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Photosystem II (PS II) particles retaining a high rate of 0 2 evolution were prepared from a thermophilic 
cyanobacterium, Synechococcus vulcanus Copeland, and the composition and properties of their peripheral 
proteins were investigated. The following results were obtained. (1) The Oz-evoiving PS II particles of S. 
vulcanus contained only one peripheral protein with a molecular mass of 34 000 which corresponded to the 33 
kDa protein in higher plant PS II particles, but no other peripheral proteins corresponding to the 24 and 16 
kDa proteins of higher plant PS II particles. (2) The cyanobacterial peripheral 34 kDa protein was removed 
from the particles by 1 M CaClz-washing concomitant with total inactivation of 0 2 evolution, and the 
inactivated O z evolution was reconstituted to 75% of the original activity by rebinding of this protein back to 
the washed particles. (3) The cyanobacterial peripheral 34 kDa protein rebound to CaC! 2-washed spinach PS 
II particles and restored O z evolution to an appreciable extent (28%). (4) The spinach peripheral 33 kDa 
protein rebound to CaCI z-washed PS II particles of S. vulcanus and partially restored O z evolution (60%). 
These results suggested that the peripheral 34 kDa protein of S. vulcanus possesses the determinants for 
both binding and activity reconstitution identical with those of the peripheral 33 kDa protein of spinach. 

Introduction 

Based on many disintegration and reconstitu- 
tion experiments using spinach Oz-evolving PS II 
particles, it has been revealed that three peripheral 
proteins with molecular masses of 33, 24 and 16 
kDa are involved in photosynthetic O z evolution 
[1-8]. Of these three proteins, the 24 and 16 kDa 
proteins are released from the particles by NaC1 
washing concomitant with partial loss of 02 evolu- 

Abbreviations: PS 1 and II, Photosystem I and II; Hepes, 
4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid; DCIP, 
2,6-dichlorophenolindophenol; DMQ, 2,5-dimethylbenzo- 
quinone; LDAO, lauryldimethylamine N-oxide. 

tion. The lost activity can be well restored by C1- 
and/or  Ca z + present in the reaction medium [5,8], 
so that these two proteins are considered to play a 
regulatory rather than catalytic role in 02 evolu- 
tion. The 33 kDa protein, on the other hand, has 
been shown to be removed by CaC1 z-washing con- 
comitant with total loss of O z evolution [7,9]. Even 
if the 33 kDa protein is removed, the CaClz-washed 
particles preserve Mn atoms being still associated 
with the particles, and the lost O 2 evolution can be 
significantly restored by rebinding of the 33 kDa 
protein [9]. Thus we assumed that the 33 kDa 
protein functions in maintaining the Mn atoms at 
a proper configuration in the Oz-evolving center. 
Similar particles were also prepared by Miyao and 
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Murata [10] by combination of NaC1 wash and 
urea treatment, by which they showed that a high 
concentration of CI- is effective in keeping Mn 
associated with the particles in the absence of 33 
kDa protein. 

In spite of these data rapidly accumulating as to 
the Oz-evolving system of higher plants, the 
knowledge about the Oz-evolving system of other 
photosynthetic organisms is much limited. Even 
though highly active Oz-evolving PS II particles 
have recently been prepared from several cyano- 
bacteria [11-14], only a little characterization as to 
the protein composition and the functional role of 
the proteins has so far been reported [13,14]. In 
the present communication, we report the protein 
composition of the PS II particles prepared from a 
thermophilic cyanobacterium, Synechococcus 
vulcanus Copeland, in comparison with that of 
spinach PS II particles and, in particular, the 
function of a peripheral 34 kDa protein studied by 
cross-exchange experiments with the spinach 33 
kDa protein and spinach PS II particles. 

