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Cysteine synthase (CSase, EC 4.2.99.8)
catalyzes the synthesis of L-cysteine from O-
acetyl-L-serine and sulfide. CSases from a
variety of higher plants have been extensively
purified and characterized (Masada et al.
1975, Tamura et al. 1976, Bertagnolli and
Wedding 1977, Murakoshi ¢f al. 1985, Ikega-
mi et al. 1988, Nakamura and Tamura 1989),
however relatively little is known about the
properties of algal CSases (Schmidt 1977,
Leon et al. 1987, Diessner and Schmidt 1981,
Fujimori et al. 1991). In the present experi-
ment, the antiserum raised against Chlorella
and Porphyra CSases have been prepared and,
using these antiserum, the immunological
comparison of CSases from five species of
algae [Chlorella and  Scenedesmus (Chlo-
rophyceae); Nannochloropsts (Eustig-
matophyceae); Porphyra (Rodophyceae); Spiru-
lina (Cyanophyceae)] was examined.

For the development of anti-Chlorella CSase
serum, the purification of the enzyme was per-
formed by the procedures described in the
previous paper (Nakamura and Tamura
1989). The purified Chlorella CSase had a
specific activity of 270 gmol L-cysteine formed
per min per mg of protein and also showed a
single band in PAGE. The purified enzyme
was emulsified with Freund’s complete ad-
juvant and injected subcutaneously into a
previously unimmunized rabbit. Each rab-
bit was injected 4 times in the same manner.
After 8 weeks, whole blood was collected by

cardiac puncture and the serum was obtained
after centrifugation. As for Porphyra CSase,
the methods for purification and preparation
of the antiserum were described in the previ-
ous paper (Fujimori et al. 1991). The Por-
phyra CSase had a specific activity of 408 zmol
cysteine formed per min per mg protein and
showed a single band in PAGE.

Table 1 shows the presence of CSase in
several algae of different families. Each alga
in the table was macerated in 30 mM Tris-
HCl buffer (pH 8.0) containing 10 mM 2-mer-
captoethanol and 0.5mM EDTA and
homogenized by sonication except Porphyra
that was extracted by autolysis, and the
homogenate was subjected to enzyme assay.

Specific activity is expressed as cysteine for-
mation in 1 gmol per min per mg protein of
crude extract. On a wet weight basis, 16 to
30-fold amount of activities compared with
that from Porphyra and Spirulina were detected
in Chlorella and Nannochloropsis, respectively.
When expressed on a protein basis, however,
algal preparations exhibited approximately
the same value except for Spirulina.

As shown in Fig. 1, the anti-Chlorella CSase
thoroughly inactivated the CSase from Chlorel-
la, Scenedesmus and Nannochloropsis. However,
this anti CSase serum was almost ineffective
in inactivating the Porphyra and Spirulina en-
zymes (Fig. 1A). The amount of anti-Chlorel-
la serum, which caused 50% inhibition of
Chlorella,  Scenedesmus and  Nannochloropsis
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Table 1. Cysteine synthase activity in several algae.
. CSase Activity Specific Activity

Species (units/g wet weight) (units/mg protein)
Chlorella® 24.0 1.09
Scenedesmus® 7.1 0.76
Nannochloropsis® 39.0 0.84
Porphyra® 1.3 0.34
Spirulinad 1.5 0.08

@ Chlorella (Chlorella sp.) and Scenedesmus (Scenedesmus
sp.) were grown in the medium which contained, per
liter: KNO;, 2.5g; KH,PO,, 0.6g; MgSO,.-7H,0,
0.6g; Fe-EDTA, 15mg; H;BO;, 2.86 mg; MnCl,-
4H,0, 1.81 mg; ZnSO,-7H,0, 0.22 mg; CuSO,-5H,0,
0.08 mg and Na,MoO,, 0.021 mg (pH 7.0).

b N hloropsis (N hloropsis oculata) were grown in
the medium which contained, per liter: (NH,),SO,-
5H,0, 100-300 mg; calcium superphosphate, 15-20 mg;
urea, 5mg; CLEWAT-32 (purchased from Teikoku
Kagaku Sangyou Co.) (pH 8.0). After the cultivation in
this medium for few days, following supplemental
elements were added, per liter of medium: KNO,,
100 mg; Na,HPO,, 20 mg; Fe-EDTA, 3 mg.

¢ Porphyra (Porphyra yezoensis) was grown in Tokyo bay
in winter.

d Spirulina (Spirulina platensis) was cultured by the
method of Ogawa and Terui (1970). It was done in the
SOT medium (pH 9.0-9.2) at 33°C, under continuous
light (7-10 klux).

b Light (5-10 klux) and air containing CO, (1-2%)
were supplied.

CSase activities were 10, 7 and 16 g/, respec-
tively.
On the other hand, anti-Porphyra CSase react-
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ed most with Porphyra CSase only slightly with
the Chlorella, Nannochloropsis and Spirulina
CSase, and to an intermediate degree with
the Scenedesmus CSase (Fig. 1B). Then, the
50% inhibition values for the anti-Porphyra
CSase to Porphyra, Scenedesmus, Nannochlorop-
sis, Chlorella and Spirulina CSase were calcu-
lated to be 9, 35, >140, >250 and >250 pl,
respectively.

Based on the immuno-inactivation results
it appears that Chlorella and Nannochloropsis
CSases are immunologically closely related,
although not identical, while both CSases
differ substantially from the Scenedesmus
CSase. Moreover, the total lack in cross-reac-
tivity between these serum and the CSase
from Spirulina (Fig. 1A, B) may indicate
that the surface protein structure of
Cyanophyceae CSase is widely different from
that of Chlorophyceae, Eustigmatophyceae
and Rodophyceae.

The magnitude of the reactivities of anti-
serum were as follows: anti-Chlorella CSase
(Scenedesmus > Chlorella and ~ Nannochlorop-
sis> > Porphyra and Spirulina); anti-Porphyra
CSase  (Porphyra> Scenedesmus > > Spirulina,
Chlorella and Nannochlorosis). Then we can
speculate that the order of the antigenic
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Immuno-inactivation of the CSase from Chlorella (®), Scenedesmus (&), Nannochloropsis (A), Porphyra

(O) and Spirulina (O). Titrations were performed with anti-Chlorella CSase (A) and anti-Porphyra CSase (B). Ex-
traction of CSases from the thalli was done by sonication except Porphyra enzyme which was extracted by autolysis.
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reactivity between Chlorella and other four
species are; Chlorella-Nannochloropsis-Scenedes-
mus---Porphyra---Spirulina.

Nannochloropsis had been belonging to Chlo-
rophyceae group (Droop 1955). However, it
was reclassified to Eustigmatophyceae (a kind
of Xanthophyceae) for the particular differ-
ence of the chloroplast pigment composition
and cell structures (Antia e al. 1975, Hibberd
1981). It is so curious that the Chlorella
CSase is immunologically more closely relat-
ed to the enzyme from Nannochloropsis than
that from Scenedesmus. On the other hand,
Scenedesmus CSase had some common antigen-
ic determinants of the enzyme not only in Chlo-
rella but also in Porphyra.
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