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A simple and rapid procedure has been designed for isolation of a highly active Photosystcm II (PS II) subfraction from the 
cyanobacterium Synechocystis 6803. The thylakoid membranes used as starting material were isolated flom cells trcated with red 
light to increase the relative PS !I content. The cell walls were broken in a glass-bead cell disruptor. The isolated thylakoids were 
pretreated with 0.01% dodecyl/3-maltoside, followed by xolubilization in 2.5t~ ~ Triton X-100 to selectively extract photosystem I. 
The membrane residue, still containing PS II, was collected by a rapid differential centrifugation. The isolation PS II membranes 
possess rates of oxygen evolution as high as 2800-3200 ptmol Oz/mg Chl h, and a low proportion of contaminating photosystem 
i. The yield of PS II is 30-35% on a PS II activity basis. Typically, PS II membranes corresponding to 2 mg of chlorophyll could 
be obtained within 6 h of preparative work, including the cell breakage. The purity and high intactness of the material allowed 
EPR analysis of various PS II parameters, including signal II~lo ~ and the S., state multiline signal. Considering the simplicity of 
the subfractionation procedure, the high yield and functional intactness, this preparation should have the potential of playing the 
same important experimental role for studying PS !I in Synechocystis 6803 as the so called BBY-preparation has played for 
studies on PS II from plants. In particular, the preparation should be essential for studies on structure-function relations after 
site-directed mutagenesis of various PS II subunits in Synechoo,stis 6803 cells. 

introduction 

A number of recent advances in photosynthesis re- 
search have contributed to the understanding of the 
molecular structure and function of Photosystem 11 (PS 
1I) of higher plants and cyanobacteria. The crystallo- 
graphic determination of the three-dimensional struc- 
ture of photosynthetic purple bacteria reaction centres 
[1], together with isolation of a homologous reaction 
centre complex from higher plants [2,3] have enabled 
detailed predictions of PS 1I reaction centre structure 
[4-7]. For experimental studies on the structural and 

Abbreviations: Chl, chlorophyll; DMSO, dimethyl sulphoxidc; Hepes, 
4-(2-hydroxyethyl)-l-piperazineethanesulphonic acid; Mes, 4-mor- 
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quinone; PS, photosystem; SDS, sodium dodecyl sulphate; Tes, N- 
tris(hydroxymethyD-methyl-2-aminoethanesulphonic acid; Tyr D, tyro- 
sine 160 of the D2 polypeptide; Tyr z, tyrosine 161 of the DI 
polypeptide. 
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functional aspects of PS II, the use of molecular biol- 
ogy method.~ such as site-directed mutagenesis and 
gene deletion has increased [8,9]. 

In particular, the cyanobacterium Synechocystis 6803 
has proven to be very suitable for studies of PS Ii, 
since this strain is a facultative photoheterotroph [I0] 
which is naturally competent for transformation [11]. 
This means that it possesses a mechanism for uptake of 
exogenous DNA and incorporation into the chromo- 
some by homologous cross-over. Synechocystis 6803 has 
already been used for construction of a number t,f PS 
II mutants [12-18]. However, this approach is limited 
by the lack of adequate biochemical procedures for 
preparation of active, oxygen-evolving PS I1 mem- 
branes from Synechocystis 6803. One important crite- 
rion for these preparations must be, besides possessing 
a functional photosynthetic apparatus, that they are 
sufficiently pure to allow finely tuned spectroscopic 
analysis, i:l particular EPR, of various PS I1 compo- 
nents. 

There are two major problems with obtaining such a 
preparation; the difficulty of maintaining functional 
water-oxidation throughout the preparation and the 
removal of contaminating PS i, which tends to mask 
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EPR signals originating from PS 11. The latter diffi- 
culty is partly duc to the fact that the thylakoid mem- 
brane of Syncchot'ystis 68(13 may contain up to 5 times 
as much PSI as PS II [19]. 