Experimental 

Oz-evolving PS II particles of S. vulcanus were 
prepared by the procedures as described by Stewart 
and Bendall [11] with slight modifications. 
Thylakoids of S. vulcanus were treated twice with 
0.8% LDAO (LDAO/Chl = 4:1 (w/v)), and the 
solubilized thylakoids (supernatant of 100 000 x g, 
1 h centrifugation) was layered on top of a sucrose 
gradient (5-17.5% (w/v)) containing 20% glycerol 
(v/v), 5 mM MgC12, 20 mM Hepes-NaOH (pH 
7.0) and 0.05% LDAO (w/w). The gradient was 
centrifuged at 100000 x g for 36-40 h and then 
the separated bands were collected either by use of 
a syringe or a fractionator as described in [15]. The 
PS II particles thus obtained showed a high activ- 
ity of 02 evolution (10000-20000 e-/~equiv, per 
mg Chl/h,  ferricyanide photoreduction with H20 
as electron donor) at 50°C. Spinach PS II particles 
were obtained by the procedure of Berthold et al. 
[16] except that the second Triton treatment was 
omitted [7,17]. 

SDS-polyacrylamide gel electrophoresis was 
performed with the buffer system of Chua and 
Bennoun [18] containing 6 M urea as described in 
[7]. Two dimensional gel electrophoresis was per- 
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formed by the procedure of O'Farrel [19] with 
isoelectric focusing electrophoresis (pH 3.5-10) in 
the first dimension and SDS polyacrylamide gradi- 
ent gel electrophoresis (10-17.5%) in the second 
dimension. Samples for the 2-dimensional electro- 
phoresis were prepared as described by Ikeuchi 
and Murakami [20]. 

The reconstitution experiments were done 
according to the procedure described by Ono and 
Inoue [9] for spinach PS II particles. S. oulcanus 
PS II particles were suspended with a buffer solu- 
tion containing I M CaClz/10% glycerol (v/v)/20 
mM Hepes-NaOH (pH 7.0), incubated on ice for 
30 min in the dark, and then the particles were 
separated from the extract by centrifugation at 
300000 x g for 1.5 h. The particles thus obtained 
(denoted as CaClz-washed particles) were resus- 
pended in the same buffer (CaC1 z concentration 
was lowered to 50 mM) after one wash in the same 
buffer. The CaC12-extract (supernatant) was con- 
centrated in an Amicon Diaflo cell with a PM-10 
membrane filter. Various amounts of the con- 
centrated CaClz-extract were added to the suspen- 
sion of CaC12-washed particles and the mixture 
was incubated in darkness on ice for 1 h to rebind 
the extracted proteins back to the particles. The 
reconstituted particles were collected, washed twice 
with the same buffer, resuspended in 25% glycerol 
(v/v)/20 mM Hepes-NaOH (pH 7.0)/10 mM 
MgC1 z, and then the Oz-evolving activity and the 
amount of proteins rebound were determined. 

Oz-evolving activities were measured spectro- 
photometrically by ferricyanide or DCIP photore- 
duction with H20 as electron donor as described 
in Refs. 7 and 15. The relative amount of 34 (or 
33) kDa protein rebound was assayed by 
densitometry of an SDS polyacrylamide gel elec- 
trophoresis gel stained with 0.1% Coomasie bril- 
liant blue R-250. Chlorophyll concentration was 
determined by the method of Arnon [21] for 
spinach particles in 80% acetone extract, and by 
the method of Mackinney [22] for S. vulcanus 
particles in 100% methanol extract. 

Results and Discussion 

Protein composition of S. vulcanus PS H particles 
As reported previously [15], the conditions of 

LDAO treatment affected greatly the ratio of 
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solubilization of PS I and PS II from the thylakoids 
of the alga. The two step LDAO treatment used in 
the present study solubilized almost all PS II of S. 
vulcanus thylakoids, while only 5% of PS I, so that 
the supernatant after the LDAO treatment was 
rich in PS II by a factor of 20 as compared with 
the original thylakoids. 

