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The extrinsic 18-kDa protein in spinach Photosystem-II particles was specifically released from the 
membrane by the treatment with 0.5 M NaC! and 20% methanol at pH 6.5. The NaCI-methanol treatment 
was used in combination with the treatments with 2 M NaC! (pH 6.5) and 0.8 M Tris-HC! (pH 8.4) for 
developing a new procedure for the purification of the subunit proteins (the extrinsic 33-, 24- and 18-kDa 
proteins) of the oxygen-evolution enzyme complex from spinach chloroplasts. The three extrinsic proteins 
were liberated from the membranes almost completely and specifically by the simple washing procedure 
employed here. As no chromatographic step was required for the purification of the proteins, the time for the 
purification was considerably shortened and the yields of the proteins, especially of the 24- and 18-kDa 
proteins, were significantly improved. 

Three peripheral proteins of PS II having 
molecular masses of 33, 24 and 18 kDa are com- 
prised in the so-called oxygen evolution enzyme 
complex in chloroplasts (for reviews, see Refs. 1 
and 2). Of these proteins, the 33-kDa protein was 
first isolated from spinach PS-II particles with 
sonic oscillation and isoelectric focusing [3]. The 
protein was shown to be associated with PS II, but 
its exact role was not known at that time. Later, 
the 33-kDa protein as well as the 24- and 18-kDa 
proteins were found to be released from the PS-II 

Abbreviations: PS II, Photosystem II; PS-II particles, mem- 
brane fragment enriched in Photosystem II; Mes, 4-morpho- 
lineethanesulfonie acid; HPLC, high-performance liquid chro- 
matography. 

Correspondence: Y. Yamamoto, Department of Biology, Fa- 
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membranes by "Iris treatment which inhibited 
oxygen evolution specifically [4], and since then 
considerable attention has been attracted for the 
purification and characterization of the proteins. 

The isoelectric points of the three proteins are 
different from each other by more than 1.5 pH 
unit [5]; and isoelectric focusing or ion-exchange 
chromatography has been used for the purification 
of the proteins [3,5-8]. As to the 33-kDa protein, 
the condition for the purification was optimized 
both in the efficiency of the procedure and the 
yield of the protein by the use of butanol/water 
phase partitioning and anion-exchange column 
chromatography [8]. On the other hand, the purifi- 
cation of the 24- and 18-kDa proteins was labori- 
ous because the repeated chromatography was re- 
quired for the reasonable purification of the pro- 
teins. As the procedures employed for the purifi- 
cation of these proteins needed usually a long 
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time, the proteins were sometimes partially de- 
graded in the purification. In order to avoid these 
problems, we developed a new procedure which 
enable us to purify large amounts of the three 
peripheral proteins in a short time. 

Oxygen-evolving PS-II particles were prepared 
from spinach chloroplasts by brief sonication (30 s 
at 0 o C) and Triton X-100 treatment as previously 
described [8]. The PS-II particles were suspended 
in the minimum volume of the solution containing 
0.33 M sorbitol, 50 mM Mes and 0.12 M NaC1 
(pH 6.5) and stored at liquid nitrogen before use. 
For the treatment of the PS-II particles with NaC1 
and methanol, the PS-II particles were once 
washed with a solution containing 0.33 M sorbitol 
and 50 mM Mes by the centrifugation at 35 000 × g 
for 30 min and incubated in a solution containing 
50 mM Mes (pH 6.5), NaC1, and methanol at the 
chlorophyll concentration of 1 mg /ml  for 10 min 
at 4 o C. The concentrations of NaC1 and methanol 
were varied from 0 to 1 M and from 0 to 20%, 
respectively. The PS-II particles treated with 
NaC1/methanol  were then centrifuged at 35000 
x g for 30 min. The supernatnat containing the 
18-kDa protein exclusively was dialyzed against 
distilled water and concentrated by ultrafiltration 
with an Amicon ultrafiltration cell model 52 with 
a YM 10 filter. The precipitate of the centrifuga- 
tion was incubated with a solution containing 50 
mM Mes (pH 6.5) and 2 M NaCI at 1 mg chloro- 
phy l l /ml  for 10 min to remove the 24-kDa pro- 
tein from the PS-II particles. The suspension was 
recentrifuged at 35 000 x g for 30 min. 

The supernatant was dialyzed and concentrated 
by ultrafiltration, and the precipitate was finally 
incubated with 0.8 M Tris (pH 8.4) at 1 mg 
chlorophyl l /ml  for 10 min. After the centrifuga- 
tion of the suspension at 35 000 x g for 30 rain, 
the supernatant was collected, dialyzed against 
distilled water and concentrated. For the estima- 
tion of the yields of the proteins, the supernatant 
fraction in each washing step extensively dialyzed 
against distilled water was lyophilized and the 
amounts of the proteins were weighed. SDS-poly- 
acrylamide gel electrophoresis was carried out 
according to Laemmli's method with a 4% stack- 
ing and a 12.5% resolving gels [9]. 