In this work wc have sclcclivcly extracted PSi from 
the thylakoid membranes of Synecho(Tstis 68t)3 by a 
mild solubilization procedure and isolatcd highly ,tctivc 
PS-II-cnriched membranes. The procedure is simple 
and rapid, has a high yield and rcsuits in a PS II 
preparation which has low PS 1 content and is suitable 
for EPR spectroscopy. 

Materials and Methods 

Triton X-100 (purified for membrane research)was 
obtained from Bochringer-Mannheim and dodecyl fl- 
D-maltosidc trom Calbiochcm. 

Cell cultit'ati¢m 
Thc Synechoo'stis 6803 cclis wcrc grown at 33°C in 

BG-II medium with 5 mM Tes (pH 8.0) in 10 litre 
flasks under a 5% COz/air atmosphere and subjected 
to white light (10(I gE cm -2 min ~)  [211]. When the 
culture reached latc log phasc the light source was 
fitted with red filters (cut off 650 nm). The cells were 
harvested after 12 h of red-light treatment. 

Thylakoid preparation 
Thylakoid membranes were prepared (Fig. 1) by a 

modified version of the method described by Nilsson et 
al. [21], in which the cells are incubated in a medium 
with a high sucrose concentration [22], and the cell-wall 
broken by homogenization in a glass-bead cell disrup- 
tor [19]. The cells were harvested in late log phase and 
washed once in medium A (50 mM Hepes (pH 6,5), l0 
mM MgCl 2, 30 mM CaCI.~, I M sucrose, 25% (v/v) 
glycerol), and resuspended to a concentration of 0.5 mg 
khl/ml. After 1 h incubation on ice, 2 g of glass beads 
(Braun-Melsungen, 0.17-(}.18 ram) were added for 
every ml of the suspension and cells were subjected to 
15 disruptions of 20 s spaced with 4 rain cooling 
intervals in a 'Bead-Beater' homogenisator (Biospec 
Products) operated at 2°C. Unbroken cells and cell 
debris were pelleted by centrifugation at 6000 x g for 
20 min. The pellet was resuspended and centrifuged 
again to reclaim thylakoid membranes cosedimenting 
with the intact cells. The two supernatants were pooled 
and centrifuged at 100000 x g  for 45 min. The pellet 
was resuspended in medium B (50 mM Hepes (pH 6.5), 
10 mM MgCl 2, 3(1 mM CaCl 2, 0.2 M sucrose, 25% 
(v/v) glycerol), containing 5% {v/v) DMSO. The iso- 
lated thylakoid membranes were stored in liquid nitro- 
gen for further use. 

Preparation of PS II membranes 
The thylakoid preparation was suspended in medium 

B to a concentration of 3.0 mg Chl/ml. Dodecyl /3- 

maltosidc (from a (i.5¢~ stock solution) was added to a 
final concentration of 0.01% (w/v)and the suspension 
was gently agitated for I rain. An equal volume of 
medium B containing 5';( ~ (w/v) Triton X-I(Xl was 
added to the thylakoid suspension and the mixture was 
gently stirred for 31) s. Twice the initial volume of 
medium B containing 10 mM LiCIO 4 was added and 
the suspension was centrifuged at 201100 x g for 15 
rain. The pellet was discarded. The supernatant was 
collected and centrifuged at 100000 × g  for 45 min 
(Fig. 1). All preparation steps were performed at 40<2 
and dim light. The pelleted material was finally resus- 
pended in medium B, frozen in liquid nitrogen and 
stored at -80°C. 

By increasing the Triton X-100 concentration in 
medium B to 5.2%, giving a final concentration of 
2.6% during the solubilization, the purity of the PS II 
preparation could be increased. However, in these 
high-purity preparations the yield decreased. 