Sucrose density gradient centrifugation of the 
LDAO-extract thus obtained yielded four colored 
bands. Fig. 1 shows a typical fractionation profile 
of those bands. The first (top) band mainly con- 
tained detergent-solubilized carotenoids with a 
small amount of chlorophyll. The second and third 
bands contained phycocyanin and allophy- 
cocyanin, respectively, and PS I was enriched in 
the third band. The fourth (bottom) band con- 
tained a large amount of chlorophyll and was rich 
in PS II. The bottom band was collected and 
centrifuged at 300 000 × g for 5 h to pellet the PS 
II particles. The PS II particles thus obtained 
evolved 02 at a high rate of 2430 and 780 #mol 
O2/mg Chl per h at 48 and 24°C, respectively, 
indicating that the particles still retained the ther- 
mophilic characteristics. Contamination of P-700 
in the PS II particles was less than 1/1500 on a 
chlorophyll basis. 
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Fig. 1. Fractionation profile of sucrose density gradient centri- 
fugation of LDAO-solubilized thylakoids of S. vulcanus. Solid 
and open circles are the absorbances at 670 and 650 nm for 
chlorophyll a and phycobilins, respectively. 

The protein composition of the PS II particles 
was analyzed by SDS polyacrylamide gel electro- 
phoresis. As shown by the densitogram in Fig. 2a, 
the particles contained about 12 proteins. By refer- 
ring to the protein composition of the PS II reac- 
tion center complex of higher plants purified by 
Satoh [23,24], the four proteins with molecular 
masses of 47, 43, 32 and 30 kDa were assigned to 
the components of PS II core complex: the 47 and 
43 kDa proteins are the two chlorophyll-binding 
proteins, the 30 kDa protein is the quinone 
(herbicide)-binding unstainable protein and the 32 
kDa protein is the nonchlorophyll-containing in- 
trinsic protein whose function remains unknown. 
The 65 kDa peak is probably a contribution by 
aggregation of 47 and 43 kDa proteins [25] judging 
from its behavior on SDS polyacrylamide gel elec- 
trophoresis: its height changes depending on pre- 
treatment conditions. The large bands in 15-17 
kDa region were colored (blue) and assigned to the 
subunits of phycocyanin and allophycocyanin (see 
later). The 34 kDa protein was assigned to a 
protein equivalent to the peripheral 33 kDa pro- 
tein (Kuwabara-Murata's protein [26,27]) of 
spinach PS II particles as will be discussed later. 

A remarkable feature of the protein composi- 
tion of the O2-evolving PS II particles from S. 
vulcanus is that they did not contain any protein 
corresponding to the peripheral 24 kDa protein 
found in higher plant PS II particles. The densito- 
gram in Fig. 2a shows a small peak in 25 kDa 
region, but this protein was shown to be an intrin- 
sic protein as discussed later. Since the 24 kDa 
protein is well known to be released by various 
washing treatments [1-6], we examined the effect 
of Tris-, CaC12- and NaCl-washing expecting to 
find the protein in the extract. On washing the S. 
vulcanus PS II particles with 0.8 M Tris-HC1 (pH 
8.4), 10 proteins were found in the extract (Fig. 
2c). The 34 kDa protein was completely extracted 
by this treatment, but no protein could be found 
in 24 kDa region. The 25 kDa peak in Fig. 2a 
could not be removed, but remained in the resid- 
ual particles (Fig. 2b). 1 M CaC12-extract also 
showed a profile with no peak in 24 kDa region 
(Fig. 2e), which was more or less the same as 
Tris-extract except that CaC12-extract contained a 
larger amount of phycocyanin and allophy- 
cocyanin. 1.5 M NaCl-extract contained an appre- 
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Fig. 2. SDS polyacrylamide gel electrophoresis profiles of S. vulcanus PS II particles before and after washing with various salt 
solutions (a) Control PS II particles; (b) 0.8 M Tris (pH 8.4)-washed particles; (c) Tris-extract; (d) 1 M CaC12-washed particles: (e) 
CaCl2-extract; (f) 1.5 M NaCl-washed particles; (g)NaCl-extract. 
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ciable amount of 34 kDa protein but no protein 
could be found in 24 kDa region (Fig. 2g). 

