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Partial purification and some properties of RuDP carboxylase

from a green alga, Bryposis maxima
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RuDP carboxylass was extracted from the fresh fronds of Bryopsis maxima and purified
partially to an extent being practically available for the investigations of some enzymatic
properties. The enzyme was activated more remarkably by Mg?* than Mn?*, and showed
a maximum activity at 10 mM Mg?+, but its optimum pH was shifted depending on its
concentration. The apparent Km values for RuDP and HCO;~ were estimated to be 6.5

x10*M and 6.0x 1073 M, respectively.
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In contrast to higher plants, RuDP car-
boxylases of algae have not been studied
in detail except a few in green'® and
blue-green’® algae. In view of this fact,
we investigated precisely the RuDP car-
boxylase from a marine brown alga, Spato-
grossum pacificum, and found that some of
its properties are characteristic of the brown
alga®. This work was carried out as a
part of the studies on enzymes involved in
CO, photoassimilation of brown algae™®.

In this connection, therefore, we extended
similar study to the RuDP carboxylase of
a marine green alga, Bryopsis maxima to
compare the properties with those already
reported. Thus, we obtained some interest-
ing results, although the enzyme used was
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Abbreviations: EDTA; ethylenediaminetetra-
acetat (disodium), RuDP; ribulose-1,5-di-
phosphate, RuDP carboxylase (or RuDP Case) ;
3-phospho-D-glycerate carboxylyase (EC 4, -
1,1,39).

a partially purified preparation, and they
are reported in this paper.

Materials and Methods

Algal material. The fronds of Bryopsis
maxima were harvested in spring at Inubo-
saki, Choshi, Chiba-ken.

Chemicals. RuDP is the commercial pro-
duct of Sigma Chemical Company, and all
other chemicals were purchased according
to need.

Enzyme assay. Following the methods of
MENDIOLLA and AKAZAWA® and KIERAS
and HASELKORN", reaction mixture was
prepared. It contained 50 gmoles of Tris-
HCI buffer (pH 8.3), 2.5 pmoles of MnSO,
(or 5 gmoles of MgSO0,), 0. 25 gmole of RuDP,
5 pmoles of KH"CO, (1.25 pCi), and 0.1ml
of enzyme solution in a total volume of
0.5ml. The mixture was incubated first
without RuDP at 20°C for 20 min, and the
reaction was then started at 30°C after addi-
tion of RuDP. After incubation for 20 min,
0.05ml of 6 N acetic acid was added to the
mixture and excess radioactive carbonate
was removed by suction for 15 min. A 0.2
ml aliquot of the mixture was then placed
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on a planchet and the radioactivity was mea-
sured with a Aloka model FC-1E gassflow
counter. All enzyme assays were duplicated
and an average value was obtained.

Results and Discussion

Extraction and purification of RuDP car-
boxylase. Three handred grams of fresh
algal fronds were minced with scissors, and
squeezed out by hands through two layers
of nylon cheesecloth into 600 ml of 0.1 M
Tris-HCl buffer, pH 7.8, containing 0.4 M
sucrose and 1 mM MgCl,. The mixture was
stirred throughly and centrifuged at 16, 000
Xg at 0°C for 7min. The precipitate was
suspended in the same buffer and again
centrifuged in the same way. The pre-
cipitate thus obtained was stored at —20°C.

A 5g aliquot of the above enzyme pre-
paration was then sonicated in 25ml of
0.05M Tris-HCl buffer, pH 8. 3, containing
5mM MgCl,, 50 mM KCI, 1mM EDTA, and
30 mM 2-mercaptoethanol, at 0°C for 10 min.
The mixture was centrifuged at 16,000Xx g
at 0°C for 40 min. To the supernatant, was
added solid ammonium sulfate to a 25%
saturation, and the resulting precipitate was
removed by centrifugation. By further
addition of solid ammonium sulfate to the
suppernatant, a 60% saturation was obtain-
ed. The resulting precipitate was collected

by centrifugation at 16,000Xg at 0°C for
30 min, and dissolved in 5ml of 0. 01 M Tris-
HClI buffer, pH 7.5, containing 10mM 2-
mercaptoethanol and 0.1 mM EDTA.