Char, wteriza lion of the preparation 
During the initial optimization of the detergent sol- 

ubilization conditions, the efficiency of the different 
solubilization procedures were monitored by sucrose 
gradient centrifugation, using gradient systems from 
0.2-2 M sucrose in 5(1 mM Hepes (pH 6.5), 10 mM 
MgCI2, 30 mM CaCI 2, I).2 M sucrose, 25% (v/v) glyc- 
erol with addition of appropriate detergents. 

PS II oxygen-evolving activity was assayed at 22°C 
using a Clark-type electrode. 77 K fluorescence emis- 
sion spectra were recorded using a Perkin-EImer LS 50 
fluorescence spectrophotometer. Samples containing 20 
t.tg Chl/ml were excited at 433 _+ 5 nm. 

PTmJ content was estimated by measuring light-in- 
duced absorbance changes at 700 nm. Absorbance dif- 
ference spectra between ascorbate-reduced and light- 
oxidized samples were recorded using a Shimadzu UV- 
3000 spectrophotometer. An absorption coefficient of 
64 mM t e m -  t was used to calculate the P7tM~ content 
[23]. 

SDS-P,~GE was performed in the buffer system of 
Laemmli [24] at 4°C with a 12-22.5% potyacrylamide 
gradient in the presence of 4 M urea [25]. 

EPIC spectroscopy 
X-band low-temperature and room-temperature 

EPR spectra were recorded at 9.239 and 9.77 GHz 
microwave frequency, respectively, with a Bruker ESP- 
300 spectrometer equipped with an Oxford Instru- 
ments liquid He cryostat. The data were processed 
using the ESP-300 program. The samples were illumi- 
nated, when required, at 200 K for 10 min with a 1000 
W projector, using an unsilvered Dewar containing 
solid COje thanol  for cooling. EPR Signal Ils~ow, from 
TyrD+, was measured in the dark whereas Signal IIfa+,, 
from Tyrz+, and Signal I from PTmr in P S i  were 
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Fig. 1. Preparation scheme for thylakoids and oxygen-evolving PS Ii 

membranes from Synechocystis 6803. 

recorded at room temperature under continuous illu- 
mination using heat-filtered saturating white light. 

Results 
Cell cultivation 

The high relative PSI content in Synechocystis 6803 
is a major problem when purifying PS II particles. To 
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increase the proportion of PS ii in the thyl;~kt,ids ~c 
subjected the cells to red light the last 12 11 prior to 
harvesting. Red light is predominantly ;lbsorbcd by PS 
I and consequently the relative PS II conlcnt is in- 
creased to compensate for the unbalanced c×citation. 
This treatment of the cells increased the oxygen ew)lu- 
tion relative to chlorophyll concentration in the iso- 
lated thylakoid prcparation with approx. 70¢,~, from 
about 30t)/,tmol O: /mg  Chl per h to about 5IX) #tool 
O , / m g  Chl per h. Prolonged periods of red light 
treatment did not further increase the relative PS ii 
content as judged by measurements of oxygen evolt; 
tion. 

ThylakoM preparation 
The thylakoid preparation is based on a procedure 

described earlier in Ref. 2i, using a glass-bead homog- 
enizer ior disruption of the cyanobacterial cell wall 
[19]. The following improvcments were adopted to 
improve the quality of the isolated thylakoids. 1 M 
sucrose was included in the preparation medium, since 
incubation in a medium with high sucrose concentra- 
tion prior to fragmentation allows for prolonged dis- 
ruption intervals and increases the yield without loss of 
PS II activity [22]. Increasing the length of cooling 
intervals between the disruptions from 1.5 min to 4 rain 
allowed the number of disruptions to be increased 
from 5 to 15 without loss of PS 11 activity. Moreover, 
the homogenized cells were centrifuged for a longer 
time to ensure that no intact cells or cell debris con- 
taminated the thylakoid membrane preparation. The 
oxygen-evolving activity of this preparation was about 
500-600 /,tmol O2/mg ChI per h and the yield on a 
chlorophyll basis was as high as 80%. 