When the Tris-extract of S. vulcanus PS II 
particles was subjected to O'Farrel's 2-dimensional 
gel electrophoresis, the map depicted in Fig. 3A 
was obtained. Based on the isoelectric points de- 
termined on this map and also on the molecular 
masses determined on Fig. 2c profile, we could 
assign the two spots in 57-54 kDa region and a 
small spot in 33 kDa region to a, /~ and ~ sub- 
units, respectively, of the coupling factor [28,29], 
the four spots in 15-17 kDa region to a and /~ 
subunits of phycocyanin and allophycocyanin [30]. 
The 34 kDa protein showed an isoelectric point at 
pH 5.2, which is identical with the isoelect6c point 
of spinach peripheral 33 kDa protein [26,31,32]. 
Besides these proteins, three unidentified proteins 
denoted as X, Y and Z were focused at an alkaline 
isoelectric point of pH 9, and another unidentified 
protein (U) at an acidic pH of 5. X, Z and U were 
resolved in Fig. 2c profile, while Y superimposed 
on the subunit of the coupling factor. 

When the same Tris-extract was co-electro- 
phoresed with the Tris-extract of spinach PS II 
particles, the map depicted in Fig. 3B was ob- 
tained. The Tris-extract of spinach PS II particles 
contained three proteins (33, 24 and 16 kDa) 
which yielded spots at pH 5.1, 6.5 and 9.3, respec- 
tively. As mentioned above, the 34 kDa protein of 
S. vulcanus yielded a spot at an isoelectric point 
(pH 5.2) almost identical with that of spinach 33 
kDa protein. Judging from the release pattern on 
washing with various salt solutions (Fig. 2) and 
also from the similarities in molecular mass and 
isoelectric point, we can conclude that the 34 kDa 
protein of S. vulcanus is a protein equivalent to 
the 33 kDa peripheral protein of spinach. No 
protein, however, could be found in the area near 
the 24 or 16 kDa proteins. By comparing the two 
maps, Fig. 3A and B, we conclude that S. vulcanus 
PS II particles contain a protein corresponding to 
the spinach 33 kDa peripheral protein, but no 
proteins corresponding to the spinach 24 and 16 
kDa peripheral proteins. This is consistent with 
the previous suggestion by Bowes et al. for the PS 
II preparation from a thermophilic cyano- 
bacterium, Phorrnidium laminosum [14]. 

These results may not always rule out the possi- 
bility that the two peripheral proteins corre- 
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Fig. 3.2-Dimensional electrophoretogram of Tris-extract of S. 
vulcanus PS II particles (A) and that of the same sample 
coelectrophoresed with Tris-extract of spinach PS II particles 
(B). Samples were subjected to isoelectric focusing (pH 3.5-10) 
in the first dimension and then to SDS polyacrylamide gradient 
gel electrophoresis (10-17.5%) in the second dimension. (M) 
Molecular-weight markers; (a) Tris-extract of S. vulcanus PS II 
particles; (b) Tris-extract of spinach PS II particles. These 
samples were electrophoresed only in the second dimension. 

sponding to spinach 24 and 16 kDa proteins do 
not exist in the cells of this alga, since they could 
have been removed out of the PS II particles 



during the LDAO treatments. We attempted to 
detect these proteins, particularly the 24 kDa pro- 
tein, in the LDAO-extract by means of both rebi- 
nding to the PS II particles (SDS polyacrylamide 
gel electrophoresis) and enhancement of O2-evolv- 
ing activity which would accompany the rebind- 
ing. However, no indication supporting the ex- 
istence of these proteins has so far been obtained. 