Of the three peripheral proteins involved in 
oxygen evolution, the 24- and 18-kDa proteins are 

known to be removed from the membranes by the 
treatment of the PS-II membranes with high con- 
centration of NaC1 (250 mM-1 M) [7,10,11]. With 
such a high concentration of NaC1, however, both 
the proteins were released together from the mem- 
branes and further chromatographic steps were 
required to separate the two proteins from each 
other. As the 24- and 18-kDa proteins have differ- 
ent p l  values and were expected to have different 
sensitivity to the salt, we first examined the effects 
of the lower concentrations of NaCI in removing 
the two proteins from the PS-II membranes (Fig. 
1A). Apparently there was difference in the sus- 
ceptibility of the two proteins to the NaCl-treat- 
ment, and the 18-kDa protein was easily released 
from the membranes at the lower concentration of 
NaC1 as compared with the 24-kDa protein. The 
half-maximum concentrations of NaC1 effective in 
releasing the 18- and 24-kDa proteins were 0.15 
and 0.5 M, respectively. Under these conditions, 
however, the separation of the 18-kDa protein 
from the 24-kDa protein was still poor, and 
another strategy was required to solve the prob- 
lem. We examined the effects of washing the PS-II 
particles with various concentrations of NaCI in 
the presence of methanol (Fig. 1B). 

Alcohol is known to alter the inter a n d / o r  intra 
molecular interaction in the membrane proteins 
and induces changes in the stability of these com- 
ponents on the membranes. Methanol itself was 
not effective in releasing the peripheral proteins 
from the membranes when it was used alone. As 
to the 18-kDa protein, there was no change in the 
pattern of release of the protein between the 
NaCl-treatment and the NaC1/methanol  treat- 
ment of the PS-II particles (Fig. 2A). However, 
methanol suppressed the release of the 24-kDa 
protein from the membranes significantly when it 
was included in the NaC1 solution containing 50 
mM Mes (pH 6.5) for the NaCl-treatment of the 
PS-II particles (Fig. 2B). The concentration of 
methanol optimum for the suppression was 
10-20%. A higher concentration of methanol was 
not used here to avoid the solubilization of the 
other membrane components such as chlorophyll 
from the membranes. 

The 33-kDa protein was not removed from the 
membranes at all under the present conditions. 
Thus the 18-kDa protein was easily obtained in 
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Fig. 1. Release of the peripheral 33-, 24- and 18-kDa proteins 
from the membranes of the spinach PS-II particles by the 
treatment with NaC1 and methanol. The PS-II particles were 
washed with NaCI solution of 0-1 M in the absence (A) or 
presence (B) of 20% methanol at the chlorophyll concentration 
of 1 mg/ml. The amounts of the proteins released were esti- 
mated from the densitogram of SDS-polyacrylamide gel elec- 
trophoresis for the supernatant fractions obtained by centrifu- 
gation of the NaC1 or NaCl-methanol treated PS-II particles. 
Complete release of the proteins from the membranes was 
attained by washing the PS-II particles with 0.8 M Tris (pH 
8.4) twice, and the amounts of the three proteins released by 
this procedure were taken as 100% in the ordinate, zx, the 
33-kDa protein, e,  the 24-kDa protein, O, the 18-kDa protein. 

the supernatant of the centrifugation after the 
NaC1/methanol treatment of the PS-II particles. 
(Fig. 2A and Fig. 3, lane 2). After the 18-kDa 
protein was removed from the membranes by 
NaCl /methanol  treatment, the PS-II particles 
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Fig. 2. Dependence of the release of the 24- and 18-kDa 
proteins from the PS-II membranes on the concentrations of 
NaCl and methanol in the NaCl-methanol treatment. (A) The 
18-kDa protein. (B) The 24-kDa protein. The amounts of the 
24- and 18-kDa proteins released from the membranes were 
estimated as described in Fig. 1. The concentrations of methanol 

used were 0% (C)), 5% (I), 10% (zx) and 20% (&). 