Preparation of oa3"gen-et'olcing PS-ll-enriched mere- 
branes 

The PS 11 preparation was isolated from the cyano- 
bacterial thylakoid membranes by a combination of 
dodecyl/3-maltoside and Triton X-100 detergent treat- 
ment and a simple differential centrifugation proce- 
dure (Fig. 1). A typical preparation has a yield of 
approx. 30% based on PS II oxygen-evolving activity 
and possesses rates as high as 2800-3200 tzmol O2/mg 
Chl per h (Table I). The functional intactness, in 
combination with a relatively low PSI  contamination, 
makes the material suitable for EPR analysis (see 
below). 

Initially a number of different detergent treatments 
were tested with the aim of finding conditions for 
selective extraction of PSI from the membrane without 
loss of oxygen-evolving capacity. Triton X-100, dodecyl 
/3-maltoside, SB 12 and octyl ¢l-D-glucoside were all 
tried at different concentrations and combinations. 
Their ability to extract PS 1 was monitored by sucrose 
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gradient centrifugation, and the intactness of PS II was 
assayed by measurement of oxygen evolving rates. Tri- 
ton X-l(){I solubilization resulted in an appreciable 
c~traction ol l'S I fro1,1 the membrane, but also in a 
severe loss of oxygen evolving activity. We could not 
obtain a selective extraction of PS ! in appreciabh: 
am,~unts using the o, hcr detergents. It was found that 
the best solubilization conditions were obtained by 
2.59;, Triton X-I[#t in combination with a pretreatment 
with 0.01% dodecyl /~-maitoside (Fig. 1). Due to the 
natural variability, in the thylakoid material the solubi- 
lization procedure has to be carefully optimized for 
different batches by a small-scale test preparation, 
unless care is taken to grow the Synechocystis cells and 
prepare thylakoids under highly reproducible condi- 
tions. 

Initially sucrose gradient ccntrifugation for a pro- 
longed period (up to Ifi h) was used to isolate the PS II 
membranes fi~llowing solubilization. This resulted in a 
pronounced dccreas.'.' of oxdgen-evolving activity. In 
order to minimnzc tt;: time required for centrifugation, 
a simple and rapid fractionated centrifugation proce- 
dure was designed (Fig. 1). It was found that in the 
presence of 200 mM sucrose at 11~1000 × g for 45 min, 
the PS ii enriched membranes sedimented, whereas 
most of the PS 1 was found in the supernatant. 

The entire preparation could be completed within 6 
h, including the time required for cell breakage and 
isolation of thylakoids. Typically, a preparation starting 
from cells containing 50 mg chlorophyll yielded PS tl 
membranes containing 2 mg chlorophyll. Starting from 
thylakoids, the preparation can be completed in 90 
min. 

Characterizatwn of isolated PS II membranes 
Oxygen evolution rates of approx. 2800 #mol O: /mg 

Chl per h were frequently obtained (Table l). Rates as 
high as 3200 #moi Oz/mg Chl per h could be obtained 
by increasing the final Triton X-100 concentration to 
2.6% (Table I), 

The yield, based on PS II oxygen-evolving activity, 
varies from about 30-35% down to 1-2% depending 
on the desired purity. A typical high-yield preparation 
usually has a PS l : PS II ratio of about 1 : 3-4, which is 
sufficiently pure to allow for EPR measurements of PS 
II signals. 

P70o w a s  measured in the PS II membranes to esti- 
mate their PS I contamination (Table 1). The Chl/PT0 o 
ratio was increased to 890 in the PS II isolated mem- 
branes from approx. 150 in the initial red-light treated 
thylakoids. These values demonstrate a pronounced 
degree of purification of PS II, although it is difficult 
to translate them directly to purification efficiency, 
since different antenna sizes for PS l in Synechocystis 
6803 have been reported and PS I may lose chlorophyll 
during the extraction procedure [26,27]. 
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Fig, 2, 77 K fluorescence emission spectra oblained from PS !I 
membranes  ( . . . . .  } and thylakoids prepared from white-light-grown 
( - -  • - -  ) and red-light-treated ( ) S)'nechoo,stis 6803 cells. The 
excitation ~avelenglh was 433 ± 5 am and the samples contained 20 

mg Chl /ml .  