Exchangeability between S. vulcanus 34 kDa protein 
and spinach 33 kDa protein in reconstitution of 0 e 
evolution 

Ono and Inoue [7,9] reported that 1 M CaC12- 
washing of spinach PS II particles results in ex- 
traction of 33, 24 and 16 kDa proteins concom- 
itant with complete loss of O2 evolution, while 
leaving all Mn atoms associated with the particles, 
and that the inhibited O2 evolution can be restored 
by rebinding of the 33 kDa protein on readdition 
of CaC12-extract to the washed particles. When the 
S. vulcanus PS II particles were washed with 1 M 
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CaCl 2, the O2-evolving activity with ferricyanide 
as electron acceptor was completely inhibited as in 
spinach PS II particles: the activities measured at 
the optimum temperature (48°C) before and after 
the CaCIE-wash were 11 500 and 370 e- /~equiv./ 
mg Chl per h, respectively. When the CaC1E-ex- 
tract was concentrated by ultrafiltration and read- 
ded to the washed S. vulcanus PS II particles, the 
34 kDa protein rebound to the particles concom- 
itant with significant restoration of 02 evolution. 
As shown by the electrophoretograms in Fig. 4A, 
however, not only the 34 kDa protein, but also 
several other proteins rebound to the washed par- 
ticles: phycobiliproteins in 15-18 kDa region, cou- 
pling factor as indicated by a, fl and "1, subunits, an 
unidentified protein X previously mentioned, and 
a protein with an approximate molecular mass of 
100000, which is similar in molecular mass to the 
so-called anchor protein reported by Redlinger 
and Gantt [33]. The content of the 100 kDa pro- 
tein in PS II particles varied greatly depending on 
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Fig. 4. Reconstitution between S. vulcanus 34 kDa protein and CaCl2-washed S. vulcanus PS II particles. (A) SDS polyacrylamide gel 
electrophoresis profiles before and after reconstitution. (a) Control PS II particles; (b) CaC12-washed particles; (c) CaCI 2-washed and 
then reconstituted particles; (d) CaC1E-extract. (B) Activity restoration titrated against the amount of CaCl2-extract readded. 02 
evolution was measured at 48°C by ferricyanide photoreduction with H20 as electron donor. Solid and open circles are the amounts 
of 34 kDa protein rebound and the activity restored, respectively. Normal and inverted triangles are the rebound amounts of the 100 
kDa protein and coupling factor, respectively. 
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the sample, almost absent in the samples used for 
Figs. 2 and 6 experiments but present at a consid- 
erable amount in the samples for this and Fig. 5A, 
lane d experiments. 

In order to confirm that the activity restoration 
is caused by rebinding of the 34 kDa protein but 
not by rebinding of the other proteins, a titration 
experiment shown in Fig. 4B was done, in which 
the extent of activity restoration and the amounts 
of the proteins rebound were plotted against the 
amount of CaC12-extract readded. As shown by 
the solid curve with open circles, the activity in- 
creased with increasing the readded amount of 
CaC12-extract to reach a saturation level. The re- 
bound amounts of all the proteins capable of 
rebinding to the particles also increased with in- 
creasing the amount of CaC12-extract, but the 
amount of the 34 kDa protein (broken curve with 
solid circles) showed the best correlation with ac- 
tivity restoration: the rebound amount of the 34 

kDa protein increased to reach saturation almost 
in parallel with the activity, while those of the 
coupling factor (v) and the 100 kDa protein (zx) 
continued increasing after the activity restoration 
reached saturation. The maximal extent of activity 
restoration in this reconstitution system was 8000 
e t tequiv./mg Chl per h (at 48°C), which was 
75-80% of the activity of the orginal PS II par- 
ticles. These results indicate that 1 M CaC12-wash- 
ing can be applied to the O2-evolving system of 
cyanobacteria and confirm that the 34 kDa pro- 
tein of S. uulcanus functions similarly to the 33 
kDa protein of spinach. 