were washed with 2 M NaC1 to release the 24-kDa 
protein (Fig. 3, lane 4). In the previous work, 1 M 
NaCI was used to remove the protein from the 
membranes [7], but a higher concentration of NaC1 
was found to be more appropriate for the com- 
plete removal of the 24-kDa protein from the 
membranes. The 33-kDa protein remained in the 
membranes after the NaC1/methfinol and the 
NaC1 treatments was isolated by the treatment of 
the PS-II particles with 0.8 M Tris (pH 8.4) (Fig. 
3, lane 6). The yields of the three proteins ob- 
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Fig. 3. An SDS-polyacrylamide electrophoresis gel showing the 
purification of the three proteins from the PS-II particles. The 
PS-II particles were washed stepwise with 0.5 M NaCI-20% 
methanol (pH 6.5), 2 M NaCI (pH 6.5), and 0.8 M Tris (pH 
8.4), and the supernatant obtained after each treatment was 
applied to SDS-polyacrylamide gel electrophoresis. To de- 
termine the proteins which remained on the membranes after 
each treatment, the precipitates obtained after the treatments 
were washed with 0.8 M Tris and the supernatants were also 
applied to SDS-polyacrylamide gel electrophoresis. Lane 1, the 
supernatant of Tris-washing of the PS-II particles showing the 
peripheral proteins (the 33-, 24- and 18-kDa proteins) in PS II. 
The 24-kDa protein was usually detected as a diffused band. 
Lane 2, the supernatant of the NaCl-methanol-treated PS-II 
particles. Lane 3, the supernatant of Tris-washing of the 
NaCl-methanol-treated PS-II particles. Lane 4, the supernatant 
of 2 M NaCl-treated PS-II particles. Lane 5, the supernatant of 
Tris washing of the NaCl-treated PS-II particles. Lane 6, the 
PS-II particles. Far left lane shows marker proteins. The 

molecular masses are shown in kDa. 

t a ined  by  the present  p rocedure  is summar ized  in 
Tab le  I with the yields ob t a ined  by  o ther  me thods  
[8,12]. Judging  f rom the dens i tograms  of  SDS- 
po lyac ry l amide  gel e lectrophoresis ,  the amount s  of  
the 33-, 24- and  18-kDa pro te ins  pur i f ied  b y  this 
p rocedure  were 80-90% of  the to ta l  p ro te ins  origi-  
na l ly  present  in the PS-I I  part ic les .  

Incuba t ion  of  the pSolI  par t ic les  in NaC1- 
methanol ,  NaCI ,  and  Tris  for more  than  10 min  
d id  not  affect  the yield of  the proteins .  I t  was also 
d e m o n s t r a t e d  tha t  10 min  cent r i fuga t ion  at  35 000 
× g was enough for  ob ta in ing  the supe rna tan t  
f ract ions  af ter  washing  the PS-I I  par t ic les  wi th  
NaCl -me thano l ,  NaC1, and  Tris,  a l though we used 
30 min  cent r i fuga t ion  for  this purpose .  

In  the present  procedure ,  we used the PS-I I  

TABLE I 

COMPARISON OF THE YIELDS OF THE THREE PRO- 
TEINS PURIFIED BY THE NaCI-METHANOL-, NaCI-, 
AND TRIS-TREATMENTS OF THE PS-II PARTICLES 
WITH THOSE PURIFIED BY OTHER PROCEDURES 

Molecular mass of 
proteins 
(kDa) 

Amounts of proteins obtained 
(~ g/rag chlorophyll) 

this ion-exchange HPLC c 
method a chromatography b 

33 71 83 58 
24 59 15 
18 25 - 8 

a The supernatant fractions obtained by the treatment of the 
PS-II particles (equivalent to 1 mg chlorophyll) with NaC1- 
methanol, NaC1, and "Iris were dialyzed for 5 days against 
distilled water. The extensively dialyzed fractions were then 
lyophilized and the amounts of the proteins were weighed. 

b From Ref. 8. 
c From Ref. 12. 

enr iched par t ic les  f rom spinach  ch loroplas t s  as the 
s ta r t ing  mate r ia l  and  employed  a s imple  stepwise 
washing  p rocedure  with N a C 1 / m e t h a n o l ,  NaCI  
a n d  Tris  buffer  for  l ibera t ing  the three pro te ins  
f rom the PS-I I  membranes .  Suppress ion  of  the 
release of  the  24 -kDa  pro te in  f rom the PS-I I  mem-  
b ranes  observed in N a C l - m e t h a n o l  t rea tment  was 
the basis  for  separa t ing  the 18-kDa pro te in  f rom 
the 33- and  24-kDa  pro te ins  of PS II.  These  
effects of  NaC1 and  a lcohol  were not  p rominen t  
when methano l  was rep laced  b y  e thanol  or  p ro-  
panol .  I t  is p r o b a b l e  tha t  the solvent  used here 
exer ted  an inf luence on the s tabi l i ty  of  the p ro-  
teins on the membranes .  The  new p rocedure  for 
the pur i f ica t ion  of  the three pro te ins  d id  not  re- 
quire  the compl i ca t ed  and  t ime-consuming  chro-  
m a t o g r a p h y  steps. In  spite  of  the s impl ic i ty  of  the 
whole  procedure ,  the yields  of  the pur i f ied  p ro-  
teins were qui te  high and  no degrada t ion  of  the 
p ro te ins  was de tec ted  dur ing  the pur i f ica t ion  judg -  
ing f rom the SDS-po lyac ry l amide  gel electro-  
phores is  of  the proteins .  
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