Another method to estimate the purity of the iso- 
lated PS II membranes is by 77 K fluorescence emis- 
sion measurements, using an excitation wavelength of 
433 nm (Fig. 2). The emission maxima at 685 nm and 
695 nm are emitted by PS II chlorophyll a species, 
whereas the 720 nm maximum is emitted by chloro- 
phyll a associated with P S i  [28]. Spectra obtained 
from thylakoids prepared from cells not subjected to 
red light prior to harvesting show only weak PS It 
emission (Fig. 2), whereas in thylakoids from red-light 
treated cells the PS It emission is enhanced. The 
spectrum obtained from PS It membranes is clearly 
dominated by the fluorescence maxima at 685-695 nm, 
whereas the PSI emission at 720 nm remains only as a 
minor shoulder (Fig. 2). 

SDS-PAGE analysis of the PS II preparation re- 
solves approx. 25 polypeptides and shows a consider- 
ably simpler polypeptide pattern compared to the start- 
ing thylakoid material (Fig. 3). This is due principally 
to the removal of phycobilisome proteins and PS I 
subunits. Only a weak, diffuse band could be detected 
in the 60-70 kDa region, which may represent psaA 
and psaB gene products from residual contaminating 
P S I  [29]. This rather complex polypeptide pattern, 
together with the fact that PS II material is easily 
pelleted, suggests that the PS II preparation consists of 
membrane sheets rather than individual protein com- 
plexes. This is further supported by electron mi- 
croscopy analysis, which reveals the presence of mem- 
brane sheets in the preparation (not shown). 
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Fig. 3, Polypeptide analysis of the PS-II-enriched membranes (lane 
A) and thylakoid membranes (B) from Synechocyszis 6803 by SDS. 

PAGE in the prescence of 4 M urea. 

EPR spectroscopy 
Signal ll~t~ is an useful EPR signal for the donor 

side of PS ll that originates from a dark-stable oxidized 
tyrosine residue, Tyro.,, on the D2 protein (D2Tyrl60) 
[30,31]. Both in the unfractionated thylakoids and the 
isolated PS II membranes the spectrum of Signal ll~to,,, 
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has th,. ,,ame g-valuc (g = 2.0046) and lincwidth ( 18 G) 
as for PS II in higher plants. Similar to the situation in 
other cyanobacleria, the spcctrutn is ic.~s well-resolved 
than in higher plants. 

As an additional probe for the purification of PS 11 
from PS ! wc mcasured thc EPR spcctrum in the 
radical region both in the dark and in the light. Oxi- 
dized tyrosine/chlorophyll was estimated by compar- 
ing Signal ll,to,, in the dark in thylakoids and PS !1 
membranes obtained from Synechocystis 6803 with that 
of PS !I membranes from spinach thylakoids. The PS II 
membranes from spinach contains 220-250 chloro- 
phylls per PS 11 reaction centre [32]. in the starting 
thylakoid membranes the Signal !I~,,,,. in the dark 
amounts to one oxidized tyrosine per approx. 650-750 
chlorophylls, whereas in the PS !I particles it amounts 
to one oxidized tyroslne per 45-55 chlorophylls. 