In order to further confirm the functional role 
of S. vulcanus 34 kDa protein, we investigated the 
exchangeability between this protein and the 33 
kDa protein of spinach. We first tried a reconstitu- 
tion experiment between CaC12-extract of S. 
oulcanus PS II particles and CaC12-washed spinach 
PS II particles. Fig. 5A shows the SDS poly- 
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Fig. 5. Reconstitution between S. oulcanus 34 kDa protein and CaC12-washed spinach PS II particles. (A) SDS polyacrylamide gel 
electrophoresis profiles before and after reconstitution. (a) control spinach PS II particles; (b) CaCl2-washed spinach PS II particles; 
(c) spinach PS II particles reconstituted with S. vulcanus 34 kDa protein; (d) CaC12-extract of S. vulcanus PS II particles. (B) Activity 
reconstitution titrated against the amount of S. vulcanus CaC12 extract added. 02 evolution was measured at 23°C by DCIP 
photoreduction with H20 as electron donor. Solid and open circles are the amounts of 34 kDa protein rebound and the activity 
restored, respectively. 
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acrylamide gel electrophoresis analysis of the pro- 
tein compositoin of the spinach PS II particles 
before and after reconstitution. By CaC1 E-Washing, 
the 33 kDa protein as well as 24 and 16 kDa 
proteins was completely removed from the spinach 
PS II particles (Fig. 5A, lanes a and b). On recon- 
stitution, the 34 kDa protein of S. vulcanus re- 
bound to the spinach PS II particles, and the 
profile of the reconstituted particles showed the 
protein at a position with a mobility slightly lower 
than that of spinach 33 kDa protein (Fig. 5A, lane 
c). It is of note that among a variety of proteins 
found in S. vulcanus CaC1E-extract, the 34 kDa 
protein is the only main protein which rebound to 
the spinach PS II particles (Fig. 5A, lanes c and 
d): the amount of other proteins rebound, e.g., 
coupling factor around 47 kDa and phycobilins 
around 16 kDa, was far smaller. This suggests that 
the 34 kDa protein of S. vulcanus possesses the 
binding determinants similar to those of spinach 
33 kDa protein. 

Fig. 5B shows the activity restoration in this 
reconstitution system. The 02 evolution as mea- 
sured by DCIP photoreduction with H20 as donor 
was 1230 and 100 e-/~equiv, per mg Chl /h  before 
and after CaC12 washing, respectively, and the 
inhibition extent was about 92%. This inhibition 
extent was not as high as that measured in terms 
of 02 evolution with DMQ as electron acceptor *, 
but we had to use spectrophotometric measure- 
ments because of limitation in the amount of 
CaC12-extract available from S. vulcanus PS II 
particles. The activity increased with increasing the 
amount of CaCl2-extract added and reached a 
saturation level. This course was in good correla- 
tion with the amount of 34 kDa protein rebound 
to spinach PS II particles. The maximal extent of 
activity restoration was 350 e- /~equiv. per mg 
Chl/h.  The extent of reconstitution (28%) was 
about half of the activity reconstitution previously 
reported for spinach PS II particles [9] *. The 
results indicate that the 34 kDa protein of S. 

* The extent of inhibition by CaC12-washing and that of 
restoration by reconstitution usually depend on the way of 
activity measurement. When measured by O 2 evolution with 
DMQ as electron acceptor, the extents of inhibition and 
restoration were 98% and 28%, respectively, but when mea- 
sured by DCIP photoreduction with H20 as electron donor, 
they were 93% and 59%, respectively [9]. 

vulcanus is effective in reconstituting the OE-eVolv- 
ing activity of spinach PS II particles. 

Fig. 6 shows the results of another reconstitu- 
tion experiment with different combination, in 
which the spinach CaC1 E-extract was added to the 
CaC12-washed S. vulcanus PS II particles. As 
shown by the electrophoretogram (Fig. 6A, lanes a 
and b), S. vulcanus PS II particles contained an 
intrinsic 32 kDa protein. Since the mobility of this 
protein was almost the same as that of spinach 33 
kDa protein, it was difficult to detect the rebi- 
nding of 33 kDa protein on the densitogram of 
reconstituted particles. However, when the recon- 
stituted particles were again extracted with 0.8 M 
Tris-HC1 (pH 8.4), we could clearly observe the 33 
kDa protein in the extract (Fig. 6A, lane d), since 
the 32 kDa protein was resistant to both CaC12- 
and Tris-washing. It is of note that the Tris-extract 
contained two more proteins in 16-18 kDa region, 
but they were assigned to phycobiliproteins which 
partly remained in the particles after CaC1 E-Wash- 
ing and were partly extracted by Tris-washing of 
the reconstituted particles. It is also of note that 
neither the 24 nor the 16 kDa proteins of spinach 
rebound to S. vulcanus PS II particles. Thus, by 
Tris-washing of the reconstituted particles, we 
could confirm the rebinding of spinach 33 kDa 
protein to S. vulcanus PS II particles and also 
could estimate the amount of this protein rebound 
to the particles. 

