuspended in a minimal volume (6 ml) of the BICINE buffer. The
enzyme solution was desalted by Sephadex G-50 column (2.5%x45 cm) and then loaded
onto a DEAE-Sepharose CL-6B column (25x45 cm). After washing with 600 ml of
BICINE buffer, the column was eluted with a two liter linear gradient (0.1 to 0.4
M NaHCO; in BICINE buffer). The fractions containing most enzyme activities

were collected and precipitated by 50% saturated ammonium sulfate and stored at
-20°C.

Assessment of Purity

Disc gel electrophoresis of polyacrylamide gel (7%) was carried out according
to Gabiel (1971) to monitor the extent of enzyme purification. SDS polyacrylamide
slab gel electrophoresis with 13% acrylﬁamide was carried out according to Laemmli
(1970) to estimate the molecular weight of subunits. The standard proteins used
were phosphorylase b (94 KD), bovine serum albumin (67 KD), ovalbumin (43 KD),
carbonic anhydrase (3¢ KD), soybean trypsin inhibitor (20.1 KD), a-lactalbumin
(144 KD).

Determination of Holoenzyme Molecular Weight

The holoenzyme molecular weight was determined according to Hedrick and
Smith (1968). Polyacrylamide gel electrophoresis with three different gel concen-
trations (5%, 62, 7%) was carried out to determine the relative mobility of enzyme.
The slope of log Rm vs gel concentration is a linear function of molecular weight.

The standard proteins used were thyroglobin (669 KD), ferritin (440 KD), catalase
(232 KD).

Results

Purification of RuBPCase from Rice Leaves

After 379-502 ammonium sulfate fractionation step, we have tried four different
ways to purify the enzyme. 1. Sepharose 4B (25X70 cm) and then DEAE-cellulose
chromatography (2.5%40cm, elution with 0.1-0.6 M NaHCOQO; in BICINE buffer, pH
82). The obtained enzyme was estimated to be 709 pure. 2. Removing the salt
with Sephadex G-25 first and then chromatofocusing with Mono P. The obtained
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enzyme was not pure and was inactivated. 3. Octyl-Sepharose CL-4B column chro-
matography and eluted with linear gradient of 35% (NH,):SO, in buffer and 80%
ethyleneglycol in buffer. The obtained enzyme was pure but was precipitated and
showed little activity. 4. According to the procedure described in “Method”, we
obtained the purified enzyme with high activity.

Structure of Enzyme

Estimated by SDS polyacrylamide gel electrophoresis, the rice RuBPCase had
small subunit and large subunit molecular weight of 16 KD and 53 KD respectively
(Fig. 1). The molecular weight of the holoenzyme was estimated to be 580 KD by
gel electrophoresis (Fig. 2). This suggested that the rice RuBPCase had a L;S;
structure similar to the enzyme from other plant source (Mizioroko and Lorimer,
1983).

The purified RuBPCase was injected into high performance size exclusion liquid
chromatography column (TSK-gel G 3000SW, 75 mm IDX60cm, M. W. range 1,000-
300,000) and eluted with 50 mM Tris buffer (pH 7.0) containing 0.5 M NaCl. As
shown in Fig. 3, there are three peaks appeared at elution volume 9.77 ml (void
volume), 10.975 ml and 21.968 ml. Comparing with standard proteins (Fig. 4), these
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Fig. 3. High performance size exclusion Fig. 4. Determination of molecular weight of
liquid chromatogram of RuBPCase RuBPCase by size exclusion HPLC. The
in TSK-gel (G-3,000 SW, 75 mm last peak (Ve=21.968) in Fig. 3 was
IDx60cm). The elution buffer compared with standard proteins.

used was 50 mM Tris (pH 7.0)
containing 0.5 M NaCl. The flow
rate was 1 ml/min.

three peaks probably corresponded to holoenzyme (>300 KD), dimer of large
subunit (M. W., 120 KD) and small subunit (M. W., 17 KD).

Effect of Temperature on the Activation of Enzyme

RuBPCase in activating medium at 4°C were incubated at different temperatures
for various time intervals and then assayed for its actjvity. It is obvious that the
kinetics of enzyme activation was temperature dependent (Fig. 5). At 22.5°C for 2
hours, the enzyme only reached 80% of maximal activity. It took 50 min at 30°C
to reach maximal activation and the enzyme remained fully active without any
denaturation for at least 2 hours. ‘

Effect of pH on Enzyme Activity

RuBPCase was fully activated at 30°C, pH 8.2 and then placed in buffers of
different pH to assay enzyme activity. As shown in Fig. 6, the optimal pH range
was between pH 7.2 and 8.7. There were dramatic activity changes between pH 6.3
and 7.2; pH 87 and 9.4.

Thermostabilities

The fully activated enzyme was incubated at different temperatures for certain
time and then assayed for the residual activity at 30°C. As shown in Fig. 7, the
denaturation of RuBPCase followed first-order kinetics. The thermal inactivation
rate constants at 50°C, 55°C, 57°C and 66°C were 0.003, 0.020, 0.029 and 0.162 min~!,
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respectively. From the Arrehnijus plot (Fig. 8), these data fitted a linear equation
Ink=121.8-41249%1/T with linear correlation coefficient 0.99. The estimated activa-
tion energy for thermal denaturation reaction was 20.8 kcal/mole.
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Fig. 7. Thermal inactivation of rice RuBPCase. Fig. 8. Arrehnius plot of thermal inactiva
The fully activated enzymes were tion rate constants at different
placed at different temperatures for temperatures. The data in Fig.7
certain time intervals and then assayed were used.
at 30°C for residual activity.
Discussion

The purified rice RuBPCase has a molecular weight of 580 KD as estimated by
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disc gel electrophoresis (Fig. 2) and consists of two types of subunits with mole-
cular weight 53 KD and 16 KD respectively as estimated by SDS-PAGE (Fig. 1).
Therefore, this enzyme is similar to other plant RuBPCase with a LgSs structure
(Miziorko and Lorimer, 1983). The determination of molecular weight by different
methods naturally subjected to some variation (Andrews and Abel, 1981). The
holoenzyme was dissociated into three peaks in size exclusion HPLC column at pH
7.0 and 0.5 M NaCl. The last eluted peak (Fig. 3) is determined to be 17.2 KD which
was presumably the small subunit. Therefore, the molcular weight determined by
SDS-PAGE and HPLC column were somewhat different. The dissociation of RuBP-
Case under this condition is probably due to the high salt concentration (0.5 M NaCl)
and suggests that the subunit interaction of RuBPCase could involve ionic force.
Since some salt concentration is necessary to overcome the residual charge in TSK
gel, it is difficult to study the effect of salts on the subunit association of this
oligomeric enzyme. Other methods would be used to further study these pheno-
mena.

It has been suggested that light-dark transition induced pH changes could be
involved in the regulation of RuBPCase activity and CO: fixation. Werden ef al.
(1975) shown that illumination of spinach chloroplast increased the stroma pH from
72 to 8.0, which is just enough to switch CO: fixation by isolated chloroplast
from zero to its maximal? rate. Since the rice RuBPCase showed sharp activity
transition from pH 6.3 to 7.2, it is quite possible that the light-dark transition
induced pH change in rice chloroplast is in this range and it might be the regula-
tory mechanism of CO. fixation through pH control of rice RuBPCase. Further
studies on the pH changes and CQ. fixation of rice chloroplast during light-dark
fransition would be necessary to answer this question.
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