Continuous illumination at room-temperature re- 
suits in the oxidation of PT~b. This has a featureless 
radical signal at g--2.0026 (linewidth 7-8 G) which 
dominates the spectrum recorded under illumination in 
the thylakoid membranes (Fig. 4A, top spectrum). 
Double integration of the spectra rccorded in the dark 
and during illumination reveals that the PS 1I to PSI  
ratio in the thylakoids was about 0.2. Thus, the EPR 
signal from PT~N~+ totally dominates the EPR spectrum 
under illumination, which is one of the main reasons 
why unfractionated thylakoids from Synechocystis 6803 
are quite unsuitable for EPR studies on the donor side 
of PS !I. In the purified PS II membranes, however, 
the illumination induced only a small signal from PTc~), 
on top of Signal ll,to,, (Fig. 4B). The ratio of PS II to 
P S I  in the isolated PS Ii membranes depends on the 
detergent treatment. In the preparation used in Fig. 4B 
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J ~ t  , 3 J  g l I l _ • 
3660 O0 3500 

Magnetic FieLd (G} 

' ' 3"60z~ . . . .  3Z~60 3500 

Magnetic FieLd (G)  

Fig. 4. EPR spectra of the radical region recorded; (A) Thylakoid membranes; (BP PS II membranes. The EPR spectra were recorded in the dark 
(lower spectrum), or under continuous illumination (upper spectrum) with heat-filtered white light from a 1000 W projector. Note the 8-times 
larger magnification in the dark spectrum as compared to the illuminated spectrum in (A). The chlorophyll concentration was (A) 2.2 mg Chl/ml, 

and (B) 0.7 mg/ml. EPR conditions: T = 293 K; microwave frequency, 9.77 GHz; microwave power, 3 roW, modulation amplitude, 3.2 G. 
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the PS II to I'S 1 ratio is abemt 3"1 comparcd to i :5  
for unfractionated thylakoids. 

In the illuminated spcctrum obtained from these 
mcmbranc.,, (Fig. 4B), the low-field shoulder of Signal 
ll,h,~ ̀ (at 347(I G) is frcc from the PSI  radncal signal. 
This shows that the preparation at thin purity will be 
useful for kinetic EPR studies of "l'yr~). and Tyrz.. 
The purity can easily bc improved to almost negligible 
PSi  levels, rcsulting in an almost total loss of thc EPR 
Signal 1, but in this case the yield of membranes is 
reduced. 

A useful indicator for the intactncss of the donor 
sidc in PS 11 is the prcscnce or absence of Signal llt,,t 
during illumination. Tyr z of thc D1 protein in its 
oxidized form gives rise to a similar EPR spectrum as 
Signal !i,~,,,, [33]. However, it decays considcrabty faster 
and in oxygen-evolving PS !1 centres the spectrum from 
Tyrz.. which is known as Signal II,c,.~l:,,, [33], decays 
within the response time of our EPR spectrometer. 
Thus, it is not observable during illumination. How- 
ever, when the electron transfer from the oxygen-evolv- 
ing Mn-cluster is inhibited for any reason, Tyr z, is 
reduced in a slower time-scale, and the spectrum be- 
comes dctcctable [33] in the form of Signal llta~t. Thc 
spectrum in Fig. 4B shows that there is no increase of 
Signal I1 during continuous illumination in the PS II 
membranes (the only increase in the spectra is from 
PTq~)~ ). This shows that all Tyr z. is rapidly reduced. 
demonstrating that the oxygen evolving system is oper- 
ational in the totally dominating fraction of the PS 11 
centres of the preparation. 

Another useful spectroscopic probe for the integrity 
of the oxygen-evolving system is the S 2 state multiline 
EPR signal that originates from the Mn-cluster [33]. In 
thylakoids from Syneclzocystis 6803 this spectrum can- 
not be observed due to the low PS II content (not 
shown). However, in the purified PS I! membranes the 

multilinc signal could easily be dctectcd after illumina- 
tion at 2111) K. The rccorded spectrum (Fig. 5) is very 
similar to the spectrum of PS il in higher plants, since 
it has the same hyperfinc splitting and contains similar 
minor spectral components. However, the spectrum in 
Synechoo'stis 6803 is more resolved than the plant PS 
II spectrum, as seen from the better resolution of 
several of the shoulders on peaks in the central part of 
the spectrum (Fig. 5). This is similar to the situation in 
other cyanobactcrial species [34]. 