The activity reconstitution in S. vulcanus PS II 
particles versus spinach 33 kDa protein system is 
shown in Fig. 6B. In this experiment, the activity 
was measured at 23°C, since the reconstitution 
system involved a nonthermophilic protein, the 33 
kDa protein of spinach. The S. vulcanus PS II 
particles used for this experiment showed an O E- 
evolving activity of 18 200 e- #equiv. per mg Chl /h  
as measured by ferricyanide photoreduction at 
48°C, which was inactivated to 870 e-/~equiv, per 
mg Chl /h  (4.8%) by CaC1E washing. On lowering 
the temperature to 23 o C, the activity of non-treated 
particles was lowered to 4640 e- /~equiv. per mg 
Chl/h,  while the residual activity observed after 
CaC12-washing did not show temperature depen- 
dence, so that the apparent inhibition extent by 
the CaC12-washing at 23°C was as low as 82%. At 
present, we cannot give any reasonable interpreta- 
tion for this phenomenon. As shown by the two 
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Fig. 6. Reconstitution between spinach 33 kDa protein and CaC12-washed S. vulcanus PS II particles. (A) SDS polyacrylamide gel 
electrophoresis profiles before and after reconstitution. (a) Control S. vulcanus PS II particles; (b) CaC12-washed S. vulcanus PS II 
particles; (c) S. vulcanus PS II particles reconstituted with spinach 33 kDa protein; (d) 0.8 M Tris-extract of the reconstituted 
particles; (e) CaCl2-extract of spinach PS lI particles. (B) Activity restoration titrated against the amount of spinach CaCl2-extract 
added. 02 evolution was measured at 23°C as ferricyanide photoreduction with H 20 as electron donor. Solid and open circles are the 
amounts of 33 kDa protein rebound and the activity restored, respectively. 

curves in Fig. 6B, the extent of activity restoration 
increased with increasing the amount of CaC12-ex- 
tract of spinach PS II particles. However, the 
activity restoration was not always in good corre- 
lation with the amount of 33 kDa protein re- 
bound: the activity reached saturation, while the 
rebinding amount was still increasing. This would 
be due to either an incomplete matching, an un- 
balanced ability of the cyanobacterial protein in 
activity restoration and rebinding in the spinach 
system, or partial denaturation of the protein which 
would have caused preferential loss of activity-re- 
storing ability, while retaining the rebinding abil- 
ity. In spite of this incomplete correlation, the 
results depicted in Fig. 6 show that spinach 33 
kDa protein is effective in restoring the 02 evolu- 
tion of CaC12-washed S. vulcanus PS II particles. 
The reconstituted particles did not show any activ- 
ity at 48°C. Probably, the 33 kDa protein will 
loose its function or will be released from the 
particles at such a high temperature. 

Concluding remarks 

The present study indicated that the 33 kDa 
protein of spinach and the 34 kDa protein of S. 
vulcanus are cross-reactive: S. vulcanus 34 kDa 
protein is capable of binding to spinach PS II 
particles, and vice versa, as well as to its own 
original counterpart, and every combination of 
rebinding results in significant restoration of 02 
evolution. These results suggest that the determi- 
nants for both binding and activity restoration are 
common between the two peripheral proteins. 
Probably the structure and function of these pro- 
teins have been conserved during the evolutionary 
process from Cyanophyta to Tracheophyta. 
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