The solution was applied to a Sephadex
G-200 column (2. 5X50 cm) equilibrated with

0.05M Tris-HCI buffer, pH 8.3, containing

5mM MgCl,, 1mM EDTA, and 10mM 2-
mercaptoethanol (Buffer C), and eluted with
the Buffer C at a flow rate of 0.8 ml/min.
The eluates were collected every 10ml in a
tube. RuDP carboxylase was eluted into
fractions (No’s 24-27) following the void
volume. These fractions were combined,
concentrated in a collodion bag at 0°C for
12 hr, and then applied to a DEAE cellulose
column (2. 0x 30 cm) equilibrated with Buffer
C. A gradient elution was made with Buffer
C containing linearly increasing NaCl con-
centrations from 0 to 1. 0 M, as shown Fig. 1.
RuDP carboxylase was eluted at 0.5 M
NaCl. The fractions (No's 23-27) were
combined, concentrated in a collodion bag
at 0°C for 12 hr, and the concentrated solu-
tion was used as RuDP carboxylase solution
in this work.
Properties of partialy purified enzyme. First,
the effect of Mg?* at various concentrations
on the enzyme activity was investigated at
different pH values, as shown in Fig. 2.
The addition of Mg?* caused remarkable
shifts of the optimum pH of RuDP car-
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Fig. DEAE-cellulose column chromatography of RuDP carboxylase.
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Fig. 2. Effect of concentration of Mg?+t on
RuDP carboxylase activity.

boxylase toward neutral region. The opti-
mum pH at 8.5 at 1.5 mM Mg?* was shifted
to pH8. 0 at 10mM Mg?*, and a maxmal
activity was observed at this concentration
of Mg?* among several tests.

Since Mn?* activated the activity of RuDP
carboxylase from S. pacificum® more effec-
tively than Mg?*, the effect on Mn®* on the
activity of this algal enzyme was inves-
tigated, as shown in Fig. 3. The optimum
pH at 8.5 at 2mM Mn?** was shifted to pH
7.6 at 6mM and 11 mM Mn?* concentra-
tions, respectively, but the activation by
Mn?** was far lower than Mg?* in contrast
to the enzyme of the brown alga®. Effect
of substrate concentration on RuDP car-
boxylase activity was examined to obtain
Km values. Asshown in Figs. 4 and 5, the
Lineweaver-Burk plots for RuDP and HCO,~
each showed sigmoid curve, as with the
RuDP carboxylase of S. pacificum®, and
the Km values could not exactly obtained.
However, apparent Km values calculated at
lower concentrations of substrates were
6.5X10"*M and 6.0Xx107*M for RuDP and
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RuDP carboxylase activity.
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Fig. 4. Effect of concentration of RuDP on
RuDP carboxylase activity.

HCO,", respectively. These values were of
almost the same order as those for brown
algal enzyme®. Thus, the RuDP carboxylase
of B. maxima was elucidated to be activated
remarkably by Mg?* and its optimum pH was
shifted depending on its concentration as
with the enzyme of spinach!®? while Km
values for RuDP and HCO,™ are rather simi-
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Fig. 5. Effect of concentration of HCO;~ on

RuDP carboxylase activity.

lar to those for the enzyme of S. pacificum®,
the values for spinach enzyme being 1. 0-
2.5%107*M and 5. 6X107% M, respectively'®.
Therefore, the properties of subunits A and
B of RuDP carboxylase of B. maxima would
be more similar to those of the higher plants
than to those of the brown algal enzyme.
This is particularly interesting upon taking
into account the phylogenetic position of
green algae.
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