Discussion 

If Sym'c&~3'stis 6803 is to be used as a model 
system fi~r studies on the structure and function of the 
PS II complex, the experimental advantages of this 
organism with respect to site-directed mutagencsis have 
to be combined with the possibility of biochemical 
analysis. In particular, when it comes to functional 
studies of PS II, EPR spectroscopy is a crucial analytic 
tool. To fulfil this biochemical requirement it is neces- 
sat5, to obtain a PS I! preparation with similar proper- 
tic~ as the 'BBY'-preparation isolated from plant 
chloroplast [32]. Previously presented procedures for 
preparation of PS I1 from Synechocystis 6803 [22,35] 
require quite timeconsuming chromatographic proce- 
dures and give a poor yield of PS II material. In our 
hands, such procedures have resulted in preparations 
with low or no oxygen-evolving activity. The aim of this 
work has therefore been to develop a simple, high-yield 
PS II preparation that retains high rates of oxygen 
evolution, and of a purity that allows EPR analysis of 
various PS 11 components. 

A direct approach involving a selective extraction of 
active PS 11 from the membrane by detergent solubi- 
lization was not successful. No conditions could be 
found that allowed for PS II extraction that did not 
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also result in destabilization of the oxygen CVo]ving 

activity. Moretwer, PS t was usually solubilizcd to a 
higher dcgrec than PS !i ,  as is often the case also fl~r 
plant thylakoids [36]. Subscqucnl cffi~rts Io separa te  
~flubilized PS ii and PS I by sucrose gradient ccntrif- 
ugation and liquid chromatography invariably led to 
substantial loss of oxygen evolution activity, and the 
resulting PS !1 preparation, even though of high purity, 
did not generate acceptable EPR signals. 

Another approach involving selective detergent ex- 
traction of PS i from the thylakoids and subsequent 
isolation of the residual membranes by differential 
centrifugation resulted in a membrane fraction with an 
apparent 10-15-fold enrichment of functional PS 11. A 
combination of dodecyI /3-mallosidc, Triton X-t00 and 
the chaotropic salt LiCIO~ was used for selective ex- 
traction of PS i. The thylakoid suspcnsion was pro- 
treated with a low concentration of dodecyl fl-mallo- 
side prior to extraction with Triton X-Itl0. Dodccyl 
/J-maltoside probably has a stabilizing effect on the 
oxygen evolving capacity of PS I! as reported earlier by 
Bowes et al. [37]. Without the pretreatmcnt of dod:cyl 
gJ-maltoside, much of the PS 11 activity was lost during 
the Triton X-Ill0 treatment. Dodccyl /]-maltoside also 
releases the phycobilisomes from the membrane sur- 
face, which may increase the overall accessibility to 
Triton X-I(KI. The addition of LiCIO~ after detergent 
extraction had a stabilizing effect on PS ii activity. 

The PS 11 preparation is not a protein complex, but 
rather a population of membrane sheets where PS Ii is 
embedde,: in its natural lipid environment, in that 
respect, the present Synechocystis PS Ii preparation is 
organizationally analogous to the 'BBY'-preparation 
from plant chloroplasts [38]. 

Several redox-components on the oxidizing side of 
PS i! have been well characterized by EPR spec- 
troscopy. The possibility of studying these spectra 
(Tyr z, Tyrt) and the S-state multiline-signal) in the 
present preparation from Synechocystis 6803 should bc 
of crucial future importance for the successful applica- 
tion of site-directed mutagenesis in structural and 
functional investigations of the photosynthetic oxygen- 
evolving system and the environment of Tyr o and Tyr z 
in the PS II reaction centre. 

in conclusion, the preparation should possess thc 
same experimental potential for research on PS II in 
Synechocystis 6803 as the 'BBY'-preparation has had 
on studies of PS Ii from plants. In particular, it will 
allow EPR analysis of structure-function relationships 
after site-directed mutagenesis of various subunits in 
the reaction centre of PS 11. 
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